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ACS- Acute coronary syndromes
AMI- Acute myocardial infarction
BMI- Body mass index
BL- Bone loss
BOP- Bleeding on probing
CC- Carotid calcification
CAL- Clinical attachment level
CEJ- Cementoenamel junction
CI- Confidence Interval
C3- Cervical vertebra 3
C4- Cervical vertebra 4
CVDs- Cardiovascular diseases
DS- Doppler Sonography
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FDI- World Dental Federation
HR- Hazard ratio
ICC- Intraclass correlation
ICD- International classification of diseases
JB- Johan Sanmartin Berglund
MI- Myocardial infarction
OR- Odds ratio
OO- Old old age cohort 78-96 years
PASW- Predictive Analytics Soft Ware
PC- Personal computer
PD- Probing depth
PMX- Panoramic radiograph
REP- Rigmor Persson
SD- Standard deviation
SNAC- Swedish National Study of Aging and Care
SPP- Statistical Package for the Social Sciences
SWEAH- The Swedish National Graduate School for Competitive
Science on Ageing and Health
TIA- Transient ischemic contact
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UN- United Nations
WHO- World Health Organization
WMA- World Medical Association
YO- Young old age cohort 60-72 years
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This thesis is based on the following four papers, which will be referred to in the text by the Roman numerals I-IV as listed below.
I.

Bengtsson VW, Persson GR, Renvert S. Assessment of carotid calcifications on panoramic radiographs in relation to
other used methods and relationship to periodontitis and
stroke: a literature review. Acta Odontol. Scand.
2014;72(6):401-12.

II.

Bengtsson VW, Persson GR, Berglund J, Renvert S. A
cross-sectional study of the associations between periodontitis and carotid arterial calcifications in an elderly population. Acta Odontol. Scand. 2016;74(2):115-20.

III.

Bengtsson VW, Persson GR, Berglund J, Renvert S. Carotid
calcifications on panoramic radiographs are associated
with future stroke or ischemic heart diseases: a long-term
follow-up study. Clin Oral Investig. 2019;23(3):11711179.

IV.

Periodontitis related to cardiovascular events and mortality, a long-time longitudinal study. In manuscript.

Reprints of articles I and II were made with kind permission of the
publishers. Article III is distributed under the terms of the Creative
Commons Attribution 4.0 International License.
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Design
Review

Crosssectional

Longitudinal

Longitudinal

Aim

To evaluate the use and value of panoramic
radiographs in assessing carotid calcifications
in relation to other used methods (gold standards). A second aim was to assess the literature on carotid calcifications defined from
panoramic radiographs and concurrent diagnosis of stroke and periodontitis

To evaluate if periodontitis is associated with
the presence of carotid arterial calcifications
diagnosed on panoramic radiographs in an
elderly population

To assess if carotid calcifications detected on
panoramic radiographs are associated with
future events of stroke, and/or ischemic heart
diseases over 10–13 years in individuals between 60 and 96 years

To assess if individuals ≥ 60 years of age with
periodontitis are more likely to develop stroke
or ischemic heart diseases or are at higher risk
of death over a period of 17 years

Study

I

II

III

IV

An overview of the studies included

n=858
(459
women)

n=726
(350
women)

n=499
(313
women)

30 articles

Sample

Radiographic examination
and medical history

Clinical, radiographic examination and medical history

Clinical and radiographic
examination

Literature search screening
for publications using
search terms such as panoramic radiograph, carotid
calcification, stroke and
periodontitis

Data Collection

Individuals with periodontitis had an increased risk
for ischemic heart diseases in all individuals
(HR:1.5, CI: 1.1-2.1, p=0.017), in women (HR:2.1,
CI:1.3-3.4, p=0.002) and in OO (HR:1.7, CI:1.02.6, p=0.033) during the 17-year follow-up. Individuals with periodontitis had an increased risk for
all cause mortality in all individuals (HR:1.4,
CI:1.2-1.8, p=0.002), in men (HR:1.5, CI:1.1-1.9,
p=0.006), and in YO (HR:2.2, CI:1.5-3.2, p=0.000).

A significant association between carotid calcifications, and future events of stroke and/or ischemic
heart diseases were found (χ2=9.1, OR: 1.6, 95%
CI: 1.2-2.2, p<0.002). In the younger age group, this
association was more pronounced (χ2=12.4,
OR:2.4, 95% CI:1.5 - 4.0, p<0.000)

Individuals with periodontitis had a higher prevalence of carotid calcifications (χ2= 4.05, OR: 1.5,
95% CI: 1.0-2.3, p<0.05)

The sensitivity for findings of carotid calcifications
on panoramic radiographs compared to Doppler
sonography varied between 31.1-100%. The specificity for findings of carotid calcifications on panoramic radiographs compared to Doppler sonography varied between 21.4-87.5%. Individuals with
carotid calcification (CC) findings from panoramic
radiograph (PMX) had more periodontitis and risk
for stroke

Main findings

Periodontitis is a chronic inflammatory disease with a microbiological etiology affecting the supporting tissues of the tooth. The disease affects approximately 50% of the adult population. The prevalence of periodontitis increases with age. The complex bacterial
infection, as well as an exaggerated host inflammatory reaction,
may trigger subclinical atherosclerosis.

The overall aim of the present thesis was to study the associations
between periodontitis, cardiovascular diseases and mortality. The
specific aims were: I) to evaluate the use and value of panoramic
radiographs in assessing carotid calcifications in relation to other
used methods (gold standards) and to assess the literature on carotid calcifications defined from panoramic radiographs and concurrent diagnosis of stroke and periodontitis, II) to evaluate if periodontitis is associated with the presence of carotid arterial calcifications diagnosed on panoramic radiographs in an elderly population, III) to assess if carotid calcifications detected on panoramic
radiographs are associated with future events of stroke, and/or ischemic heart diseases over 10–13 years in individuals between 60
and 96 years, IV) to assess if individuals ≥ 60 years of age with periodontitis are more likely to develop stroke or ischemic heart diseases or are at higher risk of death over a period of 17 years.
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A literature review based on peer-reviewed studies was performed
evaluating the use of panoramic radiographs in assessing carotid
calcifications compared to other methods. In study II, III, IV older
individuals, 60 years and older participating in the Swedish National Study of Aging and Care (SNAC) were included in the studies. A dental hygienist performed a dental clinical and radiographic
examination. Probing depths (PD) and bleeding on probing (BOP)
was registered. From radiographic panoramic images, the distances
between the alveolar bone level and the cement enamel junction
(CEJ) were measured. In study II, a diagnosis of periodontitis was
declared, using a composite definition; if a distance between the alveolar bone level and the CEJ ≥5 mm on panoramic radiographs at
>10% of sites and PD ≥5 mm at one or more teeth and with BOP
>20% of teeth. In study IV, an indicator of a history of periodontal
disease was declared if a distance between the alveolar bone level
and the CEJ ≥5 mm on panoramic radiographs at ≥30% of sites.
Evidence of a radiopaque nodular mass in the intervertebral space
at or below the vertebrae C3-C4 was identified as carotid calcification. In addition, a medical research team performed the medical
examinations, and a medical doctor (JB) reviewed all medical records for information about events of stroke and ischemic heart diseases. Stroke and ischemic heart diseases were registered according
to the ICD 10 codes: ICD 60-69 for stroke and ICD: 20-25 for ischemic heart diseases. Study I was a review of the literature, in
study II, a cross-sectional study design was employed. In studies III
and IV, a longitudinal prospective study design was used.

On the use of panoramic radiographs in assessing carotid calcifications in relation to other used methods, the sensitivity and specificity varied between studies published. Furthermore, only a small
number of studies were found concerning carotid calcifications and
stroke. These studies were primarily retrospective. Four studies
were found on the association between periodontitis and carotid
calcification.
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Study II identified that older individuals with periodontitis had a
significantly higher prevalence of carotid calcifications than individuals who did not have a diagnosis of periodontitis. In study III,
a significant association was found between carotid calcifications
on panoramic radiographs and 13- year incidence of stroke using a
logistic regression analysis adjusted for confounders (BMI, diabetes
type 2, hypertension) in the 60-72 years. A statistically significant
crude association between radiographic evidence of carotid calcifications and incidence of ischemic heart diseases was found in individuals between 60-72 years. Such an association was, however,
not identified among individuals older than 72 years.
In study IV, Cox regression analysis was used, adjusted for confounders (age group, BMI >30, diabetes type 2, gender, hypertension, history of AMI, history of stroke, periodontitis, smoking) and
with a definition of periodontitis as having a distance between the
alveolar bone level and the CEJ ≥5 mm in panoramic radiographs
at ≥ 30% of sites. Periodontitis increased the risk for ischemic heart
diseases in all individuals, in women and in the 78-96 years age
group (OO). Associations between periodontitis, and mortality
were found in all individuals, in men and in the 60-72 years age
group (YO) in the long term follow-up.

1.
Study I identified that there are studies which have assessed the
value of panoramic radiographs in relation to other used methods
(gold standards). The sensitivity and the specificity varied, with the
specificity being more often higher. Few studies have considered
the relationship between radiographic evidence of carotid calcifications and stroke. Four studies identified a relationship between a
diagnosis of periodontitis and carotid calcifications on panoramic
radiographs.
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2.
Study II identified a significant association between periodontitis
and carotid calcification in individuals 60-96 years.
3.
Study III identified that signs of carotid calcifications assessed from
panoramic radiographs from the 60-96-year-old individuals were
consistent with an incident of stroke and/or ischemic heart diseases
over 13 years follow-up.
4.
Study IV identified that periodontitis was associated with future
ischemic heart diseases in all individuals, in women and in the 7896 years age group. Periodontitis was associated with mortality in
all indviduals, in men and in the 60-72 years age group.
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Munnen är en del av kroppen. Processer och sjukdomar som påverkar munhålan kan även påverka övriga delar av kroppen. Tandlossning är en kronisk inflammatorisk sjukdom som startar med
bakterier. Bakterieprodukter och inflammatoriska produkter orsakar en destruktion av tandens stödjevävnader (parodontit). Om
sjukdomen, genom behandling, inte kan stoppas leder det till att
tanden lossnar, därför används ibland ordet tandlossning i allmänt
tal. Parodontit drabbar en stor del av befolkningen och ökar med
stigande ålder. De bakterier, bakterieprodukter och inflammatoriska produkter som är involverade vid parodontit har påträffats i
blodkärlen. Det finns många andra sjukdomar som också är inflammationsdrivna så som hjärtkärlsjukdomar där ateroskleros anses vara den huvudsakliga orsaken.
Det övergripande målet med denna avhandling var att studera
samband mellan parodontit och hjärtkärlsjukdomar respektive död
över tid. Mer specifika mål var att i en övergripande allmän litteraturstudie studera användning och värde av panoramaröntgen för
att identifiera karotisförkalkningar. I samma litteraturstudie studerades karotisförkalkningar i relation till stroke och parodontit.
Med hjälp av röntgenundersökning studerades karotisförkalkningar liksom bennivån runt tänderna. Kliniskt undersöktes förekomsten av tandköttsfickor och blödning vid ficksondering. Förhållandet mellan karotisförkalkning och parodontit studerades. Vidare
studerades om karotisförkalkningar, som identifierats på röntgen,
19
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kunde sättas i samband med insjuknande i stroke och/eller hjärtsjukdomar över en uppföljningstid på 13 års. Ytterligare ett mål
var att undersöka om individer med parodontit hade större sannolikhet att utveckla stroke, hjärtsjukdom eller död, under en uppföljningstid på 17 år. Individer 60 år och äldre boende i Karlskrona
kommun rekryterades inom projektet "Swedish National Study of
Aging and Care" (SNAC). Två tandhygienister utförde kliniska och
röntgenologiska undersökningar. En läkare granskade medicinska
journaler för att identifiera eventuella stroke eller hjärtsjukdomar.
Träffsäkerheten med panoramaröntgen jämfört med andra metoder varierade kraftig mellan analyserade studier. Ett fåtal studier
påträffades avseende samband mellan karotisförkalkning på panoramaröntgen och stroke liksom karotisförkalkning och parodontit.
I flertalet studier som rörde stroke hade man granskat samband
mellan karotisförkalkning och en historia av stroke men inte framtida insjuknande i stroke.
Hos individer 60-72 år upptäcktes ett starkt samband mellan karotisförkalkning på panoramaröntgen och insjuknande i stroke
och/eller hjärtsjukdomar. Individer med parodontit visade sig ha en
ökad risk att dö under den 17 åriga uppföljningstiden jämfört med
individer utan parodontit. Parodontit visade sig ha ett samband
med ökad risk för hjärtsjukdomar.
Slutsatsen av denna avhandling är att;
Äldre individer med parodontit har ökad risk att dö och har oftare
karotisförkalkning, jämfört med de som inte har parodontit.
Karotisförkalkning på panoramaröntgen har ett samband med insjuknande i hjärtkärlsjukdomar.
Individer med parodontit utvecklar oftare hjärtsjukdomar.
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Oral health is part of the overall health, well-being and quality of
life (Glick et al. 2017). For older individuals, oral health is vital to
avoid discomfort and pain, tooth loss, and being able to chew food
properly to avoid malnutrition (Eke et al. 2016). WHO defines
oral health as “a state of being free from chronic mouth and facial
pain, oral and throat cancer, oral infection and sores, periodontal
(gum) disease, tooth decay, tooth loss, and other diseases and disorders that limit an individual’s capacity in biting, chewing, smiling, speaking, and psychosocial “well-being" (Fisher et al. 2018). A
similar definition by the World Dental Federation (FDI) has been
declared, "oral health is multi-faceted and includes the ability to
speak, smile, smell, taste, touch, chew, swallow and convey a range
of emotions through facial expressions with confidence and without pain, discomfort and disease of the craniofacial complex"
(Glick et al. 2017).
Life expectancy worldwide has increased, and most individuals can
expect to live beyond 60 years. The proportion of the world’s population >60 years is predicted to change from 12% to 22% between 2015 and 2050 (WHO 2018). The demographic shift concerns particularly older adults of the developed countries in North
America, Western Europe and northeast Asia (Lamster 2016). The
definition of the older adult has been debated, but in 2017, the
United Nations (UN) agreed to use 60 years as a definition (United
Nations Ageing 2017).
21
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In older individuals the presence of complete dentures and partial
dentures has steadily decreased over 40 years and the older population has more remaining teeth at older age (Norderyd et al. 2015,
Tonetti et al. 2017, Schwendicke et al. 2018, Wahlin et al. 2018).
Wahlin et al. (2018) demonstrated that the number of teeth significantly increased in a population between 20 to 80 years of age, especially in individuals with severe periodontitis. A decrease in the
number of caries affected teeth has also been demonstrated, and
this trend is expected to continue (Jordan et al. 2019). Accordingly,
the number of filled and decayed teeth has increased in older individuals and will be expected to continue to increase (Norderyd et
al. 2015, Jordan et al. 2019).
More remaining teeth and better oral health is considered a result
of progress in the prevention and treatment of caries and periodontitis (Tonetti et al. 2017). The growing aging population and the
increasing expectations of good oral health-related quality of life in
older individuals will, however, provide a considerable challenge to
the healthcare systems (Tonetti et al. 2017).

Periodontitis is a mixed bacterial infection, triggering inflammatory
destruction of the teeth supporting tissues (Hajishengallis et al.
2012). The transition from gingivitis, a reversible inflammation in
the gingiva, to periodontitis is caused by a disruption in the homeostasis between genetic (host immune system), environmental and
bacterial virulence factors (Harvey et al. 2017). Epidemiologic
studies performed in different parts of the world have shown that
colonization by certain species of periodontal bacteria, including

Aggregatibacter actinomycetemcomitans (A.a), Porphyromonas
gingivalis (P.g), Tannerella forsythia (T.f) and Campylobacter rectus are detected in destructive periodontitis (Papapanou et al.
2014). If untreated, periodontitis may result in tooth loss and accounts for one of the biggest reasons to lose teeth in adulthood
(Natto et al. 2014).
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Until now, periodontitis has been classified as: 1) chronic periodontitis, 2) aggressive periodontitis, and 3) periodontitis as a manifestation of systemic disease (Armitage, 2004). Recently a new
classification has been adopted. Periodontitis is grouped into one
single category and based on a multi-dimensional staging based on
the severity and complexity and assessment of progression of the
disease (Papapanou et al. 2018). Periodontitis is a chronic and cumulative disease that affects more often older individuals
(Castrejón-Pérez et al. 2014). Data from The NHANES study in
US 2009 and 2010, demonstrated that 47% of the population, representing 64.7 million adults 30 years and older in the US, had periodontitis. The prevalence of periodontitis increased with increasing age (Eke et al. 2012). The prevalence of severe periodontitis in
individuals 80 years and older was in a Swedish population of
50% (Holm-Pedersen et al. 2006). Another Swedish study identified periodontitis in 38% of men ≥ 81 years of age (Renvert et al.
2013). In a Norwegian population 67 years and older, 33% of the
subjects had periodontitis, and out of those, 12% had severe periodontitis (Norderyd et al. 2012).

During the last 30 years, a new research field, periodontal medicine
has been launched. In this field, researchers have studied how periodontal disease may influence the individual’s systemic health and
vice versa (Williams et al. 2000). Periodontitis has not only local
effects on the tooth-supporting tissues. Oral bacteria may also enter the bloodstream through the ulcerated periodontal pockets and
cause infections in other organs (e.g. endocarditis, lung abscess and
pneumonia) (Lockhart et al. 2009, Zhang et al. 2013). Bacteria
from the periodontal lesions may cause inflammatory reactions
that could influence the progression of systemic diseases, such as
diabetes mellitus, atherosclerosis, adverse pregnancy outcomes,
rheumatoid arthritis and neurodegenerative diseases (Genco et al.
2010, Glick et al. 2014). Associations between periodontitis and
diabetes are well established (Chavarry et al. 2009, Borgnakke et
al. 2013, Sanz et al. 2018) and periodontitis is associated with im23
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paired glycemic control in individuals with diabetes (Borgnakke et
al. 2013).

Development of atherosclerosis is a lifelong process, starting in early childhood, with clinical manifestations many years after (Niinikoski et al. 2012). Atherosclerosis is the main cause of CVDs
(Gasbarrino et al. 2016, Chapman et al. 2017) and CVDs are the
most common cause of death in the US (Xu et al. 2016). CVDs include all conditions associated with the heart and blood vessels,
such as coronary heart disease, stroke and heart failure (Waters et
al. 2013).
Periodontitis has been associated with an increased risk for CVDs
(Scannapieco et al. 2003, Kinane et al. 2008, Lockhart et al. 2012,
Cullinan et al. 2013, Dietrich et al. 2013). The etiopathogenic link
between periodontitis and CVDs is considered to be the results of
systemic inflammation (Aoyama et al. 2017). Through the ulcerated periodontal pockets oral bacteria may enter the bloodstream
(Lockhart et al. 2009) resulting in systemic inflammatory and immunologic responses (Scannapieco et al. 2016) that could trigger
the initiation and progression of atherosclerosis (Ross et al. 1999,
Libby et al. 2009). Individuals with a diagnosis of acute coronary
syndrome (ACS) have demonstrated a significantly higher total oral
bacterial load and increased number of species associated with periodontitis, such as Porphyromonas gingivalis, Tanerella forsythia
and Treponema denticola (Renvert et al. 2006). High-sensitivity
serum C-reactive protein levels, a mediator for inflammation, have
in several studies demonstrated associations to periodontitis
(Persson et al. 2005, Kumar et al. 2014). Data exist suggesting that
periodontitis is associated with subclinical atherosclerosis
(Desvarieux et al. 2003, Söder et al. 2005, Lockhart et al. 2012).
Having periodontitis increased the risk for stroke (Reyes et al.
2013, Schenkein et al. 2013, Tonetti et al. 2013). In a review of the
literature, periodontitis was reported to be associated with the oc24
23

currence of stroke (Lafon A et al. 2014) especially in men and in
younger subjects (Grau et al. 2004). Periodontitis has also been associated with myocardial heart infarction (Rydén et al. 2016).
Few prospective longitudinal studies on the association between
periodontitis and CVDs have been reported. In a 3-year follow-up
study, periodontitis was predictive of a future ACS event (Renvert
et al. 2010). Another 3-year follow-up study demonstrated that individuals with severe periodontitis and a diagnosis of coronary
vascular disease attained the combined endpoint (myocardial infarction, stroke/transient ischemic attack, cardiovascular death and
death caused by stroke) more often, although not significant, compared to individuals without periodontitis (18.9% versus 14.2%)
(Reichert et al. 2016). Patients with periodontitis were reported to
have an increased risk of CVDs in a Danish nationwide cohort
study with a 15-year follow-up period (Hansen et al. 2016). In the
same study by Hansen et al. (2016) it was reported that periodontitis increased the risk of all-cause mortality within 15 years. Individuals (30-40 years) with periodontitis and missing molars have
been reported to have an increased risk for death from diseases of
the circulatory system, over 16 years (Söder et al. 2007). Contradictory to the results by Hansen et al. (2016) and Söder et al.
(2007) survival statistics from a 6-year longitudinal study failed to
show that periodontitis predicted mortality in older individuals
(Renvert et al. 2015). Missing teeth have been proposed as a surrogate marker for current or past periodontitis as it reflects an accumulation of oral inflammation to which an individual has been experienced throughout life (Holmlund et al. 2012). In a Korean nationwide cohort follow-up study of 7.6 years, tooth loss was associated with an incident of myocardial infarction, heart failure or
ischemic stroke, especially in individuals with periodontitis (Lee et
al. 2019). A population-based survey over 13 years, demonstrated
that ≥ 5 missing teeth were significantly associated with an event of
coronary heart disease and acute myocardial infarction whereas no
association with stroke was observed (Liljestrand et al. 2015). In
another longitudinal study, with a median follow- up time 15.8
years, the number of teeth was significantly related to myocardial
25
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infarction and heart failure but not to an event of stroke
(Holmlund et al. 2017). In the study by Liljestrand et al. (2015),
missing teeth ≥ 9 was associated with mortality.

Atherosclerotic disease is common in the area where the carotid artery bifurcates into the internal and external carotid arteries
(Cheng et al. 2006). Both invasive and non-invasive methods are
used to assess the presence and extent of arterial calcifications (Bos
et al. 2015). Intravascular ultrasound and intravascular optical coherence tomography are examples of invasive diagnostic methods,
and they may be the most predictable methods in identifying elevated risks for stroke or other cardiovascular events (Denzel et al.
2004). Non-invasive diagnostic methods are Doppler sonography
(DS), computed tomography (CT) and magnetic resonance imaging
(MRI), all able to identify carotid calcifications (Huibers et al.
2015).
Panoramic radiography is a frequently performed radiographic diagnostic method in dentistry. Carotid calcifications are usually localized in the bifurcation area, posterior, inferior to the mandibular
angle, and adjacent to the space between the third or fourth cervical vertebrae (C3 and C4). When the area of the carotid bifurcates
is visible, panoramic radiography can also be utilized to identify
carotid artery calcifications (Friedlander et al. 1994, Cohen et al.
2002, Persson et al. 2002, Ravon et al. 2003, Tanaka et. al 2006,
Kumagai et al. 2007, Lee et al. 2014, Friedlander et al. 2015). In
3-15% of the adult population, these calcifications can be identified on panoramic radiographs (Friedlander et al. 1994, Carter et
al. 1997, Ohba et al. 2003, Johansson et al. 2011). Signs of carotid
calcifications are more frequently found in older individuals compared to younger individuals (Bengtsson et al. 2016). A high level
of agreement in intra-examiner assessments of carotid calcification
signs on panoramic radiographs has been reported (Persson et al.
2002). Asymptomatic carotid stenosis of 50% is a risk marker for
26
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future vascular events (Venketasubramanian et al. 2013, Brott et
al. 2011). Guidelines recommend secondary vascular prevention
and treatment of higher preventive intensity, for individuals with
50% carotid stenosis, even in the absence of vascular events (Venketasubramanian et al. 2013, Brott et al. 2011). Carotid stenosis of
50% or more can be detected in 75% of cases on panoramic radiographs (Garoff et al. 2014).
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I. To evaluate the use and value of panoramic radiographs in assessing carotid calcifications in relation to other used methods
(gold standards). A second aim was to assess the literature on carotid calcifications defined from panoramic radiographs and concurrent diagnosis of stroke and periodontitis
II. To evaluate if periodontitis is associated with the presence of carotid arterial calcifications diagnosed on panoramic radiographs in
an elderly population
III. To assess if carotid calcifications detected on panoramic radiographs are associated with future events of stroke, and/or ischemic
heart diseases over 10–13 years in individuals between 60 and 96
years
IV. To assess if individuals ≥ 60 years of age with periodontitis are
more likely to develop stroke or ischemic heart diseases or are at
higher risk of death over a period of 17 years
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The first study I, included in this thesis is a review assessing carotid
calcifications on panoramic radiographs in relation to other used
methods and the relationship to periodontitis and stroke. Studies
II, III, IV are based on material from the Swedish National Study
on Aging and Care (SNAC) in Blekinge Sweden.

Study 1 was performed as a literature review based on a literature
search in PubMed (Medline) up to November 2012. The search
was based on the following search terms; (I) (panoramic radiography and carotid calcification) OR (panoramic radiography and
carotid calcifications) OR (panoramic radiography and carotid artery atheroma); (II) (carotid calcifications and stroke and panoramic radiography) OR (carotid calcification and dental) OR (carotid
calcification and stroke and panoramic radiography) OR (carotid
calcification and stroke panoramic radiography) and (III) (calcifications and periodontitis and panoramic radiography) OR (carotid
calcification and periodontitis and panoramic radiography) OR
(carotid calcification and periodontal disease and panoramic radiography) OR (periodontitis and carotid calcification) OR (periodontitis and carotid calcifications). Hard copy search of additional
references was also employed. Only literature published in English
was considered. The literature review included studies on the relationship between carotid calcifications identified on panoramic radiographs and other methods of assessments and studies on the association between carotid calcification and stroke and between ca29
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rotid calcification and periodontitis. Case reports, review papers
and animal research were excluded.

Studies II, III and IV are based on data from the Swedish National
Study on Aging and Care (SNAC) in Blekinge. SNAC a national,
multidisciplinary project includes four participating areas: SNACBlekinge, SNAC Kungsholmen, SNAC Nordanstig, and SNAC
Skåne (GÅS). In all four study areas, research centers conduct a
population study. In an older population, 60 years and over, data
are obtained through repeated medical examinations, tests, interviews, and questionnaires regarding health, illness, functional capability and social situation. In SNAC-Blekinge, an oral health examination is also incorporated. The study has a longitudinal design
and uses a common type of study design.

Study individuals were randomly selected from the Swedish population database representing the ageing population (60–96 years) in
Karlskrona municipality (The Swedish Tax Agency electronic database), Sweden. At baseline (2001), an equal number of randomly
selected individuals in age cohorts of 60, 66, 72 and 78 years were
included. In the age cohorts of 81, 84, 87, 90, 93 and 96 years, all
inhabitants were invited, representing the older population in
Karlskrona, Sweden. All individuals were invited by regular mail,
and the enrolment occurred between 2001-2003 (baseline). At
baseline, the response rate was 62% representing approximately
10% of the population ≥ 60 years. More individuals in the older
age cohorts declined participation.

During the enrolment, at baseline 2001-2003, two dental hygienists performed the clinical examinations. The examinations were
performed in a dental chair at the research clinic. Probing depth
(PD) was measured with a periodontal probe (CP-12, Hu-Friedy
Inc. Chicago, IL) at four sites (mesial, mid-buccal, distal and mid30
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lingual) per tooth. The deepest PD value of each tooth was used to
calculate the proportions of teeth with a probing depth ≥5 mm. Reliability measurements between randomly selected cases for double
assessments regarding the inter-observer agreement of PD values
between the two clinicians performing the examinations was 0.76
(Cronbach’s α) (95% CI:0.67-0.82; p<0.001). The proportion of
teeth with bleeding on probing (BOP) was registered as bleeding or
not per tooth and calculated on an individual level. In study II, periodontitis was defined by the extent of bone loss, PD and BOP.

At baseline in 2001-2003, analogue panoramic radiographs (Orthopantomograph, OP 100 Instrumentarium Tuusula Finland)
were taken with a standard exposure of 75kV and 10 mA. An experienced independent examiner (REP) performed the radiographic
measurements blind to medical and dental information, age, gender
and survival status. A millimeter graded plastic ruler, a magnification viewer (x 2) and a lightbox source, was used to measure the
distances between the alveolar bone level and cement enamel junction (CEJ). Alveolar bone loss was measured at the mesial and distal aspect of the existing teeth. The number of interproximal sites
with a distance ≥ 5 mm between the alveolar bone level and CEJ
was used. Reliability measurements were made for a second reading of the panoramic radiographs. The intra-class correlation coefficient (ICC) between the intra-observer measurements for the distance between CEJ and the apex was 0.93 (95% CI:0.91-0.96,
p<0.01). In study II, a diagnosis of periodontitis was made if a distance between the alveolar bone level and the CEJ ≥5 mm on panoramic radiographs was detected at >10% of sites and PD ≥5 mm at
one or more teeth and with BOP >20% of teeth. In study IV, periodontitis was defined if a distance between the alveolar bone level
and the CEJ ≥ 5 mm on panoramic radiographs was detected at ≥
30% of sites.
In study II and study III, evidence of a radiopaque nodular mass in
the intervertebral space at or below the vertebrae C3-C4 was identified as carotid calcification. Reliability measurements of carotid
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calcifications were made through intra-examiner assessments from
100 randomly selected panoramic radiographs resulting in
Cronbach´s alpha of 0.91 with an interval between the two sets of
readings approximately one year.

Information about events of stroke (cerebrovascular diseases) and
ischemic heart diseases were collected from the electronic medical
database at the research center of the general hospital in Karlskrona, Sweden. A physician (JB) annually reviewed the medical records for all individuals in the study. According to the world health
organization (WHO), diseases were classified into "the statistic
classification of diseases and related health problems, 10th revision" (ICD 10) (WHO 2019). These classifications are, for ischemic heart diseases (including myocardial infarction) classified ICD
10: 20-25 and for cerebrovascular diseases (including stroke) ICD
10: 60-69.

The included studies comply with the ethical regulations for research described by the World Medical Association (WMA), The
Declaration of Helsinki with amendments (WMA 2013). All the
four different ethical considerations were fulfilled: the information,
the consent, the confidentiality and the utility requirement. The
studies were based on voluntary participation. All study individuals
signed an informed consent to the registration of collected information. All information was anonymized, coded and stored in order to protect the integrity of the study individuals. The principal
investigator was the only one having access to the unique code key.
Permission for the studies has been requested and granted by the
Regional Research Ethics Committee at the Lund University (LU
dnr LU-604-00 and 744-00). All the authors had full access to the
data set.
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Statistical computations were carried out using Statistical Package
for the Social Sciences (SPSS) Predictive Analytics Software (PASW)
(version 22.0, 23.0 and 25.0 SPSS Inc., Chicago, IL, USA) for
Windows.

Descriptive statistics were used to analyze the data. Independent ttests (equal variance not assumed) and non-parametric tests
(Mann-Whitney U-test) were performed to assess group differences. Pearson´s χ2 test and Mantel-Haenzel common odds ratio
were also used. Significance was declared at p<0.05. The SPSS
PASW version 22.0 for an Apple computer was used in the analysis.

The SPSS PASW version 23.0 for Personal Computer (PC) computer was used in the analysis. The data were analyzed using descriptive and inferential statistics. The data were assumed not to follow
a normal distribution pattern, and therefore, both independent ttest (equal variance not assumed) and nonparametric tests (MannWhitney U test) was performed to assess group differences. Pearson
χ2 test and Mantel-Haenzel odds ratio were used to analyze dichotomous data. The data were also studied by binominal logistic
regression and adjusted for BMI, diabetes type 2, and hypertension. The Kaplan–Meier estimator (log rank Mantel–Cox) was
used to study events of stroke and ischemic heart diseases in study
individuals with or without radiographic evidence of carotid calcifications during the study period. Significance was set with α at
p<0.05.

The SPSS PASW version 25.0 for PC was used in the analysis. The
data were analyzed using descriptive and inferential statistics. Dichotomous data were analyzed using Pearson χ2 test, and Mantel–
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Haenszel common odds ratio. Cox regression analysis, using the
enter method, was used to study adjusted associations (age group,
BMI, diabetes type 2, gender, hypertension, history of AMI, history
of stroke, periodontitis). Proportional hazards assumption was
evaluated graphically with “log-log” plots. Time was defined as
months from inclusion (dental examination) to either death, stroke,
ischemic heart diseases outcome or censoring due to emigration,
death or end of follow-up. Statistical significance was declared at
p<0.05.
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Most of the studies were case series. Doppler sonography (the gold
standard) is often used to identify carotid calcifications and was
compared to panoramic radiographs in 12 out of the 16 studies.
The sensitivity for findings of carotid calcifications on panoramic
radiography compared to a finding by Doppler sonography varied
from 31.1-100% and the specificity varied from 21.4-87.5% on a
patient level. Two studies compared panoramic radiography to anterior-posterior projection radiography, and both were in total
concordance to panoramic radiographs (Friedlander 1995, Friedlander et al. 2001). One study compared panoramic radiographs
with computer tomography with a sensitivity of 22% and a specificity of 90% (carotid artery level) (Yoon et al. 2008). Digital subtraction angiography versus panoramic radiographs was studied in
one study with a sensitivity of 60% and a specificity of 48% (carotid artery level) (Damaskos et al. 2008).

Associations between findings of carotid calcifications on panoramic radiographs and stroke were reported in 10 studies. Most of
the information was based on case series. In the majority of stud35
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ies, the frequency of carotid calcifications on panoramic radiographs differed but was mostly low. Three of the studies investigated individuals with a history of stroke. One of them showed that
all 14 individuals had carotid calcifications on panoramic radiographs (Christou et al. 2010). In the other two studies, 7/19 (Friedlander et al. 1994), and 8/40 (Kumagai et al. 2007), individuals
with a history of stroke showed carotid calcifications on panoramic radiographs. Four studies focused on individuals with carotid
calcifications on panoramic radiographs and if they had a history
of stroke. The figures varied considerably, 1/42 (Carter et al.
1997), 29/71 (Cohen et al. 2002), 5/29 (Ravon et al. 2003), 3/33
(Tanaka et al. 2006). In one study, no individuals with carotid calcification on panoramic radiograph had a history of stroke (Lewis
et al. 1999). One study assessed a history of stroke in individuals
with carotid calcifications on panoramic radiographs both at baseline and at 5 years follow-up. At baseline 5/46, individuals with
signs of carotid calcification had a history of stroke and 5 years
later, another five individuals had developed stroke (Friedlander et
al. 2007). In individuals 80 years old, one study showed that 2/106
individuals with carotid calcifications died from cardiovascular
diseases within 3.5 years (Tamura et al. 2005).

Relationships between carotid calcifications and a concurrent diagnosis of periodontitis were reported in four studies (Persson et al.
2002, Ravon et al. 2003, Beckström et al. 2007, Tiller at al. 2011).
The definition of periodontitis varied between these studies. One of
the studies focused on periodontitis risk (Tiller et al. 2011). When
periodontitis was defined as alveolar bone loss ≥ 4 mm between the
CEJ and the bone level at ≥ 30% of sites, an association was
shown with carotid calcification on panoramic radiographs
(Persson et al. 2002, Ravon et al. 2003) and a dose-response relationship between the size of the carotid calcification and the severity of periodontitis has been reported (Ravon et al. 2003). If periodontitis was defined as >1 mm bone loss, 25.7% of individuals
with bilateral carotid calcifications had periodontitis compared to
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10.4% in individuals without carotid calcifications on panoramic
radiographs (Beckström et al. 2007). Measuring periodontitis risk
and radiographic evidence of carotid calcification, no associations
were found when multivariate regression analysis was performed
(Tiller et al. 2011).

In the study, 714 individuals with ≥ 10 teeth as assessed from the
panoramic radiographs were included. The area of interest for
identifying carotid calcifications was not readable from 215 panoramic radiographs (30.1%), leaving 499 individuals in the study
(313 women; 62.7%). When separating the individuals into a
young-old (YO) age cohort, 60-72 years, 293 (58.7%) individuals
were included and in the old-old (OO) age cohort 78-93 years, 206
(41.3%) were included. Individuals had on average 21.3 remaining
teeth (SD±5.1). Teeth with bleeding on probing (BOP) was on average 25.3% (SD±22.6%). A combined definition for periodontitis
was used (if a distance between the alveolar bone level and the CEJ
≥5 mm could be identified on the panoramic radiographs at >10%
of sites and PD ≥ 5 mm at one tooth or more and with bleeding on
probing at >20% of teeth). Using this definition of periodontitis 91
out of the 499 (18.4%) study individuals were diagnosed as periodontitis patients. A diagnosis of periodontitis was more frequent in
men (Pearson χ2=12.9; p< 0.001) with an OR of 2.0 (95% CI: 1.42.9, p <0.001). The prevalence of periodontitis was higher in the
OO age cohort with an OR of 1.8 (Pearson χ2 = 10.1, 95% CI:
1.3-2.6, p <0.001). No statistical differences were found in BOP
between the two age cohorts.
Radiographic signs of carotid calcification identified from panoramic radiographs were found in 195/499 individuals (39.1%).
Men had more radiographic signs of carotid calcifications compared to women (Pearson χ2 = 4.6, p <0.05), with an OR of 1.5
(95% CI:1.0-2.2, p <0.05). When comparing the age cohorts, the
OO had significantly more signs of carotid calcifications with an
OR of 1.7 (95% CI:1.1-2.4, p <0.01). In the younger age cohort,
the prevalence of carotid calcifications was significantly higher
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among men (Pearson χ2 = 5.2, p <0.05) with a likelihood of 1.8
(95% CI:1.1- 2.9, p <0.05).
Statistical analysis demonstrated that individuals with periodontitis
had a higher prevalence of carotid calcification (Pearson χ2 = 4.05
p <0.05) and with an OR of 1.5 (95% CI: 1.0-2.3, p <0.05).

The study included 726 individuals with a readable panoramic radiograph. The participants were divided into young-old (YO) 6072 years, including 350 study participants and old-old (OO) 78-96
years including 376 participants. During the follow-up period
(2001-2014) 66/350 (18.9%) in the YO and 285/376 (75.8%) in
the OO age group had died.
In all individuals, a significant association between signs of carotid
calcifications on panoramic radiographs at baseline and a future
event of stroke and/or ischemic heart diseases was identified (χ2 =
9.1, OR:1.6, 95% CI:1.2-2.2, p <0.002). Specifically, in the younger age group this was more pronounced (χ2 = 12.4, OR:2.4, 95%
CI:1.5-4.0, p <0.000). In the same group, a significant association
between carotid calcifications and an event of stroke was found (χ2
= 4.5, OR:2.3, 95% CI:0.9-6.2, p= 0.03).
At the baseline examination, a history of stroke and/or ischemic
heart diseases was reported in 91/726 (14.3%) individuals. Radiographic signs of carotid calcifications were found in 45/91 (49.5%)
of these individuals. The gender distribution of such signs was
13/45 (28.9%) in women and 32/45 (71.1%) in men.
Data on the remaining 635 individuals who reported no previous
event of stroke and/or ischemic heart diseases at the baseline examination is described in a sub-analysis. Carotid calcification was
identified in 238/635 (37.5%) of the study individuals. Carotid
calcifications were more frequent in the OO age group 135/319
(42.3%) as compared to the YO age group 103/316 (32.6%) (χ2 =
6.4, OR:1.5, 95% CI:1.1-2.1, p = 0.01). Independent of age, radi38
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ographic signs of carotid calcifications were more frequently identified in men (χ2 = 11.1, OR:1.8, 95% CI:1.3-2.5, p = 0.001). During 2001-2014, first events of stroke and/or ischemic heart diseases
were identified in 195/635 (30.7%) individuals. Men in the YO age
group had a higher OR for a stroke event than women (OR:3.1,
95% CI:1.0-8.3, p = 0.02). There was no gender difference for ischemic heart diseases (OR: 1.3, 95% CI:0.7-2.4, p = 0.4) in the
same YO group. Data analysis also failed to demonstrate gender
differences in the OO age group for the incidence of stroke
(OR:1.0, 95% CI:0.6-1.8, p=0.9) or for the incidence of ischemic
heart diseases (OR:1.4, 95% CI: 0.9-2.4, p=0.12).
A significant association was identified by logistic regression, crude
and adjusted (BMI, diabetes type 2, hypertension), in the YO between carotid calcifications on panoramic radiographs and stroke
and/or ischemic heart diseases crude (OR:2.4, 95% CI:1.5-4.0, p=
0.000), and adjusted (OR:1.9, 95% CI:1.1-3.5, p = 0.03) (Table I).
In the OO group, only a history of hypertension was significantly
associated with future stroke and/or ischemic heart diseases.

Table 1. Associations between 10-13 year incidence of stroke and/or ischemic
heart diseases and different independent variables. Logistic regression in 60-72
years without a history of stroke and/or ischemic heart diseases reported at
baseline
Independent variables at baseline

OR

95%CI

p-value

BMI

1.0

1.0-1.1

0.14

Carotid calcifications

1.9

1.1-3.5

0.03*

Diabetes mellitus type 2

2.1

0.7-5.9

0.16

Hypertension

1.7

0.9-3.2

0.08

BMI= Body mass Index
* = p<0.0.5
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Data on causes of death was not available. Among those who died
during the course of the study, 47.0% had positive signs of radiographic carotid calcifications compared to 31.2% in the material
that were survivors. For those with signs of carotid calcifications at
baseline, the OR of death before the endpoint was 2.0 (95% CI:
1.4-2.7, p <0.001).
Relationships between positive or negative signs of carotid calcification and cumulative events of a first event of stroke and/or the
first event of ischemic heart diseases were illustrated by KaplanMeier survival analysis (Figures 1 and 2). Study participants YO
with baseline radiographic carotid calcifications and no previous
history of an event had a mean cumulative stroke and/or ischemic
heart diseases survival time of 12.1 years compared to those without carotid calcifications (mean cumulative survival time 13.0
years) (log rank Mantel–Cox χ2 = 10.7, p = 0.001). YO individuals
with baseline radiographic evidence of carotid calcifications and no
history of an ischemic event had a mean cumulative ischemic heart
diseases survival time 12.5 years compared to those without carotid calcifications (mean survival time was 13.2 years) (log rank
Mantel–Cox χ2 =9.5, p = 0.002).
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Time to stroke and/or ischemic heart disease
Figure 1. Kaplan-Meier curves of 60-72 year old individuals with no history of
stroke and/or ischemic heart diseases, comparing individuals with and without
carotid calcification. 13 year cumulative stroke and/or ischemic heart diseases
survival
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Time to ischemic heart disease
Figure 2. Kaplan-Meier curves of 60-72 year old individuals with no history of
ischemic heart diseases, comparing individuals with and without carotid calcification. 13 year cumulative ischemic heart diseases survival.
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Data were derived from 858 individuals (women 53.5%). The ages
at baseline varied between 60-93 years with a median age 72.0
years (SD: ±9.3). Individuals had, on average, 18.6 remaining teeth
(SD: ±7.5). Approximately half of the individuals 428/838 (51.1%)
reported that they did not or had never smoked. During the 17year follow-up 492/858 (57.3%) died, and 51/858 (5.9%) of the
individuals moved away from the Karlskrona area. Periodontitis
was defined as bone loss ≥ 5 mm at ≥ 30% of sites. At the baseline
examination, periodontitis was diagnosed in 212/858 (24.7%).
Periodontitis was more frequent among men (57.1%) (OR:1.8,
95% CI:1.3-2.4, p= 0.000). If dividing into a young-old (YO) age
cohort (60-72 years), 471/858 (54.9%) were included, and in an
old-old (OO) age cohort (78-96 years), 387/858 (45.1%) were included.
The cumulative incidence of at the least one stroke during the 17year follow-up was 118/858 (13.8%), and for at the least one ischemic heart disease episode, the cumulative incidence was
203/858 (23.7%). Concerning gender, men and women almost
equally developed stroke 60/118 (50.8% men) and ischemic heart
diseases 102/203 (50.2% men). The incidence of stroke per year
was 24.86, which corresponds to 2898 strokes per 100 000 persons and year. The same figures for ischemic heart diseases was
57.2 incidents per year and 6668 per 100 000 and year.
Cox regression analysis was used with periodontitis as an independent variable. Incidence of death, the first event of a stroke or
ischemic heart diseases as the dependent variables were used, adjusted for independent variables: age group, BMI >30, diabetes
type 2, gender, hypertension, a history of acute myocardial infarction (AMI), a history of stroke and smoking. Periodontitis increased the risk for ischemic heart diseases in all individuals
(HR:1.5, CI:1.1-2.1, p=0.017) (Figure 3). If having periodontitis
and being a woman (HR:2.1, CI:1.3-3.4, p=0.002) or having periodontitis and being in the OO age group (HR:1.7, CI:1.0-2.6,
p=0.033) there was also an increased risk for ischemic heart diseas43
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es. In men and in the YO age group no association between periodontitis and ishemic heart diseases could be demonstrated (HR:1.1,
CI:0.7-1.7, p=0.749) respectively (HR:1.3, CI:0.8-2.2, p=0.229).
No association between periodontitis and stroke could be identified. Concerning death periodontitis increased the risk for all cause
mortality in all individuals (HR:1.4, CI:1.2-1.8, p=0.001) (Figure
4). If having periodontitis and being a man (HR:1.5, CI:1.1-1.9,
p=0.006) or in the YO age group (HR:2.2, CI:1.5-3.2, p=0.000),
the risk for death was also increased.

Figure 3. Cox regression curves: 17 year cumulative ischemic heart diseases
survival of the total population, comparing individuals with and without periodontitis.
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Figure 4. Cox regression curves: 17 year cumulative death survival of the total
study population, comparing individuals with and without periodontitis.
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Periodontitis and cardiovascular diseases are both chronic diseases.
It is therefore not surprising that such conditions are more common in older individuals. In part, increasing longevity can be attributed the extensive research resulting in better interceptive care.
Nevertheless, in most cases medical and dental clinicians can alleviate symptoms, prolonging the disease processes and consequences
of disease over an extended time. Changes in diagnostic criteria
over time, changes in therapies, changes in life-style, changes in socio-economic factors, and other confounding factors that may affect the clinical expression of both periodontitis and cardiovascular
diseases are challenging to control for using statistical modelling
alone. Until health sciences have identified a majority of the etiological factors and effects of confounding factors, it may be difficult to go beyond studies considering associations between different disease complexes.
Periodontitis driven by inflammation, like many other diseases, including CVDs (Christodoulidis et al. 2014), has been shown to
trigger subclinical atherosclerosis through an inflammatory process. Atherosclerosis is the main reason for CVDs (Cheng et al.
2006, Desvarieux et al. 2003). One type of atherosclerotic lesion is
the carotid calcification (van Gils et al. 2012), which most often is
identified in Doppler sonography (Denzel et al. 2004). The carotid
calcification can be identified on panoramic radiographs (Friedlander et al. 1994, Cohen et al. 2002, Persson et al. 2002, Ravon et
al. 2003, Tanaka et al. 2006, Kumagai et al. 2007, Lee et al. 2014,
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Friedlander et al. 2015, Bengtsson Wallin et al. 2016, Bengtsson
Wallin et al. 2019) and more often in older individuals (Bengtsson
Wallin et al. 2016, Bengtsson Wallin et al. 2019). In study I, it
could be concluded, that there are only a few well-designed studies
in older individuals investigating carotid calcifications on panoramic radiographs and associations with periodontitis and associations with a history of stroke. The specificity, when identifying carotid calcifications was in most studies high, meaning that the absence of radiographic evidence of carotid calcifications on panoramic radiographs is consistent with negative findings using Doppler sonography. To identify carotid calcifications against Doppler
sonography the sensitivity varied between the different studies.
There was a shortage of longitudinal or clinical follow-up studies,
specifically beyond assessments with Doppler sonography. It is,
therefore, no surprise that one significant meta-analysis 2012 identified that an association between periodontitis and atherosclerotic
heart disease exists independent of known confounders. No studies
have, however, identified a causative relationship (Lockhart et al.
2012).
In a cross-sectional study (Study II) an association between periodontitis and carotid calcifications on panoramic radiographs was
shown. Similar results have been shown in other studies (Persson et
al. 2002, Ravon et al. 2003, Beckström et al. 2007). In two of the
studies (Persson et al. 2002, Ravon et al. 2003), the definition of
periodontitis was; alveolar bone loss > 4 mm between the cementoenamel junction (CEJ) and bone level at ≥ 30% of sites. In
our study a composite definition of periodontitis was used. Although using different definitions of periodontitis, the results indicate a statistical association between periodontitis and carotid calcifications.
In study III, it was demonstrated that individuals with carotid calcifications on panoramic radiographs at baseline, over 10-13 years
developed events of stroke and/or ischemic heart diseases more often than individuals without carotid calcifications and this was especially true in the younger age cohort (YO), 60-72 years. These
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associations also remained when adjusted for confounders. Men
60-72 years, without previous events, had a higher OR of 3.1 to
develop stroke, compared to women. This association may be related to the finding of more carotid calcifications on panoramic radiographs in men. There are several studies demonstrating associations between carotid calcifications on panoramic radiographs and
a history of stroke (Friedlander et al. 1994, Carter et al. 1997,
Lewis et al. 1999, Ravon et al. 2003, Kumagai et al. 2007, Christou et al. 2010). A few prospective studies have also demonstrated
an association between presence of carotid calcifications and stroke
(Cohen et al. 2002, Friedlander et al. 2007, Johansson et al. 2015).
Two studies with a follow-up of approximately 3 years studied
male veterans > 55 years, and found associations between carotid
calcifications on panoramic radiographs and an incidence of MI,
stroke, TIA, revascularization, and angina (Cohen et al. 2002,
Friedlander et al. 2007). Another recent study over 5 years demonstrated that the risk of future vascular events was higher in individuals with carotid calcifications on panoramic radiographs compared to individuals without such signs (Johansson et al. 2015).
This is in line with the results of our study with a follow-up of 1013 years. Our study is, as far as we know, the only long-term-study
with a follow-up time of 10 or more years in individuals 60 years
and older investigating associations between carotid calcifications
on panoramic radiographs and new events of medically diagnosed
stroke and/or ischemic heart diseases. In the YO age cohort with
carotid calcifications, the mean cumulative stroke and/or ischemic
heart disease survival time was approximately 1 year lower and
should be considered clinically significant. Among individuals with
carotid calcifications, more individuals died over time, with an OR
of 2.0 for reasons not known but most likely many died due to
CVD events.
According to the result in study IV, individuals 60 years and older
with periodontitis had a higher risk to die in the 17-year follow-up
period compared to individuals without periodontitis. Approximately half of the individuals died during the long-term follow-up
period, but we do not have access to the reasons for death. The
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main reason for death in the US is coronary heart diseases, and the
second reason is stroke (Benjamin et al. 2018). Accordingly, it is
likely that some individuals in the study had CVD events that resulted in a lethal outcome and therefore no cardiovascular event
was registered and likewise deaths due to CVDs could never be
clarified. In a registerbased study it was demonstrated that periodontitis increased the risk for all cause mortality within 15 years
(Hansen et al. 2016). An association between periodontitis and
mortality in the 60-72 years (YO) was also shown in our study.
Söder et al. (2007) demonstrated that young individuals (30-40
years) with periodontitis and missing molars had an increased risk
for early death over 16 years. Some of the studies have used missing teeth as a proxy for periodontitis since if periodontitis is not
treated or arrested the consequence will be missing teeth and missing teeth due to periodontitis may in a way reflect an inflammatory
burden (Holmlund, & Lind, 2012). Lee et al. (2019) demonstrated
that edentulous individuals had the highest cardiovascular risk.
Periodontitis has been reported as one of the major causes for
tooth loss in adulthood (Natto et al. 2014). It is, however, difficult
to be sure of the reason for missing teeth unless it is clearly reported in the dental record. Bone loss as used in the present study to
define periodontitis is, however, a very strong indicator of that the
patient have had periodontal inflammation and using periodontal
bone loss instead of missing teeth as a proxy of inflammatory burden over time seems more relevant.
The second main finding in study IV was that periodontitis increased the risk for ischemic heart diseases in the total population
over the 17-year. In women with periodontitis, the OR for the incidence of ischemic heart disease was 2.1. This is in agreement with
data from Stramba et al. (2006) reporting that women after the
menopause, have a higher incidence of MI compared to agematched men. There are few other longitudinal studies investigating associations between periodontitis and CVDs. In a 3-year follow-up study by Renvert et al. (2010), including individuals that
already had been diagnosed with ACS, an association between periodontitis and recurrent ACS was shown (Renvert et al. 2010). In
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study IV individuals were randomly selected from the population.
A register-based study with a 15-year follow-up identified that patients with periodontitis reported an increased risk of CVDs (Hansen et al. 2016). In this study, individuals >18 years were consecutively included. A hospital diagnosis of chronic or acute periodontitis, based on ICD codes was registered and also the subsequent incidents of CVDs. Compared to our study the included ages differed
and the definition of periodontitis was more vague with no information regarding the severity. In a Korean nationwide cohort follow-up study of 7.6 years, a dose-dependent association between
missing teeth and incidence of myocardial infarction, heart failure
and ischemic stroke was found, especially in individuals with periodontitis (Lee et al. 2019). The definition of periodontitis was in
the study by Lee et al. (2019) not mentioned and the study individuals included were from 20 years with a history of a CVD event.
Those differences makes this study not comparable to our study.
In study IV the distance between the alveolar bone level and the
CEJ ≥ 5 mm at ≥ 30% of sites on panoramic radiographs was used
as the definition of periodontitis. This definition reflects the effects
of periodontitis. It is reported that progressive periodontitis among
older individuals includes bone loss, attachment loss and progressive gingival recession rather than deep periodontal pockets (Dietrich et al. 2006).
With the above mentioned definition 24.7% of the individuals
were diagnosed as having periodontitis. In other studies the prevalence of periodontitis varies from 33%-70% in older individuals,
all with different criteria for periodontitis and different ages
(Holm-Pedersen et al. 2006, Eke et al. 2012, Norderyd et al. 2012,
Renvert et al. 2013). The prevalence of periodontitis in this study
with an older population was low. Our definition of periodontitis
included a more severe stage of periodontitis as a bone loss of ≥ 5
mm from the CEJ to the alveolar bone level indicates a definitive
bone loss even accounting for the measurement error. A requirement in our definition was also that the bone loss should be present at ≥30% of sites, which corresponds to a general disease dis50
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tribution. Other reasons for the low prevalence of periodontitis can
be that the very sick and immobile individuals were not included in
the study as it was not possible to obtain a panoramic radiograph
at the research centre. While periodontitis is a cumulative disease,
more individuals develop periodontitis with age (Eke et al. 2016).
A prerequisite to having a diagnosis of periodontitis in the present
study was the presence of teeth. An inclusion criterion for being included in the present study was presence of one tooth or more. Individuals affected by periodontitis in younger ages are the most
sensitive individuals with a hyperactive responsive immune and inflammatory system (Fine et al. 2018). The most susceptible individuals with the rapid form of periodontitis progression are often
younger and have probably fewer teeth or are even edentulous with
older ages and therefore were not included in the study. A stronger
association between periodontitis and CVDs has been shown in
younger individuals compared to older individuals (Lee et al. 2019,
Schenkein et al. 2013). This could be one explanation for the lack
of association between periodontitis and incidence of stroke in the
present study, as it concerns older individuals.
A strength with the comprehensive SNAC study is that it has a
long-term follow-up of the individuals. It is valuable that both a
medical and a dental examination were performed with the same
time intervals. The clinical examinations were performed as a full
mouth examination and not as partial examinations of specific
teeth or areas. Partial mouth examinations have been shown to
underestimate the disease (Kingman et al. 2008). Most of the published studies so far are cross-sectional studies. Several other studies have identified associations between periodontitis and CVDs
(Persson et al. 2003, Scannapieco et al. 2003, Renvert et al. 2006,
Kinane et al. 2008, Lockhart et al. 2012, Cullinan et al. 2013, Dietrich et al. 2013). Using a long-term follow-up should increase the
possibility to explore true associations between diseases that may
be overlooked in cross-sectional studies. Not many studies have
this opportunity because they are time-consuming and expensive.
There are also limitations in the present studies. When studying associations in older individuals over a long time, many individuals
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died, leaving fewer, possibly the healthier ones, until the end of the
study period. The most important limitation is, however, the lack
of information on the causes for death. The death register is held
by "The Swedish cause of death register” and was not available for
us to use due to restrictions. Knowing the reasons for death would
have made it possible to improve the accuracy of the associations
between periodontitis and death by CVDs. Both PD and BOP were
registered on a tooth level. The deepest pocket per tooth and presence of bleeding on probing was registered as BOP irrespective of
the number of surfaces. These measurements are broad, and the
BOP index and PD could have been different if it was based on site
level registrations. The diagnosis of periodontitis and the identification of carotid calcifications was based on the baseline examination in 2001, accordingly the progression of periodontitis and carotid calcifications during the follow-up was not monitored.
Panoramic radiography is commonly used in dentistry. Such images, if well exposed, provide a wealth of information that can be
considered both for dental and medical diagnostics. One crucial
factor is that the radiation exposure to the individual from one
such panoramic overview is substantially less as from intra-oral full
mouth series (Ludlow et al. 2008). Signs of carotid calcification
can be detected assuming that the panoramic radiograph covers the
area of interest and that the image focus is correct. The radiographic examination is sometimes hard for the aged individual
with a curvature of the neck, producing technical difficulties, and
sometimes the radiographic image will turn out not readable.
Sometimes, it is not possible to get an optimal image to detect a
possible carotid calcification and at the same time, focus on the
dentition. The consequence might be that two different images
must be obtained. For study purposes and the conditions of ethical
approval, only one image could be taken for presence of carotid
calcifications. This may explain why a rather large number of panoramic radiographs could not be analyzed for the presence of carotid calcifications. In old-old individuals and more often in older
women, it may be very challenging and demanding to take a highquality panoramic radiograph. The panoramic radiographs in the
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present work were taken by trained dental hygienists and not by
dental radiographic technicians. This may also, in part, explain
why approximately 30% of the images could not be evaluated
when studying associations between periodontitis and carotid calcifications, in study II. Worth considering is that in study II, one of
the inclusion criteria was 10 teeth or more which of course also affected the lower number of readable panoramic radiographs. This
was not the case in study III, studying associations between carotid
calcifications and future events. The consequence of this was an
unwanted reduction in the number of observations.
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Just a few well-designed studies in older individuals assessing
carotid calcifications on panoramic radiographs and associations to a history of stroke or associations to periodontitis existed



The sensitivity, when identifying carotid calcifications on panoramic radiographs against Doppler sonography, varied a lot.
The specificity varied but tended, in most studies, to be high



In individuals 60-93 years, periodontitis was more common in
men than in women



Carotid calcifications identified from panoramic radiographs
were found in 37.5%-39.1% of individuals, more often in men
than in women and more often with increasing age



Periodontitis, diagnosed with a combined clinical and radiographic definition, was associated with carotid calcifications
on panoramic radiographs



Signs of carotid calcifications identified on panoramic radiographs were associated with future incidents of stroke and/or
ischemic heart diseases over 13 years follow-up



Individuals with periodontitis had an increased risk to die and
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had an increased risk to develop ischemic heart diseases over
17 years follow-up
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Relevant further research would include a long-term intervention
study, to analyse if medical interventions in patients with presence
of carotid calcifications on panoramic radiographs can reduce the
number of cardiovascular diseases. As cardiovascular diseases may
have severe consequences with disabilities accompanied by less
quality of life, and in the worst case mortality, prevention studies
are essential. Many visit their dentist/dental hygienist regularly.
Since an association between periodontitis and cardiovascular diseases has been found, it would be valuable to study if well designed
preventive dental programs can influence the incidence of cardiovascular diseases in long term studies.
Studying different stages of periodontitis and its associations with
future cardiovascular events as well as analysing if progressive periodontitis is related to the future incidence of cardiovascular diseases could also give additional information on the relationship between periodontitis and cardiovascular diseases.
To better understand the associations between periodontitis and
cardiovascular diseases, studies further exploring the potential etiopathogenic mechanisms are needed.
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When a panoramic radiograph is taken, the inter-vertebral space
between C3 and C4, should be assessed for carotid calcifications
especially if the patient has a diagnosis of periodontitis, is in older
age and male gender

If a carotid calcification on the panoramic radiograph is identified
the patient should be referred for further medical evaluation to
avoid an incident of stroke or ischemic heart disease

Improving periodontal health in older individuals could reduce
overall mortality

A collaboration between physicians and dental professionals would
be helpful to improve clinical management of periodontal and ischemic heart diseases
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Assessment of carotid calciﬁcations on panoramic radiographs in
relation to other used methods and relationship to periodontitis and
stroke: a literature review
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Abstract
Objectives. To assess the literature on carotid calciﬁcations deﬁned from panoramic radiographs (PMX) and concurrent
diagnosis of stroke and periodontitis. Materials and methods. A literature search screening for publications using search
terms such as PMX and carotid calciﬁcation, stroke and periodontitis was performed in November 2012. Results. A total of
189 articles were retrieved, among which 30 were included in the review. The sensitivity for PMX ﬁndings of carotid
calciﬁcations (CC) compared to a diagnosis by Doppler sonography varied between 31.1–100%. The speciﬁcity for PMX
ﬁndings of carotid calciﬁcations compared to a diagnosis by Doppler sonography varied between 21.4–87.5%. Individuals with
CC ﬁndings from PMX have more periodontitis and risk for stroke. Conclusions. There is a shortage of well-designed studies
in older dentate individuals assessing the associations between periodontitis and radiographic evidence of CC and in relation to
stroke or other cardiovascular diseases. Statement of Clinical Relevance. Carotid calciﬁcations are prevalent in patients with
periodontitis and such individuals may have an increased risk for stroke. The absence of signs of carotid calciﬁcation on
panoramic radiographs is indicative of no calciﬁcation of carotid arteries.

Key Words: panoramic radiograph, carotid calciﬁcation, periodontitis, review

Introduction
Atherosclerosis is a chronic inﬂammatory disease with
a multifactorial nature, characterized by thickening and
the loss of elasticity of the arterial walls. Arterial calciﬁcation in major vessel beds outside the brain have
been associated with vascular brain disease and linked
to future risk of dementia and stroke [1]. Atherosclerosis is a systemic vascular process and a major cause of
cardiovascular and cerebrovascular disease. In the US,
stroke is the third leading cause of death [2].
Approximately 85% of all of stroke events are
ischemic in nature and are caused by atheroma in
the internal carotid artery [3]. Carotid artery sclerosis
accounts for 20–30% of ischemic stroke events. Data
have shown that neurologically asymptomatic individuals with more than 50% stenosis of the internal
carotid artery have an elevated risk of developing
stroke [4]. An accumulation of low-density lipoproteins (LDL) occurs in the intimate layer of the

endothelium, culminating in the formation of atheromatous plaque, with superimposition of calcium
deposits. Atheromas are composed of lipids and
ﬁbrous tissue, deposited on blood vessel cell walls
[5]. Many factors pre-dispose to carotid atherosclerosis including: advancing age [6,7], male gender,
hypertension [7], serum levels of low-density lipoprotein (LDL) [8], smoking habits [9], diabetes mellitus
[7,10] and heavy alcohol intake [11].
Data also suggest that chronic infections attribute
to the pathogenesis of atherosclerosis [12]. Periodontitis is a destructive inﬂammatory process of periodontal tissues initiated by primarily gram-negative
bacteria [13]. Periodontitis has been associated with
coronary heart disease and stroke [14–22]. Periodontitis has also been associated with endothelial dysfunction and sub-clinical carotid atherosclerosis
intima media thickness [18,19,21,23,24]. Thickening
of the intima media has been strongly associated with
risk factors for stroke and with prevalent stroke [25].
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Data also suggest that evidence of carotid calciﬁcation
may be related to periodontitis [20,26–28]. There is
currently no scientiﬁc evidence explaining the association between periodontitis and vascular diseases, i.
e. stroke and acute coronary syndrome [29].
Several methods are used to assess arterial calciﬁcation. Plain radiographs, ultrasound-based carotid
intimal-media-thickness assessment, brain magnetic
resonance imaging (MRI) and computer tomography
(CT) are methods that are being used to assess
vascular pathology including calciﬁcations of blood
vessels associated with pathophysiology of vascular
brain disease. Studies have shown that, compared
with ultrasound plaque imaging, quantiﬁcation of
CT calciﬁcation provides additional information in
regard to the ability to detect complex brain vascular
conditions [1]. Angiography is considered the most
accurate method to diagnose atherosclerotic diseases.
While this procedure is invasive, complications may
occur [30–32]. In other medical diagnostics, Doppler
sonography (ultrasonography) methods have been
used as a surrogate gold standard while the results
obtained with this non-invasive imagining method are
similar to those obtained with angiography [33].
Panoramic radiography is a frequently performed
diagnostic tool used in the dental practice. Atheromatous plaques, even in the case of partial calciﬁcations, resulting from the deposition of calcium salts,
can be observed on panoramic radiographs. Calciﬁcations in the area of the carotid artery bifurcation can
be detected on panoramic radiographs in the range of
2–5% of the population [34–41]. Such uni- or bilateral calciﬁcations can present as one or more irregular
radio-opacities eventually punctuated by vertical–linear radiolucent areas. The calciﬁcation is usually
localized ~25 mm posterior and inferior to the mandibular angle and adjacent to the space between
vertebrae C3 and C4. Panoramic radiographs may,
therefore, be suitable for the detection of such atheromatous calciﬁcations [20,34–36,41].
The aim of the present review was to evaluate the
use and value of panoramic radiographs in assessing
carotid calciﬁcations in relation to other used methods (gold standards). A second aim was to assess the
literature on carotid calciﬁcations deﬁned from panoramic radiographs and concurrent diagnosis of
stroke and periodontitis.
To identify studies included in the present review, a
literature search was conducted in November 2012.
The following phrases were used for screening and
selection of studies: (I) (panoramic radiography and
carotid calciﬁcation) OR (panoramic radiography and
carotid calciﬁcations) OR (panoramic radiography
and carotid artery atheroma); (II) (carotid calciﬁcations and stroke and panoramic radiography) OR
(carotid calciﬁcation and dental) OR (carotid calciﬁcation and stroke and panoramic radiography) OR
(carotid calciﬁcations and dental); and (III) (carotid

calciﬁcations and periodontitis and panoramic radiography) OR (carotid calciﬁcation and periodontitis
and panoramic radiography) OR (carotid calciﬁcations and periodontal disease and panoramic radiography) OR (carotid calciﬁcation and periodontal
disease and panoramic radiography) OR (periodontitis and carotid calciﬁcation) OR (periodontitis and
carotid calciﬁcations). Additional references were
found in the literature lists of selected papers.
Papers not written in the English language, case
reports and animal research were excluded. The
abstracts of the publications obtained from the
searches were screened. Searching for articles comparing panoramic radiography to other diagnostic
methods resulted in 116 potential publications,
among which 16 reported on the relationship between
carotid calciﬁcations identiﬁed from panoramic
radiographs and other methods of assessments.
When searching for publications on the association
between carotid calciﬁcation and stroke, 65 potential
publications were retrieved. From these publications
10 studies reported on the associations between
carotid calciﬁcations and stroke. When searching
for publications on the association between carotid
calciﬁcation and periodontitis, eight potential publications were retrieved. After reading the full text of
these publications, four were included in this review.
A summery of ﬁndings on the ability to assess
carotid calciﬁcations on panoramic radiographs in
comparison to other standard procedures to diagnose
carotid calciﬁcations is reported in Table I. Doppler
sonography is often used as the ‘gold standard’ for
diagnosing carotid calciﬁcations and was compared to
diagnosis made on panoramic radiographs in 12 out
of the 16 selected studies.
Two studies compared carotid calciﬁcations diagnosed on panoramic radiography to anterior posterior
projection radiography [36,42]. According to these two
studies [36,42], carotid calciﬁcations and anterior posterior radiography were in concordance in all cases.
Yoon et al. [43] reported that 15% of carotid
arteries were interpreted as calciﬁed on panoramic
radiography vs 41% on computer tomography. This
indicates that the sensitivity to assess carotid calciﬁcation on panoramic radiographs is rather low when
compared to computer tomography. Damaskos et al.
[44] compared digital subtraction angiography to
PMX on carotid level and showed a sensitivity of
60% and a speciﬁcity of 48%.
Sensitivity and speciﬁcity calculations, on a patient
level, were reported in nine of the 17 studies. Thus,
the sensitivity for panoramic radiography ﬁndings of
carotid calciﬁcations compared to a diagnosis by
Doppler sonography varied, on a patient level from
31.1–100% [28,45–51,44]. A limitation for the identiﬁcation of calciﬁcations on panoramic radiographs is
that the area of interest may not be included on the
radiographic image or not detectable due to a low

Methods
Case series
PMX were evaluated for presence or absence of CC by one
clinician and compared to anterior posterior cervical spine
radiographs
CC was deﬁned as: radio-opacities within the soft tissues of
the neck at the level of the lower margin of the third cervical
vertebra
Case series
PMX were evaluated for presence or absence of CC by one
clinician and compared to anterior posterior cervical spine
radiographs
CC was deﬁned as: calciﬁcation in the area of the carotid
bifurcation then underwent radiographic examination of
the anterior posterior view of the cervical spine
Case series
PMX were retrospectively evaluated for presence or
absence of CC by an oral radiologist
A vascular surgeon interpreted DS
CC was deﬁned as; heterogeneous radio opacities in a
vertico-linear orientation adjacent to the hyoid bone,
epiglottis and the cervical vertebrae at or above or below
intervertebral space C3–4 on PMX
Blinded case control study
PMX were evaluated for presence or absence and size of
CC by a periodontist and an oral radiologist
CC was deﬁned as; a radiographic agreement of radio
opacities in the area of C3–C4

Case series
PMX were analyzed by the authors
A radiologist reviewed the DS sonograms
CC was deﬁned as: a radio opaque nodular mass adjacent
to the cervical vertebra at or below the intervertebral disc
level C3–C4
Those with presumptive atheroma’s underwent DS

Patient selection and gender

134 consecutive cases ‡65 years
from a clinic in the US
Men = 132 (91%)
Women = 13 (9 %)
Mean age = 68.2 years

52 female patients, with a history of
amenorrhea > 12 months ago were
recruited from 567 screened cases
treated at a clinic in the US
Women = 52
Mean age = 70 years
Range = 55–90 years

778 consecutive patients, ‡55 years
at a University in the US

83 patients who had received a DS
and periodontal assessment within
36 months at a University clinic in
the US
Men = 40
Mean age = 60 years
Women = 43
Mean age = 64 years

1548 patients > 50 years attending
oral surgery in the US
Men = 1487 (96%)
Women = 61 (3.9%)
Range = 50–79 years

Reference, year

Friedlander [36],
1995

Friedlander and
Altman [42], 2001

Almog et al. [53],
2002

Ravon et al. [28],
2003

Friedlander et al.
[45], 2005

Table I. Carotid calciﬁcations diagnosed on PMX compared to other methods.

65 patients had CC on PMX
DS conﬁrmed all 65 cases
15/65 patients had stenosis > 50%

100% agreement between
PMX and DS

High level of accuracy
between CC on PMX and
DS

Subject characteristics
unknown
Site-based analysis on few
subjects was performed

20 patients with PMX ﬁndings of
CC were evaluated against DS
Of the 40 sides with diagnosed CC
on PMX,
26/40 had carotid artery stenosis
14/40 did not have carotid artery
stenosis on DS
29/83 patients had CC on DS and
32/83 pat had CC on PMX
Odds ratio of agreement CC on
PMX and DS 32.4
Predictive value positive: 83%
Predictive value negative: 74%
Sensitivity: 80%
Speciﬁcity: 83%

Only female pat
Few cases
100% agreement

Only 6 cases examined
100% agreement

Comments

16/52 patients (31%) had CC on
PMX
16/16 in agreement with a
diagnosis on posterior cervical
spine radiographs (100%)

6 patients had CC on PMX
6/6 in agreement with diagnosis on
posterior cervical spine radiographs
(100%)

Results
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Table I. (Continued).

35 patients had CC on PMX
10/35 patients underwent DS
DS detected calciﬁcations 7/
10 patients
True positive: 70%

Mean age, gender, range and
case selection unclear
Unclear who interpreted DS
Few patients included

Case series
PMX were reviewed retrospectively and evaluated for
calciﬁcations in the carotid region
CC was deﬁned as: radio opaque alterations in a verticolinear orientation or below intervertebral space C3–4.

1000 patients ‡50 years at a dental
school in Brazil

Gouvea et al. [49],
2009

Low sensitivity
Low speciﬁcity
Low amounts of
calciﬁcations may explain the
difﬁculties in ﬁnding lesions
in PMX
In all cases, histology conﬁrmed
the presence of calcium
depositions
28/40 patients had CC on PMX
PMX sensitivity 70% on a patient
level and 60% on carotid level
Speciﬁcity 48% (on carotid level)
Predictive value positive: 62%
Predictive value negative: 46%

Case series
Digital subtraction angiography conﬁrmed diagnosis and
the degree of stenosis. Two radiologists evaluated the PMX
images
CC was deﬁned as: radio opaque nodular heterogeneous
radio opacities in a vertico-linear orientation, adjacent to
the cervical vertebra at, above or below the C3–
C4 intervertebral disc level or at an angle of 45 from the
mid angle and present on PMX

40 patients with conﬁrmed CC at a
University clinic in Greece
Men = 31 (77.5%)
Women = 9 (22.5%)
Mean age men = 69 years
Mean age women = 71 years

Damaskos et al.
[44], 2008

Few patients evaluated
Selection criteria unclear
Fair agreement between
PMX and DS

True Positive = 59.4%
True Negative = 28.1%
False Positive = 9.4%
False Negative = 3.1 %

Case series
2 oral radiologists interpreted the PMX images
The DS images were analyzed by a medical ultrasound
specialist
CC was deﬁned as: calciﬁcations in the cervical region
The radiographic ﬁndings of calciﬁcations were compared
to the results of color DS

16 patients from the archives of the
Health Department in Brazil

Comments
Low prevalence of CC
Few patients analyzed with
DS
Mean age and range unclear
Low sensitivity

PMX is not reliable in
identifying carotid artery
calciﬁcation or stenosis when
compared to DS

RomanoSousa et al. [48],
2009

Results
DS conﬁrmed in 8/23 patients a
CC ﬁnding on PMX

22/52 had CC on PMX
14/52 had CC on DS
PMX speciﬁcity = 87.5%
PMX sensitivity = 31.1%
Negative predictive value = 42.5%
(95%CI: 31–55%)
Positive predictive value = 78.7%
(95% CI: 61–90%)

Case series
PMX were evaluated for the presence or absence of CC
and interpreted by a trained oral radiologist (Cohen
k = 0.73 between repeated PMX assessments)
DS analysis was performed by a cardiologist deﬁning
stenosis by a 5 graded scale
CC was deﬁned as: any detectable calciﬁcations on PMX.

52 patients ‡18 years who recently
had carotid DS examination at a
University clinic in the US
Men = 32 (61.5%)
Women = 20 (38.5%)
Mean age = 66.6 years ± 11.6 years
Range = 29–88 years

Madden et al. [47],
2007

Methods
Case series
PMX were retrospectively evaluated for presence or
absence of CC by a radiologist
CC was deﬁned as: one or more radio opaque mass
adjacent to the cervical vertebrae at or below the
intervertebral space between C3 and C4 on PMX
88 patients had CC on PMX
23 patients with CC on PMX consented to DS

Patient selection and gender

4106 patients ‡40 years randomly
chosen from the computer
database at a University clinic in
Turkey
Men = 1678 (41%)
Women = 2428 (59%)

Bayram et al. [46],
2006

Reference, year
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117 patients without previous
cerebrovascular event at a
University Clinic, Sweden
Age range: 18–74 years

Johansson et al.
[58], 2011

Case series
PMX were interpreted for calciﬁcations in the area of the
carotid arteries by two oral radiologists
DS examinations were performed by experienced vascular
sonographers

Case control study
PMX were evaluated for the presence or absence of CC
studied by 2 oral radiologists
Patients whose PMX showed CC were included in the
study group 70/105
Patients without CC 35/105 were included in the control
group
CC was deﬁned as: a single discrete radio opaque nodular
mass within the soft tissues of the neck located 1.5 cm
inferior and 2.5 cm posterior to the cortical rim of the midpoint of the md angle
Those with CC on PMX were referred to DS

105 patients > 40 years University
clinic in Turkey
Men = 38 (36.2%)
Women = 67 (63.8%)

Ertas and Sisman
[50], 2011

117 patients with evidence of CC
on PMX and on anterior–posterior
projections were identiﬁed
DS conﬁrmed calciﬁed
atherosclerotic lesion in 108/109 of
the patients

70/105 patients had CC on PMX
in 103/210 arteries
64/105 patients had CC by DS and
in 104/210 arteries
PMX sensitivity = 80%
PMX speciﬁcity = 81%

226 patients had CC on PMX
No statistically signiﬁcant
association between CC detected
on PMX and the presence of a
signiﬁcant carotid stenosis (> 25%)
or the degree of carotid stenosis on
DS (kappa analysis) (k = 0.08)

Case series
PMX were taken and evaluated for the presence or absence
of CC
The degree of carotid stenosis was measured by DS

Hoke et al. [57],
2010

33/220 carotid arteries had CC on
PMX and 90/220 on CT scans
Sensitivity = 22%
Speciﬁcity = 90%
Positive predictive value: 61%
Negative predictive value: 63%

411 patients randomly selected
with pre-existing cardiovascular
disease in Austria
Men = 271 (66%)
Women = 140 (34%)
Mean age = 69 years
Range = 62–76 years

14 ischemic stroke patients at a
University hospital in Switzerland
Men = 7 (50%)
Women = 7 (50%)
Mean age = 71 years ± 10 months

Christou et al. [27],
2010

Case series
220 carotid arteries were evaluated
CC was deﬁned as: heterogeneous radio
opacities in a vertico-linear orientation adjacent to the
hyoid bone, epiglottis and the cervical vertebrae either
above or below the intervertebral space between C3 and C4
CT scans were interpreted by a neuro-radiologist

Results

Using DS 21 arteries were
diagnosed with CC
15/21 were diagnosed on PMX

110 patients at a University Clinic
in Korea
Men = 66 (60%)
Women = 44 (40%)
Mean age = 65.2 years
Range = 50–82 years

Yoon et al. [43],
2008

Methods

Case series
PMX were taken and evaluated for presence or absence of
CC by two dentists
CC was deﬁned as: an area that extended 1.5 cm inferior
and 2.5 cm posterior of the cortical rim of the mid-point of
the md angle on PMX
DS was taken from all patients

Patient selection and gender

Table I. (Continued).

Reference, year

Information on gender not
reported
DS calciﬁed atherosclerotic
lesion was found in 99% of
the patients with

All arteries showing clinically
signiﬁcant stenosis in DS
were also diagnosed by PMX
as having CC
High level of sensitivity and
speciﬁcity

Patients with pre-existing
cardiovascular disease
Sensitivity and speciﬁcity not
reported
PMX ﬁndings on CC have
no clinical consequence

Few patients
Unclear who interpreted DS
Fair sensitivity
All 14 stroke patients had CC
on PMX

Unclear patient selection
Low sensitivity
High speciﬁcity

Comments
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Large number of patients
were screened but few cases
studies due to exclusion
criteria
CC on PMX conﬁrmed in
80% of the cases

CC, Carotid calciﬁcation; DS, Doppler sonography; PMX, Panoramic Radiograph; TIA, Transient Ischemic Attack.

15/960 patients had CC on PMX
12/15 patients had CC identiﬁed
by DS
Sensitivity: 80%
Case series
PMX were evaluated by an oral radiologist for the presence
or absence of CC
CC was deﬁned as: one or more heterogeneous radio
opacities in a
vertico-linear orientation adjacent to the cervical vertebrae
at or below the intervertebral space C3–C4
960 patients > 40 years at a
University Clinic in Iran
Men = 436 (45.4%)
Women = 524 (54.6%)
Mean age = 55.5 ± 10.6 years
Imanimoghaddam
et al. [51], 2012

Comments
Results
Methods
Patient selection and gender
Table I. (Continued).

calciﬁcations of the carotid
arteries
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Reference, year
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degree of calciﬁcation [52]. Thus, it is critical that the
area of interest is properly projected.
The speciﬁcity for panoramic radiography ﬁndings
of carotid calciﬁcations compared to a diagnosis by
Doppler sonography varied from 21.4–87.5%
[28,47,50]. Thus, the speciﬁcity is higher than the
sensitivity, indicating that a negative diagnostic ﬁnding on a routine panoramic radiograph should be
considered as an indication of no carotid stenosis,
assuming the area of interest is available for analysis.
A positive ﬁnding should be viewed with scrutiny to
prevent false interpretations. If warranted, further
medical attention is needed. It should also be pointed
out that not all calciﬁcations imply signiﬁcant stenosis
and not all atherosclerotic lesions are calciﬁed [53].
The associations between carotid calciﬁcations as
deﬁned from panoramic radiographs and stroke are
reported from 10 studies (Table II). In a majority of
the studies, carotid calciﬁcations were detected in a few
cases, limiting the power of the studies. For example, in
the study by Kumagai et al. [54] with 2374 individuals,
only 95 of these individuals had evidence of carotid
calciﬁcation on PMX. Among these individuals, only
eight of them had a history of stroke. Similarly, in the
publication by Lewis and Brooks [55] only 9/1156 individuals had evidence of carotid calciﬁcation on PMX.
None of these individuals had a history of stroke. In
contrast, in the publication by Persson et al. [20], 198/
1064 patients had evidence of carotid calciﬁcation on
PMX. The study population included study individuals
‡60 years and the authors reported a high level of
association between carotid calciﬁcation on PMX
and a history of stroke [20]. In contrast, only 15%
were ‡55 years in the previously reported study [55]. In
seven of the studies selected fewer than 10 individuals
with stroke were identiﬁed. In two studies [38,55] the
mean age of the patients was lower than age 50, limiting
the possibilities of detecting carotid calciﬁcation on
PMX and that the patients should have a history of
stroke at that age. In the study by Christou et al. [27]
based on a limited number of individuals with a history
of stroke (n = 14) all of them demonstrated evidence of
carotid calciﬁcation on PMX. Based on a limited
number of studies with sufﬁcient number of study
individuals at potential risk for stroke, radiographic
evidence of carotid calciﬁcation may indicate individuals at risk for stroke. Thus, studies to assess the
presence of carotid calciﬁcation on panoramic radiographs and how such ﬁndings are related to cerebrovascular events should primarily be performed,
including individuals at risk for such events. If studies
are performed in populations with a low likelihood of
carotid calciﬁcation the diagnostic speciﬁcity of panoramic radiography to detect such calciﬁcations would
approach 100% and with the reverse for test sensitivity.
Studies on the association between carotid calciﬁcations deﬁned from panoramic radiographs and a
diagnosis of periodontitis are presented in Table III.

Patient selection and gender

19 patients, Veterans
Administration, US
Treatment for a cerebrovascular
accident
Men only
Mean age = 66 years
Range= 51–78 years

Consecutive patients attending a
University Clinic, US
1175 patients
Men = 573 (45.7%)
Women = 602 (54.3%)
Mean age = 40.1 years

Random sample of PMX collected
Veterans Administration, US
1879 PMX
Only men > 55 years of age

1409 patients with PMX, Veterans
Administration, US
Mean age = 66 years
Male patients

2374 patients
receiving treatment in an oral
surgery clinic, Japan
Men = 915 (38.5%)
Women = 1459 (61.4%)
Range = 2–92 years

1156 patients admitted to
Emergency University Clinic with
PMX, US
Men = 554
Women = 602
Mean age = 32 years

Reference, year

Friedlander et al.
[35], 1994

Carter et al. [38],
1997

Cohen et al. [59],
2002

Friedlander and
Cohen [60],
2007

Kumagai et al.
[54], 2007

Lewis and
Brooks [40],
1999

Table II. Carotid calciﬁcations on PMX and stroke.

Case report
PMX were evaluated for the presence or absence of CC by
one author
CC was deﬁned as: visualization of cervical spine presence
of radiographic artifacts and abnormal radio opacity in the
region of the right and left common carotid artery
Medical chart review

Case series
CC evaluated from PMX by two examiners
CC was deﬁned as: a radio opaque nodular mass
independent of the hyoid bone, adjacent to the cervical
vertebra at or below the C3–C4 intervertebral disc level
The medical history was reviewed

Longitudinal case-series
CC evaluated from PMX
CC was deﬁned as: an area of interest extending 2.5 cm
inferior and 2.5 cm posterior to the cortical rim of the midpoint of the mandibular angle
Medical chart review for TIA/strokes

Longitudinal case series (follow-up 3.6 years)
CC identiﬁed on PMX
CC was identiﬁed as: an area of interest that extended
1.5 cm inferior and 2.5 cm posterior to the cortical rim of
the mid-point of the mandibular angle, using a viewing box
Charts were reviewed for pre-existing vascular events

Case series
PMX were evaluated for the presence or absence of CC by
an oral radiologist
CC was deﬁned as: radio-opacities inferior to the angle of
the mandible across from the superior border of the thyroid
cartilage opposite the C3 or C4 vertebral bodies
All patients were interviewed about their medical history in
regards to stroke

Case series
PMX were evaluated for presence or absence of CC by one
clinician
CC was deﬁned as a radio-opaque nodular mass adjacent
to the cervical vertebra at or below the intervertebral disc
level C3–C4
Medical charts were reviewed

Methods

Only male patients
Unclear who evaluated PMX
7% (5) patients with CC on
PMX developed stroke
Most patients with CC had
multiple risk factors

71/1879 patients had CC on PMX
In patients with CC on PMX:
29/71 had cerebrovascular events during
follow-up
Stroke 5/29
TIA 2/29

9/1156 patients had CC on PMX
None of the patients had a history of stroke

95/2374 patients had CC on PMX
40/2374 had a history of stroke
8/40 had CC and stroke
The relationship between CC and history of
stroke (p < 0.001)

Large study population, case
series, few cases identiﬁed
with CC. None of these
patients had a history of
stroke

There is a relationship
between PMX evidence of
CC and a history of stroke

Approximately 20% with CC
ﬁnding on PMX have or will
experience TIA

Even gender distribution low
mean age
One case identiﬁed among
PMX CC positive cases
No data on stroke among
PMX negative patients
identiﬁed

42/1175 patients had CC on PMX
In patients with CC on PMX:
1/42 of the patients with CC on PMX had a
history of TIA:s or prior cerebrovascular
accident

46/1409 patients had CC on PMX
In patients with CC on PMX:
5/46 patients had a history of stroke/TIA. At
a later time another 5 patients had a stroke/
TIA for a total of 10/46 patients
Mean time to an adverse event 2.9 years

Patients with cerebrovascular
accidents
Few patients
Only male patients
PMX evaluation with low
sensitivity

Comments

7/19 patients had CC on PMX
Sensitivity: 36.8
In patients with CC on PMX:
5/7 had a history of TIA
2/7 had a history of stroke

Results
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2568 patients at an oral surgery
University clinic, Japan
Men = 1221 (47.5%)
Women = 1347 (52.5%)
Mean age = 62.2 years
Range = 50–70 years

659 patients
80-year old residents, Japan
Men = 262 (39.7%)
Women = 397 (60.3%)

14 patients with
Ischemic stroke University
Hospital Switzerland and with DS
recordings
Men = 7 (50%)
Women = 7 (50%)
Mean age = 71

Ravon et al. [28],
2003

Tamura et al.
[61], 2005

Tanaka et al.
[62], 2006

Christou et al.
[27], 2010

Case series
PMX were evaluated for the presence or absence of CC by
two dentists
CC was deﬁned as: an area that extended 1.5 cm inferior
and 2.5 cm posterior of the cortical rim of the mid-point of
the md angle

All 14 stroke cases had PMX evidence
of CC
Sensitivity: 100%
15/21 CC on individual left/right sides
detected on DS and also found on PMX
Sensitivity: 71.4%

Few individuals
High degree of PMX
detection on a subject-based
level in those with a history of
stroke

Old individuals were studied
CC on PMX had a low
predictive value in identifying
those at risk for
cerebrovascular disease.

33/657 individuals had CC on PMX.
In patients with CC, 3/33 had a history of
cerebrovascular disease. In patients without
CC, 10/626 had cerebrovascular diseases
(p < 0.05)
191 individuals completed a second
examination 8/191 had CC at baseline
None of the 8 individuals with CC
experienced a cerebrovascular incidence
during follow-up, whereas 10/183 without
CC had such events

Case series
PMXs were retrospectively evaluated for the presence or
absence of CC by one expert radiologist
CC was deﬁned as: a radio opaque nodular mass adjacent
to the cervical vertebrae at or below the intervertebral space
between C3 and C4
Baseline and 5-year follow-up examination
Second examination years 5:
occurrence of the same vascular events were collected from
191 of the individuals
Causes of death were evaluated in 108 individuals who had
died within 5 years after baseline examination

Large number of individuals
studied, few cases with CC
and very few reported with
cerebrovascular
complications

106/2568 patients had CC on PMX
In patients with CC on PMX:
2 patients died within 3.5 years from
cerebrovascular disease

Case series
PMXs were retrospectively evaluated for the presence or
absence of CC by three clinicians
CC was deﬁned as: a radio-opaque nodular mass adjacent
to the cervical vertebrae at or below the intervertebral space
C3 and C4
Medical records and follow-up interviews with patients
having CC

Comments
Absence of CC on PMX had
a high likelihood of no history
of stroke

Results
5/29 patients with CC had a history of stroke
None of the 54 patients without CC had a
history of stroke

Methods
Blinded case control study
PMX were evaluated for presence or absence and size of
CC by a periodontist and an oral radiologist
CC was deﬁned as; a radiographic agreement of radio
opacities in the area of C3–C4

CC, Carotid calciﬁcations; PMX, Panoramic Radiograph; TIA, Transient Ischemic Attack.

Patient selection and gender

83 patients with a DS assessment
with or without positive results
were identiﬁed from clinical
records at a University clinic, US

Reference, year

Table II. (Continued).
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201 pre-treatment cancer
patients
Men = 63 (31.3%)
Women = 138 (68.6%)
Mean ag e= 52.1 years
Range = 11–87 years

1064 patients from Seattle,
US and Vancouver, Canada
Men = 485 (45.6%)
Women = 579 (54.4%)
Mean age = 67.2 ± 4.7 years
Range = 60–75 years

83 patients who had received
a DS and periodontal
assessment within 36 months
at a University clinic in the
US
Men = 40
Mean age = 60 years
Women = 43
Mean age = 64 years

824 patients from a dental
practice in Germany
Men = 349 (42%)
Women = 475 (58%)
Mean age= 48.32 ±
16.52 years

Beckström et al.
[26], 2007

Persson et al. [20],
2002

Ravon et al. [28],
2003

Tiller et al. [56],
2011

CC on PMX was evaluated by two
examiners
CC was deﬁned as: a vertically aligned
radiopaque nodular structure
appearing adjacent to the cervical
vertebral space C3–C4
The extent of alveolar horizontal bone
height was assessed using an index
system 0–3
CC on PMX were evaluated by a
periodontist and an oral radiologist
CC was deﬁned as: a radiographic
agreement of radio opacities in the
area of C3–C4

Pocket depth ‡5 mm
Clinical attachment level
‡4 mm
Bone loss on PMX = the
distance between the bone
level and the CEJ
‡4 mm

If ‡30% of the teeth had a
distance cement–enamel
junction to bone level ‡4 mm

CC on PMX were examined by a
calibrated investigator
Bone loss level = dividing the
maximum bone loss by root length
Bone loss/Age Index = Dividing the
bone loss value by patient age

CC on PMX were evaluated by an oral
radiologist
CC was deﬁned as: measures of soft
tissue triangles anterior to the third
and fourth cervical vertebrae. Carotid
regions of interest were zoomed
Alveolar bone loss was measured on
Digital PMX as root length from CEJroot tip. Distance from CEJ-alveolar
crest minus 1 was divided by the root
length and multiplied by 100 (PRI
index)

> 1 mm bone loss on PMX

Periodontal risk according
to: distance CEJ–bone, in
relation to patient age
including a bone loss factor
for missing teeth
(low, moderate, high)

Methods

Deﬁnition of periodontitis

CC, Carotid calciﬁcations; DS, Doppler sonography; PMX, Panoramic radiography.

Patient selection and gender

Reference, year

Table III. Carotid calciﬁcations on panoramic radiographs and periodontitis.

74/824 patients had CC on PMX
In patients with low risk of
periodontitis 9/282 had CC
In patients with moderate
periodontitis risk 33/335 had CC
In patients with high periodontitis
risk 32/107 had CC

32/83 patients had CC on PMX
29/32 patients had CC on DS
24/29 of the DS positive subjects
had periodontitis
6/54 of DS negative subjects had
periodontitis
The odds ratio that patients with
periodontitis had CC was
38.4 (95% CI: 10.6–138.7,
p < 0.001)

181/1064 patients had CC on
PMX
Alveolar bone loss in 516/
1064 patients
Odds ratio association
periodontitis and CC was 2.1 (95%
CI: 1.3–3.2, p < 0.001)

23/47 patients had unilateral CC
from PMX and with 24.2%
alveolar bone level.
24/47 patients had bilateral CC
from PMX and with 25.7%
alveolar bone level
Patients with no CC – 10.4%
alveolar bone level and signiﬁcantly
different from those with uni or
bilateral CC

Results

Statistical analysis failed to show a
signiﬁcant association
between periodontitis risk and CC

A dose–response relationship
between the size of CC and the
severity of periodontitis was
identiﬁed on PMX

Signiﬁcant association between
periodontitis and CC

Pre-treatment cancer patients
Signiﬁcant correlation CC - ABL
loss

Comments

Carotid calciﬁcation and periodontitis
409

410

V. W. Bengtsson et al.

Four studies were retrieved. When periodontitis was
deﬁned as alveolar bone loss > 4 mm between the
cement–enamel junction and bone level at ‡30% of
sites, a dose–response relationship between the size of
the carotid calciﬁcation and the severity of periodontitis on panoramic radiographs was reported [28].
Using the same deﬁnition of periodontitis,
Persson et al. [20] also reported an association
between carotid calciﬁcation on panoramic radiographs and periodontitis. In individuals with periodontitis, deﬁned as > 1 mm bone loss on a
panoramic radiograph, 25.7% of individuals with
bilateral carotid calciﬁcations had periodontitis compared to 10.4% among those without carotid calciﬁcations [26]. In contrast, Tiller et al. [56] failed to
show a signiﬁcant periodontitis risk and radiographic
evidence of carotid calciﬁcation on PMX when multivariate regression analysis was performed. It should
also be recognized that the study by Tiller et al. [56]
studied the risk of periodontitis and not a diagnosis of
periodontitis.
Although it requires training to detect calciﬁcations
on panoramic radiographs, analysis of panoramic
radiographs for carotid calciﬁcation made under optimal conditions with the help of view boxes and
magnifying lenses could be a useful tool in assessing
individuals at risk for stroke. The use of digital images
could also enhance the ability to detect carotid calciﬁcations. A shortcoming with digital panoramic
images is the reduced dimensions resulting in that
such images often do not include the area of interest
for detection of carotid calciﬁcations. On the other
hand, digital radiographs can be adjusted for contrast.
Color enhancement through computer programs may
also facilitate the detection of radio-opacities, suggesting calciﬁed carotid arteries.
Conclusions
The study designs, selection and number of study
individuals and the age of the included individuals
differed among the studies, making it difﬁcult to draw
any deﬁnite conclusions. The results of the present
literature review indicate, though, that carotid calciﬁcations are more frequently found in panoramic
radiographs from older individuals and that periodontitis as evidence of alveolar bone loss was more often
identiﬁed among individuals with radiographic evidence of carotid calciﬁcations. The sensitivity of panoramic radiographs to identify carotid calciﬁcations
against Doppler sonography is in most studies low.
The absence of radiographic evidence of carotid calciﬁcation on PMX is consistent with negative ﬁndings
using Doppler sonography and, thus, the speciﬁcity is
high. A positive diagnostic ﬁnding on a routine panoramic radiograph suggests further medical attention.
There is a shortage of well-designed studies in older
dentate individuals assessing the associations between

periodontitis and radiographic evidence of carotid
calciﬁcation on panoramic radiographs and with a
further relationship to a history of stroke or other
cardiovascular diseases. The majority of the studies
available for review can be considered as case series
and there are few, if any, published longitudinal data
or clinical follow-up studies beyond assessments with
Doppler sonography and angiography.
Declaration of interest: The authors report no
conﬂicts of interest. The authors alone are responsible
for the content and writing of the paper.
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Abstract
Objective. To evaluate if the presence of periodontitis is associated with carotid arterial calciﬁcations diagnosed on panoramic
radiographs in an elderly population. Materials and methods. Study individuals were randomly selected from the Swedish
civil registration database representing the aging population (60–96 years) in Karlskrona, Sweden. Bleeding on probing (BOP)
and the deepest probing measurement at each tooth were registered. The proportions of teeth with a probing depth ‡5 mm and
the proportion of teeth with bleeding on probing were calculated. Analog panoramic radiographs were taken and the
proportion of sites with a distance ‡5 mm between the alveolar bone level and the cement–enamel junction (CEJ) were
assessed. A diagnosis of periodontitis was declared if a distance between the alveolar bone level and the CEJ ‡5 mm could be
identiﬁed from the panoramic radiographs at >10% of sites, probing depth of ‡5 mm at one tooth or more and with BOP at
>20% of teeth. Results. Readable radiographs were obtained from 499 individuals. Carotid calciﬁcation was identiﬁed in
39.1%. Individuals were diagnosed with periodontitis in 18.4%. Data analysis demonstrated that individuals with periodontitis
had a higher prevalence of carotid calciﬁcations (Pearson x 2 = 4.05 p < 0.05) and with a likelihood of 1.5 (95% CI = 1.0, 2.3,
p < 0.05). Conclusions. Data analysis demonstrated a signiﬁcant association between periodontitis and carotid calciﬁcation.
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Introduction
Over the past decades, the lifespan in Western societies
has steadily increased. The main cause of serious
illness or death has shifted from acute infections to
chronic diseases [1,2]. In developed countries cardiovascular diseases (CVD) comprise a variety of heart
and vascular conditions and are responsible for ~30%
of all cases of mortality [1]. Atherosclerosis is the
primary reason for myocardial infarction, stroke and
thromboembolic events. Development of atherosclerosis is a lifelong process, starting in early childhood,
with clinical manifestations many years after [3]. Atherosclerotic disease is common in the area where the
carotid artery bifurcates into the internal and external
carotid arteries [4]. It is widely accepted that age,
gender, high blood pressure, smoking, dyslipidaemia
and diabetes are major risk factors for the development

of cardiovascular disease [5]. Chronic inﬂammation
may also result in atherosclerosis and is considered a
risk factor for cardiovascular disease [6,7].
Over the last 10 years, epidemiological studies have
focused on potential associations between chronic
oral infections and cardiovascular disease. In a systematic review assessing the incidence of cardiovascular events a statistically signiﬁcant increased risk for
atherosclerotic cardiovascular disease was reported in
individuals with periodontitis [8]. Periodontitis is a
bacterially-induced, chronic inﬂammatory disease
that destroys connective tissues and alveolar bone,
resulting in tooth loss [9].
Periodontitis may result in bacteraemia. The bacteria may invade the endothelial layer and further
spread into deeper tissue and activate the host inﬂammatory response by multiple mechanisms [10,11].
Atheromas can grow due to macrophage-secreted
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growth factors mediating smooth muscle cell proliferation [7]. Data have shown that patients with
periodontitis have higher C-reactive protein values
(hs-CRP) in serum indicating a generalized inﬂammatory effect of the disease [12–14]. Periodontitis has
been associated with endothelial dysfunction and subclinical carotid atherosclerosis (intima media thickness) correlating with future cardiovascular disease
events including stroke [15–21] and it has also been
demonstrated that an infection with major periodontal pathogens is associated with a future stroke [22].
Carotid artery calciﬁcation can be identiﬁed on
panoramic dental radiographs [23–27]. Data suggest
that periodontitis may be related to evidence of
carotid calciﬁcation [28–32]. A recent literature
review reporting on the associations between periodontitis and carotid calciﬁcation on panoramic dental radiographs concluded that periodontitis was more
often identiﬁed among individuals with radiographic
evidence of carotid calciﬁcation. This literature
review also indicated that carotid calciﬁcation is
more frequently found in panoramic dental radiographs from older adults [33].
The objective of the present study was to evaluate if
periodontitis is associated with the presence of carotid
arterial calciﬁcations diagnosed on panoramic radiographs in an elderly population.
Materials and methods
Individuals
The Regional Ethics Committee Lund, Sweden,
approved the study (LU 605-00, LU 744-00). All
enrolled participants signed an informed consent
form. Details of the study population have been
presented elsewhere [34–36]. Study individuals
were randomly selected from the Swedish civil
registration database representing the aging population (60–96 years) in Karlskrona community, Sweden.
The enrolment of study individuals occurred between
2001–2004. Study individuals were invited by mail.
The study samples were selected randomly in age
cohorts of 60, 66, 72 and 78 years. In the age cohorts
of 81, 84, 87, 90, 93 and 96 years, all inhabitants
were included. Study individuals were divided into
sub-groups in the age cohorts between 60–72 years
(young-old) and individuals between ages 78–96 years
(old-old).
In the present report, dentate individuals with
>10 teeth and with panoramic radiographs allowing
for analysis of the area of interest for detection of
carotid calciﬁcation were included.
Dental examinations
Two experienced dental hygienists performed
routine clinical dental examinations. Periodontal

probes (CP-12 probes, Hu-Friedy Inc. Chicago,
IL) were used to measure probing depths (PD) at
four sites of all existing teeth including fully erupted
third molars. Within each individual, the presence of
bleeding or not, and the PD value using the value at
the site of each tooth with the deepest PD was used to
calculate the proportions of teeth with a probing
depth ‡ 5 mm and the proportion of teeth with
bleeding on probing.
Analog panoramic radiographs (Orthopantomograph OP 100, Instrumentarium, Tuusala, Finland)
were taken with a standard exposure of 75 kV/
10 mA. The extent of alveolar bone loss was measured at the mesial and distal aspects of existing
teeth (third molars not included). The number of
inter-proximal sites that could be assessed from the
panoramic radiographs was used to calculate the
proportion of sites with a distance ‡5 mm between
the alveolar bone level and the cement–enamel
junction (CEJ). A millimeter graded transparent
plastic ruler, a 2 magniﬁcation viewer and a light
view box source provided the conditions by which
the distances between the alveolar bone level and
CEJ were measured. An independent experienced
examiner (REP) masked to the information about
medical and dental information, gender, age
and survival status performed all the radiographic
measurements.
Reliability measurements were made for double
reading of X-rays. The ICC correlation coefﬁcient
between the two observer measurements for the distance between the apex and CEJ was 0.93 (95%
CI = 0.91–0.96, p < 0.01) and was based on a total
of 91 observations, with a mean difference of 0.94 mm
(SD = ±1.3).
The periodontal diagnosis was deﬁned by the
extent of bone level loss, probing depth (PD) and
bleeding on probing (BOP). Thus, a diagnosis of
periodontitis was declared if a distance between the
alveolar bone level and the CEJ ‡5 mm could
be identiﬁed from the panoramic radiographs presented at >10% of sites, PD of ‡5 mm at one tooth
or more and with bleeding on probing at >20% of
teeth.

Statistical methods
The data were analyzed using descriptive statistics.
Independent t-tests (equal variance not assumed)
and non-parametric tests (Mann–Whitney U-test)
were performed to assess group differences. The
data were also analyzed using Pearson’s x 2 test
and Mantel–Haenszel common odds ratio. Statistical signiﬁcance was declared at p < 0.05. The SPSS
PASW 22.0 statistical software (SPSS Inc.,
Chicago, IL) for an Apple computer was used in
the analysis.
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Table I. Comparisons between the young-old and the old-old age cohorts with >10 teeth.
Young-Old (n = 433)

Variable

Old-Old (n = 281)

Signiﬁcance

Remaining teeth, n

23.0 ± 4.4

18.7 ± 5.0

BoP (%)

24.1 ± 21.4

27.1 ± 24.2

p < 0.001

Periodontitis
Composite deﬁnition (%)

Positive

Negative

Positive

Negative

16.2

83.8

26.0

74.0

Carotid calciﬁcation (%)

Positive

Negative

NR*

Positive

Negative

NR*

23.1

44.6

32.3

33.7

39.5

26.7

p = 0.10
c2 =10.1
p < 0.001
OR = 1.8, 95%
CI = 1.3, 2.6,
p < 0.001
c2 = 7.3
p < 0.01
OR = 1.7, 95%
CI = 1.2, 2.4
p < 0.01

* Non Readable (NR) radiographs were not included in the x2 analysis.

Results
The present study included 714 individuals with
‡10 teeth as assessed from the panoramic radiographs.
The area of interest for detecting carotid calciﬁcations
was not readable on 215 radiographs (30.1%), leaving a
total of 499 individuals (313 women; 62.7%) in the
study. Thus, the study included 293 (58.7%) in the age
cohort between 60–72 years (young-old) and
206 (41.3%) individuals between ages 78–93 (oldold). On average, study individuals had 21.3 remaining
teeth (SD = ±5.1). The average proportion of teeth with
BOP was 25.3% (SD = ±22.6%). A positive ﬁnding
suggesting carotid calciﬁcation was identiﬁed in 195/
499 individuals (39.1%). Using the composite deﬁnition of periodontitis, 91 out of the 499 individuals had a
diagnosis of periodontitis (18.4%).
Differences in relation to age and gender
Results from the data analysis for the comparisons
between the young-old and old-old cohorts are presented in Table I. Statistical analysis failed to demonstrate differences in BOP by age category. The
prevalence of periodontitis as deﬁned above was
higher in the older cohort (Pearson x2 = 10.1,
p < 0.001) with a likelihood of 1.8 (95% CI = 1.3,
2.6, p < 0.001). A diagnosis of periodontitis was
higher among men (Pearson x2 = 12.9, p < 0.001)
with a likelihood of 2.0 (95% CI = 1.4, 2.9, p < 0.001).
Based on panoramic readings, the older cohort had
signiﬁcantly more signs of carotid calciﬁcation with a
likelihood of 1.7 (95% CI = 1.1, 2.4, p < 0.01). In the
younger age cohort, signs of carotid calciﬁcation were
signiﬁcantly higher among men (Pearson x 2 = 5.2,
p < 0.05) with a likelihood of 1.8 (95% CI = 1.1, 2.9,
p < 0.05). Males had more evidence of carotid calciﬁcations than women (Pearson x2 = 4.6, p < 0.05),
with a likelihood of 1.5 (95% CI = 1.0, 2.2, p < 0.05).

Relationship between periodontitis and the evidence of
carotid calciﬁcation
Data analysis demonstrated that individuals with periodontitis had a higher prevalence of carotid calciﬁcations (Pearson x2 = 4.05 p < 0.05) and with a
likelihood of 1.5 (95% CI = 1.0, 2.3, p < 0.05).
Discussion
The present study has shown that there was a significant association between periodontitis and carotid
arterial calciﬁcations as measured on panoramic
radiographs in this aging population (60–96). The
prevalence of periodontitis as well as signs of carotid
calciﬁcation was higher in the older cohort. Using the
composite deﬁnition of periodontitis, 18.4% had a
diagnosis of periodontitis and with higher likelihood
among men. This observation is consistent with other
studies demonstrating worse periodontal conditions
among men [37,38]. In a recent publication by
Kassebaum et al. [39] severe periodontitis was
reported to be the sixth most prevalent condition in
the world and the prevalence of periodontitis was
reported to increase with age. Depending on the
criteria used to deﬁne periodontitis, the prevalence
of periodontitis in the US varies between 12–76%
[38,40]. A past experience of periodontitis can be
assessed by attachment loss and/or loss of alveolar
bone, whereas assessment of present disease requires
additional measurement such as BOP and PD. A high
agreement between panoramic radiographs, periapical radiographs and posterior bite-wing radiographs
with regards to periodontal bone height measurements has been demonstrated [41,42].
Data from ‘The National Health and Nutrition
Examination Survey (NHANES) 2009–2010’
reported the prevalence of moderate and severe periodontitis in the adult American population to be
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38.5%. Periodontitis was based on clinical parameters
into (1) severe periodontitis, as the presence of two or
more interproximal sites with ‡6 mm attachment level
(AL) and one or more interproximal site with ‡5 mm
PD; (2) moderate periodontitis, as two or more interproximal sites with ‡4 mm AL or two or more
interproximal sites with PD ‡5 mm; or (3) mild
periodontitis, deﬁned as two or more interproximal
sites with ‡3 mm AL and two or more interproximal
sites with ‡4 mm PD or one site with ‡5 mm [40].
The deﬁnition of periodontitis used in the present
study combined clinical parameters PD >5 mm at one
or more teeth, radiographic parameters as a distance
between bone level and the CEJ ‡5 mm at >10% of
sites and with BOP at >20% of teeth. In spite of these
more strict criteria for periodontitis, 18.4% of the
individuals were identiﬁed in the present study as
having periodontitis. Severe periodontitis was found
in 8.5% among individuals ‡65 years in the NHANES
(National Health and Nutritional Examination Survey) study by Eke et al. [40]. Most likely, the diagnosis
of periodontitis in our study is more comparable to
the severe form according to the deﬁnitions used by
Eke et al. [40].
To be included, the study individuals had to have a
minimum of >10 teeth and in the dental examination
all teeth were measured at four sites including fully
erupted third molars. The presence of bleeding or not
and the PD value using the value at the site of each tooth
with the deepest PD were registered. Kingman et al.
[43] showed that half-mouth protocol correctly identiﬁed 60% of patients with attachment loss ‡3 mm,
whereas full-mouth examination of the same sites
identiﬁed 74%. According to Kingman et al. [43],
our study with full mouth examination should
correctly identify more patients with periodontitis
compared to a half-mouth examination.
In the present study alveolar bone loss was assessed
from panoramic radiographs. It has been demonstrated that ﬁndings of carotid calciﬁcations on panoramic radiographs are in agreement with
ultrasonography assessments [28]. Associations
between periodontitis and the evidence of carotid
calciﬁcations on panoramic radiographs (PMX)
have previously been reported using both small populations [28,30] and larger populations [25,44]. The
present study included 499 individuals and the results
are in agreement to what has previously been reported
from four studies. Ravon et al. [28] demonstrated a
dose–response relationship between absence and
presence and the size of carotid calciﬁcation and
severity of periodontitis. In a recent review the authors
concluded that periodontitis was more often identiﬁed among individuals with radiographic evidence of
carotid calciﬁcations on panoramic radiographs and is
consistent with the result in the present study [33].
Carotid artery calciﬁcation in the area of the carotid
artery bifurcation can be detected on panoramic

radiographs in the range of 2–5% of the population
[33]. In the present study, a positive ﬁnding suggesting carotid calciﬁcation was identiﬁed in 195/499
individuals (39.1%). The frequency of carotid
calciﬁcation is high in the present study. One explanation could be the high age of the individuals.
Previous studies and literature reviews have shown
that carotid calciﬁcations are more frequent in older
individuals [44,45]. In the present study, carotid
calciﬁcations were frequently detected among men
in the younger age cohort. This could, to some
degree, explain why life expectancy is shorter for
men. There is a general agreement that men in the
Western world have a shorter life expectancy than
women and that men on average are younger than
women at stroke onset [46].
In our study we never met the frailest individuals as
they were unable to come to the research clinic and,
accordingly, could not undergo dental examination or
panoramic radiographic examination. This is of course
a limitation of the present study, but is also inevitable
when working with a group of elderly individuals. The
results reported in the present study, however, reﬂect
the situation among elderly individuals healthy enough
to be able to attend a dental examination.
Only 10 individuals (2%) reported a current
smoking habit, therefore data were not corrected
for smoking habits.
In summary the results of the present study suggest
that if a panoramic radiograph is taken the clinician
should assess the inter-vertebral space between
C3 and C4, especially if the patient has a diagnosis
of periodontitis, is of older age and male gender. In
cases where carotid calciﬁcations are found the
patient should be referred to medical evaluation.
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Abstract
Objective To assess if carotid calcifications detected in panoramic radiographs are associated with future events of stroke, and/or
ischemic heart diseases over 10–13 years in individuals between 60 and 96 years.
Materials and methods Baseline (2001–2004) panoramic radiographs were assessed for evidence of carotid calcifications from
individuals with no previous history of stroke and/or ischemic heart diseases. A radiopaque nodular mass adjacent to the cervical
vertebrae, at or below the intervertebral space C3–C4, was interpreted as carotid calcification. Annual medical records were
searched for ICD 10 codes through 2014.
Results Signs of carotid calcification was demonstrated in 238/635 (37.5%) of the study individuals. Signs of carotid calcification
was associated with future stroke and/or ischemic heart diseases (χ2 = 9.1, OR 1.6, 95% CI 1.2, 2.2, p < 0.002). In individuals 60–
72 years, a significant association between radiographic signs of carotid calcification and stroke and/or ischemic heart diseases
(χ2 = 12.4, OR 2.4, 95% CI 1.5, 4.0, p < 0.000) (adjusted for high blood pressure, diabetes type 2, BMI; OR 1.9, 95% CI 1.1, 3.5,
p = 0.03). Individuals (60–72 years) with radiographic evidence of carotid calcifications had a mean cumulative stroke and/or
ischemic heart diseases survival time of 12.1 years compared to those without such evidence (13.0 years) (log rank Mantel-Cox
χ2 = 10.7, p = 0.001).
Conclusions Evidence of carotid calcifications in panoramic radiographs is associated with an event of stroke and/or ischemic
heart diseases in 60–96-year-old individuals.
Clinical relevance Radiographic evidence of carotid calcifications is associated with stroke and/or ischemic heart diseases.
Patients with signs of carotid calcifications should therefore be referred for medical examination.
Keywords Carotid calcification . Panoramic radiographs . Stroke . Ischemic heart diseases

Introduction
Cardiovascular and/or cerebro-vascular diseases have been
associated with atherosclerosis which is a consequence of
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progressive chronic inflammatory conditions [1]. Such diseases cause approximately 30% of human mortality [2].
Data suggest that over a 5-year period, plaque in the arterial
vessels changes with decreasing fibrous and lipid tissue
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composition, and with increasing calcifications through a heterogeneous but slow process [3]. Over time, an increase of
carotid intima-media thickness, aortic calcifications, and carotid plaques has been identified as predictors of stroke [4–6].
Both invasive and noninvasive methods are currently
used to assess the presence and extent of arterial calcifications [7]. Intravascular ultrasound and optical coherence
tomography are examples of invasive diagnostic methods
that may be the most predictable method in identifying an
elevated risk for a stroke/cardiovascular event [8]. Doppler
sonography (DS), computed tomography (CT), magnetic
resonance imaging (MRI), and digital subtraction angiography are examples of noninvasive diagnostic methods to
identify carotid calcifications [9, 10].
In dental practice, panoramic radiography is a frequently
performed radiographic diagnostic method that can also be
utilized to identify carotid artery calcifications when the
area of the carotid artery bifurcates is visible [11–18].
Calcifications in the area of the carotid bifurcation are usually localized posterior and inferior to the mandibular angle
adjacent to the space between the third or fourth cervical
vertebrae (C3 and C4). Data suggest that calcification identified in panoramic radiographs can be identified in 3–15%
of the adult population [11, 19–21]. A high level of accuracy
between signs of carotid calcifications diagnosed in panoramic radiographs and DS findings has been reported [18].
In a recent literature review, we concluded that signs of
carotid calcifications are more frequently found in panoramic dental radiographs from older individuals [22].
Few studies have assessed the relationship between radiographic signs of carotid calcifications and future medical
events, or studies especially assessing if signs of carotid calcifications are associated with future stroke or ischemic heart
disease events [12, 13, 23].
The aim of the present study was to assess if carotid calcifications detected in panoramic radiographs are associated
with future events of stroke, and/or ischemic heart diseases
over 10–13 years in individuals between 60 and 96 years.

Material and methods
Description of study individuals
The Ethics Committee Lund, Sweden, approved the study (file
numbers 604/00 and 744/00). The study was conducted consistent with the principles of the Helsinki declarations. All
study participants signed informed consent. The authors had
access to the Swedish National Study of Ageingg and Care
(SNAC) Blekinge database and take responsibility for the data
integrity, and analysis. The data manager ensured the completeness of the research dataset.
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The enrollment of study individuals occurred between
2001 and 2004 (baseline). The study participants were randomly selected from the Swedish population database from
the metropolitan Karlskrona area (The Swedish Tax Agency
electronic database). In order to represent the elderly population, individuals between ages 60 and 96 were enrolled. A
randomized selection was made from the Swedish civil registration database in the age groups 60, 66, 72, and 78. In the age
groups of 81, 84, and 87 (and older), all individuals in the
community were invited. Study participants were invited by
regular mail. The overall response rate was 62% representing
approximately 10% of the entire population ≥ 60 years of age.
More individuals in the older age group declined participation
compared to individuals in the younger age groups. All study
participants were examined by medical and dental research
teams at the research center in Karlskrona.
Baseline inclusion criteria were as follows: age between 60
and 96 years and living in the county of Karlskrona, Sweden,
and with the completion of a comprehensive baseline medical/
dental examination. The study protocol required that, at baseline all study participants had a panoramic radiograph taken at
the research clinic. Only those individuals with a panoramic
radiograph from which the area of interest (the bifurcation
area; intervertebral space at or below the C3 and C4 vertebrae)
could be assessed. On an annual basis, the medical electronic
database through 2014 or until the study individual either was
lost to follow-up or had died was used for the collection of
medical events. The data collection was focused on information about events of stroke or ischemic heart diseases for the
respective year. The medical records of the 726 enrolled study
participants were searched for conditions defined by the
International Statistical Classification of Diseases and
Related Health Problems, 10th revision (ICD-10).

Examination of analogue panoramic radiographs
At baseline (2001–2004), analogue panoramic radiographs
using a standard exposure of 75 kV/10 mA were taken with
an Orthopantomograph (OP 100, Instrumentarium, Tuusala,
Finland). An example of a panoramic radiograph with the
intervertebral space at or below the vertebrae C3–C4 visible
and suitable for the assessment of the presence, or absence of a
radiopaque nodular mass is presented (Fig. 1). An independent, experienced examiner [24] from the Department of
Oral Medicine, School of Dentistry, University of
Washington, Seattle, WA, USA, performed the radiographic measurements, with no information on medical
conditions, age, or gender of the study participants.
Reliability measurements in assessing evidence of carotid calcifications were performed. Reliability assessments
of carotid calcifications were made from two different
occasions through intraexaminer assessments of carotid
calcification signs from 100 randomly selected
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Fig. 1 Panoramic radiograph
using a standard exposure of
75 kV/10 mA and taken with an
Orthopantomograph (OP 100,
Instrumentarium, Tuusala,
Finland) with carotid calcification
on the right side

panoramic radiographs resulting in a Cronbach’s alpha
of 0.91. The interval between the two sets of readings
was approximately 1 year.

Medical examinations
Events of stroke (cerebrovascular diseases) or ischemic heart
diseases (cardiovascular diseases) were registered according
to the ICD 10 codes: ICD 60–69 for stroke and ICD 20–25 for
ischemic heart diseases. This information was collected from
the electronic medical database at the research center of the
general hospital in Karlskrona, Sweden. Between 2001 and
2014, a physician (JB) reviewed the medical records annually
for all individuals in the study.

Statistical methods
The data were analyzed using descriptive and inferential statistics. Because the data were assumed not to follow a normal
distribution pattern, both independent t tests (equal variance
not assumed) and nonparametric tests (Mann–Whitney U test)
were also performed to assess group differences.
Dichotomous data were analyzed using Pearson χ2 test,
Mantel–Haenszel odds ratios. The data were also studied by
binominal logistic regression. The Kaplan–Meier estimator
(log rank Mantel–Cox) was used to study events of stroke
and ischemic heart diseases in study individuals with or without radiographic evidence of carotid calcifications during the
study period. Statistical significance was set with α at p <
0.05. The IBM SPSS version 23.0 statistical software package
(SPSS Inc., Armonk, NY, USA) for Macintosh computer was
used in the analyses.

Results
Demographic and medical data in 60, 66, 72, and 78 years and
older study participants are presented (Table 1). The younger

age groups (60, 66, and 72 years) included 350 study participants. The older age groups (78, 81, 84, 87, 90, 93, and
96 years) included 376 study participants. All study participants were Caucasians. During the study period (2001–2014),
66/350 (18.9%) in the younger age group and 285/376
(75.8%) participants in the 78 age group had died.
The data on all study participants identified a significant
association between carotid calcifications and a future event
of stroke and/or ischemic heart diseases (χ2 = 9.1, OR 1.6,
95% CI 1.2, 2.2, p < 0.002). In the younger age group, this
association was more pronounced (χ2 = 12.4, OR 2.4, 95% CI
1.5, 4.0, p < 0.000). In the younger age group, there was also a
significant association between carotid calcifications and an
event of stroke (χ2 = 4.5, OR 2.3, 95% CI 0.9, 6.2, p = 0.03).
At the baseline examination, 91 individuals (14.3%) of the
total 726 individuals reported a history of stroke and/or ischemic heart diseases. Radiographic signs of carotid calcifications in panoramic radiographs were found in 45/91 (49.5%)
of the individuals with a known previous history of stroke and/
or ischemic heart disease. The gender distribution of such
signs was 13/45 (28.9%) in women and 32/45 (71.1%) in
men. The mean age of these 91 individuals at the time of
examination was 68 years among 60–72 years and the corresponding figure among 78–96 years was 81.8 years. Data
reporting on future events of stroke or separately ischemic
heart diseases or a combination of both on the remaining
635 individuals that reported no previous event of stroke
and/or ischemic heart diseases are reported in subanalysis.
The subanalysis are described in Tables 2, 3, and 4. Medical
records between 2001 and 2014 identified events of stroke
and/or ischemic heart diseases in 195/635 (30.7%) of these
study individuals (Table 1).
Men in the 60–72 years age group had a higher odds ratio
(OR) for a stroke event than women (OR 3.1, 95% CI 1.0, 8.3,
p = 0.02). Statistical analysis, however, failed to demonstrate a
gender difference for ischemic heart diseases (OR 1.3, 95% CI
0.7, 2.4, p = 0.4). Data analysis also failed to demonstrate
gender differences in the 78 and older age group for the
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Table 1 Summary of key
characteristics for the study
participants at baseline,
distributed in two study groups
Number of study participants
Gender distribution
identifying % women
BMI (mean and SD, at
baseline)
Hypertension (self-reported at
baseline)
Type 2 diabetes mellitus
(self-reported at baseline
An event of stroke and/or ischemic heart diseases during the study period
An event of stroke during the
study period
An event of ischemic heart
diseases during the study
period
A first event of stroke and/or
ischemic heart diseases
during the study period in
individuals with no history
of stroke and/or ischemic
heart diseases (self-reported
at baseline)
A first event of stroke during
the study period in
individuals with no history
of stroke (self-reported at
baseline)
A first event of ischemic heart
diseases during the study
period in individuals with
no history of ischemic heart
diseases (self-reported at
baseline)

Study individuals
60–96 years

Study individuals
60–72 years

Study individuals
78–96 years

726
350/726 (48.4%)

350
230/350 (65.7%)

376
120/376 (40.0%)

27.1 ± 4.1

27.5 ± 4.4

26.7 ± 3.7

31.8%

30.5%

33.5%

7.9%

6.9%

8.8%

34.4%

25.1%

43.1%

13.1%

6.9%

18.9%

23.4%

18.9%

27.7%

195/635 (30.7%)

66/316 (20.9%)

129/319 (40.4%)

81/687 (11.8%)

17/331 (5.1%)

64/356 (18%)

145/666 (21.8%)

59/331 (17.8%)

86/335 (25.7%)

BMI body mass index

incidence of stroke (OR 1.0, 95% CI 0.6, 1.8, p = 0.9) or for
the incidence of ischemic heart diseases (OR 1.4, 95% CI 0.9,
2.4, p = 0.12).
A positive finding of carotid calcification was demonstrated in 238/635 (37.5%) of the study individuals. Carotid calcifications were more frequent in the older age group 135/319
(42.3%) as compared to the 60–72 age group 103/316 (32.6%)
(χ2 = 6.4, OR 1.5, 95% CI 1.1, 2.1, p = 0.01). Independent of
age, radiographic signs of carotid calcifications were more
frequently identified in men (χ2 = 11.1, OR 1.8, 95% CI 1.3,
2.5, p = 0.001).
In Table 2, data on the associations between signs of carotid
calcifications in panoramic radiographs, gender, self-reported
high blood pressure at baseline, type 2 diabetes, body mass
index (BMI), smoking reported at baseline, and future events
of stroke and ischemic heart diseases are presented for individuals without a previous history of the respectively event
(stroke, ischemic heart diseases or stroke and/or ischemic
heart diseases). The same information but in the 60–72 years

is presented in Table 3. Logistic regression analysis of the
results identified, in individuals 60–72 years, a significant
association between carotid calcifications in panoramic radiographs and stroke and/or ischemic heart diseases, both crude
and adjusted for confounders (high blood pressure, type 2
diabetes, BMI) (crude OR 2.4, 95% CI 1.4, 4.1, p = 0.002,
and adjusted OR 1.9, 95% CI 1.1, 3.5, p = 0.03). A statistically
significant crude association between radiographic evidence
of carotid calcifications and a recorded diagnosis of ischemic
heart diseases was also found in the younger age group (60–
72) (crude OR 2.1, 95% CI 1.2, 3.7, p = 0.01). This association was, however, not statistically significant when adjusted
for confounders (high blood pressure, type 2 diabetes, BMI)
(adjusted OR 1:7, 95% CI p = 0.07). When individuals 78–
96 years were included in the analysis, only a history of high
blood pressure was significantly associated with future stroke
and/or ischemic heart diseases (Table 4).
We did not have data on cause of death available for analysis. It should, however, be highlighted that when analyzing
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Table 2 Associations between carotid calcifications, gender, high blood pressure, type 2 diabetes mellitus, BMI, smoking, and future events of stroke
or ischemic heart diseases

Carotid calcifications
Gender
High blood pressure
Type 2 diabetes mellitus
BMI
Smoking

An event of stroke and/or ischemic
heart diseases (N = 635)

Stroke (N = 687)

Ischemic heart diseases (N = 666)

χ2 = 7.0, OR 1.6, 95% CI 1.2–2.2,
p < 0.008*
χ2 = 4.8, OR 1.5, 95% CI 1.0, 2.1,
p = 0.03*
χ2 = 15.4, OR 2.0, 95% CI 1.4–2.9,
p = 0.000*
χ2 = 2.7, OR 1.7, 95% CI 0.9–3.2,
p = 0.1

χ2 = 1.5, OR 1.3, 95% CI 0.8–2.1,
p = 0.2
χ2 = 2.4, OR 1.4, 95% CI 0.9–2.3,
p = 0.1
χ2 = 2.7, OR 1.5, 95% CI 0.9–2.5,
p = 0.1
χ2 = 0.3, OR 1.3, 95% CI 0.6–2.9,
p = 0.6

χ2 = 4.6, OR 1.5, 95% CI 1.0–2.2,
p = 0.03*
χ2 = 3.1, OR 1.4, 95% CI 1.0–2.1,
p = 0.08
χ2 = 10.7, OR 1.9, 95% CI 1.3–2.8,
p = 0.001*
χ2 = 1.6, OR 1.5, 95% CI 0.8–2.9,
p = 0.2

Correlation coefficient 0.06, p = 0.1
χ2 = 2.5, OR 0.6, 95% CI 0.4–1.1,
p = 0.1

Correlation coefficient − 0.47, p ≤ 0.2
χ2 = 0.9, OR 0.7, 95% CI 0.3–1.5,
p = 0.3

Correlation coefficient 0.1, p = 0.1
χ2 = 1.1, OR 0.7, 95% CI 0.4–1.3,
p = 0.3

Self-reported at baseline: high blood pressure, Type 2 diabetes mellitus, smoking (yes = current and sometimes, no = never and former). BMI (body mass
index) examined at baseline

radiographic signs of carotid calcifications among those who
had died during the course of the study, 47.0% had positive
signs of carotid calcifications compared to 31.2% in the material that were survivors. The OR of death before the endpoint
of the study presenting with signs of carotid calcifications at
baseline was 2.0 (95% CI 1.4, 2.7, p < 0.001).

Kaplan–Meier survival analysis
Relationships between a positive/negative sign of carotid calcification and cumulative events of a first event of stroke and/
or a first event of ischemic heart diseases were illustrated by
Kaplan–Meier survival analysis (Figs. 2 and 3). Study participants (60–72 years) with baseline radiographic evidence of
carotid calcification and no previous history of an event had a
mean cumulative stroke and/or ischemic heart diseases

survival time of 12.1 years compared to those without such
evidence (mean cumulative survival time 13.0 years) (log rank
Mantel–Cox χ2 = 10.7, p = 0.001). Individuals (60–72 years)
with baseline radiographic evidence of carotid calcifications,
and no history of an ischemic event, had a mean cumulative
ischemic heart diseases survival time 12.5 years compared to
those without such evidence (mean survival time was
13.2 years) (log rank Mantel–Cox χ2 = 9.5, p = 0.002).

Discussion
The present long-term follow-up study demonstrated that in
individuals between 60 and 72 years, radiographic signs of
carotid calcifications were found in panoramic radiographs
and associated with future events of stroke and/or ischemic

Table 3 Associations between carotid calcifications, gender, high blood pressure, type 2 diabetes mellitus, BMI, smoking, and future events of stroke
or ischemic heart diseases in individuals 60–72 years

Carotid calcifications
Gender
High blood pressure
Type 2 diabetes mellitus
BMI
Smoking

An event of stroke and/or ischemic
heart diseases (N = 316)

Stroke (N = 331)

Ischemic heart diseases (N = 331)

χ2 = 9.6, OR 2.4, 95% CI 1.4–4.1,
p < 0.002*
χ2 = 2.3, OR 1.5, 95% CI 0.9–2.7,
p = 0.1
χ2 = 7.8 OR 2.2, 95% CI 1.3–4.0,
p = 0.005*
χ2 = 6.4, OR 3.3, 95% CI 2.6–8.8,
p = 0.01*
Correlation coefficient 0.16, p = 0.004*

χ2 = 3.0, OR 2.3, 95% CI 0.9–6.2,
p = 0.08
χ2 = 5.3, OR 3.1, 95% CI 1.1–8.3,
p = 0.02*
χ2 = 1.4, OR 1.8, 95% CI 0.7–4.9,
p = 0.2
χ2 = 1.0, OR 2.2, 95% CI 0.5–10.3,
p = 0.3
Correlation coefficient − 0.03, p = 0.5

χ2 = 6.5, OR 2.1, 95% CI 1.2–3.7,
p = 0.01*
χ2 = 0.8, OR 1.3, 95% CI 0.7–2.4,
p < 0.4*
χ2 = 8.7, OR 2.4, 95% CI 1.3–4.3,
p = 0.003*
χ2 = 4.3, OR 2.7, 95% CI 1.0–7.0,
p < 0.04*
Correlation coefficient 0.17, p = 0.002*

χ2 = 0.7, OR 0.7, 95% CI 0.3–1.6,
p = 0.4

χ2 = 0.7, OR 1.6, 95% CI 0.5–5.2,
p = 0.4

χ2 = 0.6, OR 0.7, 95% CI 0.3–1.6,
p = 0.4

Self-reported at baseline: high blood pressure, type 2 diabetes mellitus, smoking (yes = current and sometimes, no = never and former). BMI (body mass
index) examined at baseline
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Table 4 Associations between carotid calcifications, gender, high blood pressure, type 2 diabetes mellitus, BMI, smoking, and future events of stroke
or ischemic heart diseases in individuals 78–96 years

Carotid calcifications
Gender
High blood pressure
Type 2 diabetes mellitus
BMI
Smoking

An event of stroke and/or ischemic
heart diseases (N = 319)

Stroke (N = 356)

Ischemic heart diseases (N = 335)

χ2 = 0.1, OR 1.1, 95% CI 0.7–1.7,
p = 0.7
χ2 = 1.6, OR 1.3, 95% CI 0.8–2.1,
p = 0.2
χ2 = 6.9, OR 1.9, 95% CI 1.2–3.1,
p = 0.009*
χ2 = 0.004, OR 1.0, 95% CI 0.4–2.2,
p = 1.0

χ2 = 0.008, OR 1.0, 95% CI 0.6–1.7,
p = 0.9
χ2 = 0.02, OR 1.0, 95% CI 0.6–1.8,
p = 0.9
χ2 = 1.1, OR 1.4, 95% CI 0.8–2.6,
p = 0.9
χ2 = 0.01, OR 0.9, 95% CI 0.6–1.7,
p = 0.9

χ2 = 0.2, OR 1.1, 95% CI 0.7–1.8,
p = 0.7
χ2 = 2.0, OR 1.4, 95% CI 0.9–2.4,
p = 0.2
χ2 = 2.8, OR, 95% CI 0.9–2.6,
p < 0.1
χ2 = 0.009, OR 1.0, 95% CI 0.4–2.3,
p = 0.9

Correlation coefficient 0.02, p = 0.8
χ2 = 0.005, OR 0.9, 95% CI 0.4–2.3,
p = 0.8

Correlation coefficient − 0.73, p < 0.2
χ2 = 0.5, OR 0.6, 95% CI 0.2–2.2,
p < 0.5

Correlation coefficient 0.06, p = 0.3
χ2 = 0.02, OR 0.9, 95% CI 0.3–2.6,
p = 0.9

Self-reported at baseline: high blood pressure, type 2 diabetes mellitus, BMI, smoking (yes = current and sometimes no = never and former). BMI (body
mass index) examined at baseline

heart diseases. The frequency of stroke and ischemic heart
diseases also increased with age. The associations between
carotid calcifications stroke and/or ischemic heart diseases
or ischemic heart diseases alone were, however, not significant in the old age group (78–96 years). It is possible that
several of the individuals in the older age group died from
events of stroke and/or ischemic heart diseases. The number
of stroke and/or ischemic heart diseases may therefore be
underestimated especially in the older age group with the
highest mortality rate.
Characteristics of the study participants (i.e., age, gender,
BMI, hypertension, type 2 diabetes mellitus) in the present
Fig. 2 Kaplan–Meier curves of
316 individuals 60–72 years old
with no history of stroke and/or
ischemic heart diseases,
comparing individuals with and
without carotid calcification.
Cumulative stroke and/or
ischemic heart diseases survival
in relation to the number of years
before an event of stroke and/or
ischemic heart diseases is
estimating. X-axis: time to stroke
in years. Y-axis: first event
describing the percentage of the
population with stroke at a certain
time (year) from baseline

study (Table 1) suggested that many of the study participants
presented with conditions partly explanatory to future risks of
stroke and/or ischemic heart diseases. In the 60–72-year age
group, a significant association between radiographic evidence of carotid calcifications and an event of stroke, and/or
ischemic heart diseases also remained when adjusted for confounders (high blood pressure, type 2 diabetes, and BMI).
Several studies have previously demonstrated an association between carotid calcifications observed in panoramic
radiographs and a history of stroke [11, 15, 18, 20, 25,
26]. There are few prospective studies that have examined
if carotid calcifications detected in panoramic radiographs
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Fig. 3 Kaplan–Meier curves of
331 individuals 60–72 years old
with no history of ischemic heart
diseases, comparing individuals
with and without carotid
calcification. Cumulative
ischemic heart diseases survival
in relation to the number of years
before an event of ischemic heart
diseases is estimating. X-axis:
time to ischemic heart diseases in
years. Y-axis: first event
describing the percentage of the
population with ischemic heart
diseases at a certain time (year)
from baseline

are associated with future diagnostic events of stroke and/or
ischemic heart diseases [6, 13, 23]. To our best knowledge,
the present study is the first study that has a long-time (>
10 years) follow-up period of cases ≥ 60 years of age with/
without radiographic signs of carotid calcifications investigating medically diagnosed future stroke and/or ischemic
heart diseases.
In two reports with a follow-up period of approximately
3 years, it was demonstrated that male veterans > 55 years
with signs of carotid calcifications identified in panoramic
radiographs had a higher OR of events of myocardial infarction, stroke, TIA, revascularization, and angina than those
without such signs [13, 23]. Our data are also in accordance
with a recent study over 5 years demonstrating that individuals
with carotid calcifications in panoramic radiographs had a
higher risk of future vascular events compared to controls [6].
The frequency of carotid calcifications in the present
study is high. This is in agreement with previous reports
and literature reviews demonstrating frequent findings of
radiographic signs of carotid calcifications in older individuals [14, 15, 20, 21].
The present study identified a lower mean cumulative
stroke and/or ischemic heart disease survival time, and a lower
mean cumulative ischemic heart disease survival time, among
individuals with a positive radiographic finding of carotid calcification. The survival time difference in comparison to those
without such evidence of carotid calcifications in panoramic
radiography was approximately 1 year, which must be considered clinically significant.

One shortcoming in the present study was that we were
unable to search the records for the reasons of death among
our study participants. The observation that the mortality rate
for individuals with radiographic evidence of carotid calcifications was much higher than among individuals alive at the
study endpoint is important. Information about cause of mortality could have contributed to a better understanding of the
relationships between positive findings of carotid calcifications in panoramic radiographs and future events of stroke
and/or ischemic heart diseases. However, among the 351 individuals that died during the course of the study, a diagnosis
of stroke and/or ischemic heart diseases occurred in 155 individuals. In the remaining 196 individuals, carotid calcification
was detected in 46.4%.
To obtain panoramic radiographs suitable for the detection
of carotid calcifications, it is important that the patient is
placed in a correct position when the radiograph is taken.
Otherwise, many cases may not be identified. Furthermore,
atherosclerotic plaques can be either calcified or noncalcified
[18], which is a limitation with a radiographic method of detection. Thus, the present study results are only based on radiographic findings suggesting the presence of calcified
plaque. It is also possible that both positive and negative findings in panoramic radiographs may be misinterpreted by the
examiner resulting in either a false positive or negative score.
There is a risk for misinterpreting images similar to carotid
calcifications representing, i.e., the hyoid bone, the epiglottis,
calcified ligaments (stylomandibular and stylohoid),
sialoliths, phleboliths, and calcified lymph nodes) [27–29].
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To minimize this risk, it is important that the examiner of the
radiographs has good knowledge of the anatomical structures
and pathological conditions. In the present study, the examiner
had a high degree of agreement between repeated readings of
panoramic radiographs.
In the present study, only radiographs exposed at baseline were analyzed. Therefore, any new development of
carotid calcifications during the course of study prior to a
possible event would not have been recorded resulting in
an underestimation of the association between carotid calcifications and recorded events of stroke and/or other ischemic heart diseases.
In dentistry, panoramic radiography is a common procedure performed to detect signs of oral diseases. Several studies
have identified that it is possible to detect signs of carotid
calcifications from such radiographs given that the region of
interest is exposed. Radiographs, exposed for dental reasons,
can be assessed for carotid calcifications. In order to evaluate
panoramic radiographs for possible signs of carotid calcification, the dentist should be familiar with the anatomy of the
region. It is also advisable to receive training by a radiologist
to avoid potential misinterpretations. If a radiographic sign of
carotid calcification is identified in a panoramic radiograph,
the dentist should first consider other risk factors associated
with stroke and ischemic heart diseases. It may also be advantageous to discuss the situation with a physician before a referral for further medical evaluation. Dental students should
be given training in identifying radiographic signs in the area
of interest.
In conclusion, data from the present study demonstrated that signs of carotid calcifications in panoramic radiographs are associated with future events of stroke and/or
ischemic heart diseases, or ischemic heart diseases alone
in older individuals and especially among individuals
60–72 years.
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Abstract
Aims: The present study aimed to assess if individuals ≥ 60 years of age with periodontitis
are more likely to develop stroke, or ischemic heart diseases, or at higher risk of death over a
period of 17 years.
Material and methods: At baseline, individuals ≥ 60 received a dental examination including
a panoramic radiograph. Periodontitis was defined as having ≥ 30% sites with ≥ 5 mm
distance from cemento-enamel junction to the marginal bone level. Medical records were
annually reviewed from 2001-2018. Findings from the medical records identifying an ICD10
code (stroke and ischemic heart diseases), or death was registered.
Results: Associations between periodontitis and incidence of ischemic heart disease was found
in this 17-years follow-up study in all individuals 60-93 years (HR:1.5, CI:1.1-2.1, p=0.017),
in women (HR:2.1, CI:1.3-3.4, p=0.002), and in individuals 78-96 years (HR:1.7, CI:1.0-2.6,
p=0.033). Periodontitis was associated with mortality in all individuals (HR:1.4, CI:1.2-1.8,
p=0.002), specifically in men (HR:1.5, CI:1.1-1.9, p=0.006) or in ages 60-72 years (HR:2.2,
CI:1.5-3.2, p=0.000). Periodontitis was more prevalent among men (OR: 1.8, CI:1.3-2.4,
p=0.000).
Conclusions: Individuals with periodontitis have an increased risk for future events of ischemic
heart diseases and to die.

Clinical relevance
Scientific rationale for the study: Cross sectionally associations between periodontitis and
cardiovascular diseases are well known. Understanding of the impact of periodontal disease, on
the incidence of cardiovascular diseases over time, among older adults, is limited.

Principal findings: This study demonstrated that in a group of older adults in Sweden,
periodontitis was a statistical risk indicator for ischemic heart diseases. Over the time studied,
periodontitis was significantly associated with mortality.

Practical implications: Improving periodontal health in older individuals may reduce overall
mortality and ischemic heart diseases. Both dental and medical professionals should be aware
of the associations, and in best case cooperate, as periodontitis increase the risk for ischemic
heart diseases and mortality.

Introduction

Periodontitis is a chronic disease with an infectious etiology, and with an inflammatory
response resulting in breakdown of soft and hard tissues around teeth (Bartold & van Dyke,
2013). Severe periodontitis has been identified as the sixth most prevalent disease in the world
(Kassebaum et al., 2014). In the US, the prevalence of periodontitis is reported to be 47%
(Eke, Dye, Wei, Thornton-Evans, & Genco, 2012). In older individuals, it is even more
prevalent (Eke et al., 2016).

Periodontal infections may cause bacteremia triggering host systemic inflammatory responses
and chronic inflammation and related to the pathogenesis of atherosclerosis (Aoyama et al.,
2017). Data suggest that periodontitis is associated with subclinical atherosclerosis
(Desvarieux et al., 2003; Lockhart et al., 2012; Söder, Söder, Nowak, & Jogestrand, 2005).
Atherosclerosis is considered the leading cause of cardiovascular diseases (CVDs)
(Desvarieux et al., 2003; Lockhart et al., 2012). CVDs are the most common causes of death
in the US (Roth et al., 2018). Periodontitis shares many risk indicators with CVDs, including
age, male gender, hypertension, diabetes, high body mass index (BMI). Having the same risk
indicators may constitute confounding factors for both periodontitis and CVDs (Lockhart et
al., 2012).

CVDs include all diseases associated with the heart and blood vessels, such as stroke,
coronary heart disease, and heart failure (Waters, Trinh, Chau, Bourchier, & Moon, 2013).
Overall, there is consistent and relatively stable epidemiologic evidence linking periodontitis
to CVDs and periodontitis is generally accepted as a CVD risk indicator. The majority of

studies assessing associations between periodontitis and CVDs are cross-sectional cohort or
case-control studies (Desvarieux et al., 2003; Lockhart et al., 2012, Tonetti, & Van Dyke,
2013). Few studies with a prospective longitudinal study design have been reported.

The present study aimed to assess if individuals ≥ 60 years of age with periodontitis are more
likely to develop stroke, or ischemic heart diseases, or at higher risk of death over a period of
17 years.

Material and Methods
Study individuals
The study individuals were selected by inclusion criteria from the Swedish National Study of
Aging and Care (SNAC). SNAC is a population based, prospective longitudinal study in
which SNAC-Blekinge is one participating research center. At the baseline in 2001-2003, an
equal number of study individuals in age cohorts of 60, 66, 72, and 78 were randomly selected
from the Swedish population database for Karlskrona city (The Swedish Tax Agency
electronic database) and were invited by regular mail. All individuals in the community at age
81, 84, 87, 90, 93 and 96 years were also invited to participate, representing the older
population in Karlskrona, Sweden. In total, 1402 individuals agreed to participate. All
participants signed informed consent. The principles of the Helsinki declarations were
followed. The Ethics Committee Lund, Sweden approved the study (LU 604‐00, LU 744‐00).
Baseline inclusion criteria were; (I) age between 60–96 years and living in the community of
Karlskrona, Sweden, (II) dentate, with one or more teeth. Exclusion criteria were; (I) nonreadable panoramic radiographs.

Medical and dental research teams at a research center in Karlskrona, Sweden examined the
study participants. The overall response rate was 62%, representing approximately 10% of the
entire population ≥ 60 years of age in the community.

Radiographic measurement
An analogue panoramic radiograph using a standard exposure of 75 kV/10 mA was obtained
using an Orthopantomograph (OP 100, Instrumentarium, Tuusala, Finland, film Kodak T-Mat
G/RA, intensifying screen Kodak Lanex Regular, film processor Durr XR 24). The
radiographic measurements were made from the panoramic radiographs exposed at baseline
between 2001 and 2003. Thus, 858 readable panoramic radiographs were identified with a
minimum of 1 tooth and were included in the study.

An independent, experienced examiner (REP) performed the radiographic measurements. The
examiner was masked to medical conditions, gender, age, and survival status of the study
individuals. Bone loss was measured, based on the number of readable interproximal sites, as
percent loss of bone from the enamel cement junction (CEJ) to the highest marginal bone
level on the mesial and distal surface of each tooth. Alveolar bone‐loss ≥ 5 mm distance from
CEJ to marginal bone level on ≥ 30% of sites was used as definition of periodontitis. Intraclass coefficient (ICC) analysis between randomly selected cases for double assessments
regarding the reproducibility of the distance between CEJ to the apex was 0.93 (95% CI: 0.910.96, p<0.01) between the first and second reading.

Medical examination
Cerebrovascular diseases (stroke) and ischemic heart diseases were registered from an
electronic medical database at the research center of the general hospital in Karlskrona, and in
accordance with the International Statistical Classification of Diseases and Related Health
Problems 10th revision ICD 10 codes (ICD-10): ICD I60-69 for stroke and ICD I20-25 for
ischemic heart diseases. A physician (JB) annually reviewed the medical database, including
all medical records between 2001-2018, assessing medical records of the participating
individuals in the 17 years period following the baseline examination. Any findings from the
medical records identifying an ICD10 code were identified as a positive finding. Death or the
first event of a stroke or ischemic heart disease was recorded as an event. Information on
hypertension, body mass index (BMI), diabetes type 2 or smoking was identified from selfreported questionnaire on medical history at baseline, with focus on a history of stroke or a
history of acute myocardial infarction (AMI). Smoking included both current and former
smoking versus non-smoking included only those individuals with no current nor former
history of smoking.

Statistics
The Statistical Package for the Social Sciences (SPSS) Predictive Analytics Software (PASW)
25.0 statistical software package (SPSS Inc., Armonk, NY, USA) for Personal Computer (PC)
was used in the analyses. The data were analyzed using descriptive and inferential statistics.
Dichotomous data were analyzed using the Pearson χ2 test, and by Mantel–Haenszel common
odds ratio. Survival statistics with Cox regression analysis, method enter, was used to study
adjusted associations. Multivariable adjustment was done for age, body mass index (BMI)
>30, diagnosis of diabetes mellitus type 2, gender, hypertension, history of acute myocardial

infarction (AMI), history of stroke, periodontitis and smoking. Proportional hazards
assumption was evaluated graphically with “log-log” plots. Time was defined as months from
inclusion (dental examination) to either stroke, respectively ischemic heart diseases or death
outcome or censoring due to emigration, death or end of follow-up. Statistical significance
was declared at p<0.05.

Results
Demographic data
Data derived from 858 individuals (women 53.5%). During the 17 year follow-up period
492/858 (57.3%) died, and 51/858 (5.9%) moved away. The ages at baseline varied between
60-93 years with a median age 72.0 years (SD: ±9.3) years. On average, the individuals had
18.6 remaining teeth (SD: ±7.5). Approximately half of the individuals 428/838 (51.1%)
reported that they did not, or had never smoked. At the baseline examination, periodontitis
was declared in 212/858 (24.7%) (Table 1). Men had a higher prevalence of periodontitis than
women, 121/212 (57.1%) (OR: 1.8, CI:1.3-2.4, p=0.000). Dividing the individuals into a
young- old (YO) 60-72 years age group, and an old- old (OO) 78-96 years age group,
included 471/858 (54.9%) respectively 387/858 (45.1%) individuals.

Periodontitis and incidence of ischemic heart diseases or stroke during the follow-up
period
The cumulative incidence of ischemic heart diseases between 2001-2018, was 203/858 (23.7
%), with men 102/203 (50.2%) and women 101/203 (49.8%) (OR:1.2, CI:0.9-1.7, p=0.221).

The incidence of ischemic heart diseases was 57.2 incidences per year and 6668 per 100 000
and year. The cumulative incidence of stroke, was 118/858 (13.8%), almost equal men
respectively women developed stroke 60/118 (50.8%) respectively 58/118 (49.2%) (OR:1.2,
CI:0.8-1.8, p=0.308). Stroke incidence was 24.86 per year, which corresponds to 2898 strokes
per 100 000 persons and year.

Cox regression analysis with periodontitis as an independent variable and incidence of a first
event of stroke or ischemic heart diseases as the dependent variable and with adjustment for
the following variables: age group, BMI ≥ 30, diabetes type 2, gender, hypertension, history
of acute myocardial infarction, history of stroke, and smoking was used. Periodontitis
increased the risk for ischemic heart diseases in all individuals (HR:1.5, CI:1.1-2.1, p=0.017)
(Figure 1), in women (HR:2.1, CI:1.3-3.4, p=0.002) and in the OO group (HR:1.7, CI:1.0-2.6,
p=0.033) (Table 2). Concerning associations between periodontitis and stroke, no significant
association was identified in neither all individuals, women, men, YO nor OO (Table 3).

Associations to mortality during the follow up period
Data on the cause of death was not available, but during the 17-year follow up period 492/858
(57.3%) had died. Among those who had died, 160/492 (32.5%) had periodontitis whereas
among those who were alive 52/366 (14.2%) had periodontitis (OR:2.9, CI:2.1-41.1,
p=0.000). Cox regression analysis with periodontitis as the independent variable and mortality
as the dependent variable and with adjustment for the following variables: age group, BMI ≥
30, diabetes type 2, gender, hypertension, history of acute myocardial infarction (AMI),
history of stroke and smoking was used. Periodontitis increased the risk for all cause mortality

in all individuals (HR:1.4, CI:1.2-1.8, p=0.002)(Figure 2), in men (HR:1.5, CI:1.1-1.9,
p=0.006) and in the YO group (HR:2.2, CI:1.5-3.2, p=0.000). No associations in women or in
the OO individuals between periodontitis and mortality were identified (HR:1.4, CI: 1.0-1.9,
p=0.055) respectively (HR:1.2, CI:1.0-1.6, p=0.102) (Table 4).

Discussion
The present study identified that over the 17-year follow- up period, periodontitis increased the
risk of a future incidence of ischemic heart diseases in all individuals, in women and in the OO
age group. The incidence of CVDs increased with age, and the incidence for ischemic heart
diseases was higher in men. Another study has reported that after menopause, women have a
higher incidence of AMI compared to agematched men (Stramba et al. 2006). In the present
study, the incidence of a first ischemic heart disease was not significantly higher in women than
men. There are few other longitudinal studies concerning periodontitis and incidences of CVDs.
In a Danish national registerbased cohort study with a follow-up period of 15-years, patients
with periodontitis were reported to have an increased risk of CVDs (Hansen, Egeberg,
Holmstrup, & Hansen, 2016). In this study the individuals were consecutively included with a
hospital diagnosis of chronic or acute periodontitis based on ICD 10 codes. The classifications
of periodontitis was different from our classification which have a more definitive definition
with the severity and distribution specified. The age of the study population was >18 years, and
gender differences were never reported which make comparisons impossible. A Korean
nationwide cohort follow-up study of 7.6 years, showed a dose-dependent association with
tooth loss and incident myocardial infarction, heart failure and ischemic stroke, especially in
individuals with periodontitis (Lee, Choi, Park, Han, & Oh, 2019). The circumstances between

the study above and our study are not the same. The classification of periodontitis was in the
study by Lee et al (2019) not defined and the study individuals included were from 20 years,
mean age not mentioned. Also the included individuals had a history of a CVD event meaning
that they were at an increased risk for a subsequent CVD (Park et al. 2013).

Another main finding in this study was that individuals with periodontitis were at higher risk
to die during the 17- years follow up compared to individuals without a diagnosis of
periodontitis. Recently published data have shown that periodontitis increased the risk for allcause mortality within 15 years (Hansen, Egeberg, Holmstrup, & Hansen, 2016). In a 3 year
follow-up study, individuals with severe periodontitis and with a diagnosis of coronary
vascular disease more often, but not significant, developed the combined endpoint
(myocardial infarction, stroke/transient ischemic attack, cardio-vascular death and death
caused by stroke), compared to individuals without periodontitis (18.9% versus 14.2%)
(Reichert et al., 2016). As we didn´t know the reasons for death such a combined endpoint
was not possible to include. In our study it was also shown that in men and in the YO (60-72
years) there was an association between periodontitis and mortality. Young individuals (30-40
years) with periodontitis and missing molars have been reported to have an increased risk for
early death over 16 years (Söder, Jin, Klinge, & Söder, 2007). A consequence of an
inflammatory burden from periodontitis, may be missing teeth which could explain the
identified association between periodontitis, and CVDs as being stronger in younger
individuals (Lee et al. 2019). In another recent study, ≥ 9 missing teeth was also associated
with mortality (Liljestrand et al. 2015).

Deaths by CVDs have decreased during the latest 60 years, as a result of preventive care and
advances in medicine (GBD Risk factor Collaborators, 2018). Many older individuals are

using preventive medications that may delay or even prevent a CVD event to occur (van der
Vorst et al., 2019).

Recent data reported that the numbers of missing teeth were related to heart failure and
myocardial infarction, whereas the number of teeth missing was not significantly related to
stroke in a longitudinal study with a median follow up time of 15.8 years (Holmlund, Lampa,
& Lind, 2017). In another study the same tendency was reported, missing teeth (≥ 5 missing
teeth) was statistically associated with an event of coronary heart disease and acute
myocardial infarction, whereas tooth loss was not associated with stroke in a 13-year
prospective longitudinal study (Liljestrand et al., 2015). Unfortunately, associations between
periodontitis and CVDs were not reported making comparisons to the present studies
impossible.

In the literature, different classifications and parameters for periodontitis have been used.
Missing teeth have also been proposed as proxi for current or past periodontitis as it is
considered to reflect an accumulation of oral inflammation to which an individual has been
experienced throughout life (Holmlund, & Lind, 2012). Correctly, if untreated, periodontitis
may result in tooth loss and is one of the major reasons for tooth loss in adulthood (Natto,
Aladmawy, Alasqah, & Papas, 2014). In a recent study by Lee et al. (2019) edentulous
individuals demonstrated the highest cardiovascular risk. It is, however, difficult to to be sure
of the reason for missing teeth unless it is clearly reported in the dental records. On the other
hand, bone loss as used in the present study to define periodontal disease is a very strong
indicator of that the patient have had periodontal inflammation. Accordingly using

periodontal bone loss instead of missing teeth may be a more certain way to define
inflammatory burden over time.

The prevalence of periodontitis in the present study was rather low (24.7%). In the US, the
reported prevalence of periodontitis in individuals 65 years and older has been reported to be
70%, and with increasing prevalence by increasing age (Eke, Dye, Wei, Thornton-Evans, &
Genco, 2012). Possible reasons to these differences may be related to the use of different
classifications of periodontitis and also the difference between CAL measurements and
radiographic evidence of bone loss. Eke et al. (2012), when defining “total periodontitis” used
CAL measurements and included both mild, moderat and severe stages of periodontitis.
Among individuals defined as periodontits patients in the present study, individuals with bone
loss corresponding to mild periodontitis were not included . The definition of periodontitis
used in the present study is based on bone loss of ≥ 5 mm from the CEJ to the alveolar bone
level on ≥ 30% of sites. The use of the 5 mm level is chosen to account for possible
measurement errors. Individuals affected with periodontitis in older ages reflects a long
history of periodontitis.

The new accepted classification of periodontitis includes clinical variables (clinical
attachment level (CAL) and probing pocket depth) as well as bone loss in radiographs
(Papapanou et al., 2018). The bone loss reflects the accumulated progressive effect of
periodontitis over long time (Needleman et al. 2018; Reddy, Geurs, Jeffcoat, Proskin, &
Jeffcoat, 2000). Clinical parameters partly reflecting the inflammatory activity, could be more
transient giving the information of the periodontal status at that specific moment. Studies have
reported that mean proportion of bone loss increased with age but proportion of teeth with

periodontal pockets remained unmodified (Billings et al., 2018). In another study the alveolar
bone loss progressed with age but was limited after the age of 50 (Persson, Hollender, &
Persson, 1998). In older individuals gingival recession is the main reason for attachment loss
(Billings et al., 2018). Crestal bone height and CAL have shown good correlation (Machtei,
Hausmann, Grossi, Dunford, & Genco 1997). It has been proven that attachment loss precedes
radiographic evidence of crestal alveolar bone loss during periods of periodontal disease
activity (Goodson, Haffajee, & Socransky, 1984) whereas over time these differences seem to
level off (Machtei, Hausmann, Grossi, Dunford, & Genco, 1997). In our study the limit of
alveolar bone‐loss ≥ 5 mm distance from CEJ to marginal bone level reflects a definitive bone
loss and such a bone loss being present on ≥ 30% of sites corresponds to a general disease
distribution.

One limitation with the present study was that the most fragile and medically compromised
individuals were not able to participate. This may have affected the results possibly lowering
the associations between periodontitis and CVDs. The individuals in the preset study were 60
years or older. While the follow-up period was long obviously many died during the course of
the study. The causes of death were not known but the main reasons for death are still CVDs
(GBD Causes of Death Collaborators, 2018). The consequence of not knowing the reasons for
death makes it impossible to include mortality by CVDs in a combined endpoint among
others, which should have strengthen the associations between periodontitis and CVDs.

A strength with the study is that it is a long time follow-up and the CVD events are easy to
follow and control. Because associations between periodontitis and future CVDs have been

shown it would be interesting to study if well designed preventive dental programs can
influence the incidence of CVDs in long term studies.

In conclusion, a diagnosis of periodontitis in individuals 60-93 years was associated with an
increased risk for death over time. Further a diagnosis of periodontitis was associated with an
increased risk to develop ischemic heart diseases.
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Table 1. Baseline 2001-2003, characteristics of the study individuals

≥ 1 remaining tooth, dental
examination, panoramic radiograph
n=858
Variables
Median age, years

72.0 (SD: ±9.3)

Gender (women)

53.5%

Remaining teeth

18.6 (SD: ±7.5).

Periodontitis

212858 (24.7%)

No current nor former
smoker

428/838 (49.9%)

BMI ≥ 30

192/853 (22.4%)

Hypertension

260/847 (30.3%)

History of stroke

35/853 (4.1%)

History of AMI

66/850 (7.7%)

Diabetes type 2

66/856 (7.7%)

AMI= Acute myocardial infarction, BMI=Body mass index
Periodontitis= Alveolar bone‐loss ≥ 5 mm distance from CEJ to marginal bone level on ≥30% of
sites. Selfreported at baseline: No current nor former smoker, hypertension, history of stroke,
history of AMI and diabetes type 2

Table 2. Associations between ischemic heart diseases and different independent variables by Cox
regression analysis

All individuals
(n=858)
HR
CI
p-value

Women
(n=459)
HR
CI
p-value

Men
(n=399)
HR
CI
p-value

HR:1.9 CI:1.4-2.5
p=0.000**

HR:2.5 CI:1.6-3.8
p=0.000**

HR:1.4 CI:0.9-2.2
p=0.098

BMI≥30

HR:1.2 CI:0.9-1.7
p= 0.246

HR:1.2 CI:0.8-2.0
p=0.417

Diabetes type 2

HR:1.5 CI:1.0-2.4
p=0.079

HR:1.5 CI:0.8-3.0
p=0.243

Gender

HR:1.2 CI:0.9-1.6
p=0.349

Hypertension

HR:1.5 CI:1.1-2.0
p=0.009**

HR:1.8 CI:1.2-2.8
p=0.006**

History of AMI

HR:2.3 CI:1.5-3.5
p=0.000**

Periodontitis

Independent
variables at
baseline
Age category

Smoking

YO
(n=471)
HR
CI
p-value

OO
(n=387)
HR
CI
p-value

HR:1.3 CI:0.8-2.2
p=0.304

HR:1.3 CI:0.8-2.0
p=0.284

HR:1.2 CI:0.7-2.1
p=0.479

HR:1.4 CI:0.7-2.6
p=0.310

HR:1.6 CI:0.8-2.9
p=0.153

HR:1.4 CI:0.7-3.0
p=0.311

HR:1.4 CI:1.0-2.2
p=0.079

HR:0.9 CI:0.6-1.5
p=0.768

HR:1.2 CI:0.7-1.8
p=0.498

HR:1.5 CI:1.0-2.3
p=0.049*

HR:1.5 CI:1.0-2.3
p=0.079

HR:2.5 CI:1.1-5.8
p=0.033*

HR:2.4 CI:1.4-4.1
p=0.001**

HR:2.5 CI:1.2-5.0
p=0.010*

HR:2.2 CI:1.2-4.0
p=0.006**

HR:1.5 CI:1.1-2.1
p=0.017*

HR:2.1 CI:1.3-3.4
p=0.002**

HR:1.1 CI:0.7-1.7
p=0.749

HR:1.3 CI:0.8-2.2
p=0.229

HR:1.7 CI:1.0-2.6
p=0.033*

HR:1.1 CI:0.8-1.5
p=0.634

HR:1.0 CI:0.7-1.6
p=0.900

HR:1.2 CI:0.8-1.8
p=0.475

HR:1.3 CI:0.9-2.0
p=0.181

HR:0.9 CI:0.5-1.4
p=0.579

AMI= Acute myocardial infarction, BMI=Body mass index,
Periodontitis= Alveolar bone‐loss ≥ 5 mm distance from CEJ to marginal bone level on ≥ 30% of
sites
* = p<0.0.5, **=p<0.01

Table 3 Associations between stroke and different independent variables by Cox regression analysis

All individuals
(n=858)
HR
CI
p-value

Women
(n=459)
HR
CI
p-value

Men
(n=399)
HR
CI
p-value

HR:3.4 CI:2.3-5.1
p=0.000**

HR:3.6 CI:2.0-6.4
p=0.000**

HR:3.2 CI:1.8-5.7
p=0.000**

BMI≥30

HR:0.7 CI:0.4-1.1
p=0.157

HR:0.7 CI:0.3-1.4
p=0.282

Diabetes type 2

HR:0.8 CI:0.4-1.7
p=0.613

HR:0.6 CI:0.2-2.2
p=0.474

Gender

HR:1.3 CI:0.9-1.9
p=0.188

Hypertension

HR:1.8 CI:1.2-2.6
p=0.006**

HR:2.1 CI:1.2-3.6
p=0.013*

History of Stroke

HR:3.7 CI:2.0-6.9
p=0.000**

Periodontitis

Independent
variabels at
baseline
Age cut

Smoking

YO
(n=471)
HR
CI
p-value

OO
(n=387)
HR
CI
p-value

HR:0.8 CI:0.4-1.6
p=0.479

HR:1.0 CI:0.5-2.0
p=0.953

HR:0.5 CI:0.3-1.1
p=0.098

HR:1.0 CI:0.4-2.7
p=0.924

HR:0.4 CI:0.1-1.8
p=0.245

HR:1.2 CI:0.5-2.8
p=0.704

HR:1.2 CI:0.6-2.2
p=0.587

HR:1.3 CI:0.8-2.2
p=0.294

HR:1.6 CI:0.9-2.8
p=0.118

HR:1.7 CI:0.9-3.1
p=0.128

HR:1.8 CI:1.1-3.1
p=0.019*

HR:2.7 CI:1.0-7.5
p=0.052

HR:4.6 CI:2.1-10.2
p=0.000**

HR:6.2 CI:2.7-14.4
p=0.000**

HR:2.3 CI:0.9-6.1
p=0.088

HR:1.2 CI:0.8-1.8
p=0.442

HR:1.3 CI:0.7-2.4
p=0.485

HR:1.2 CI:0.6-2.1
p=0.627

HR:1.1 CI:0.5-2.3
p=0.865

HR:1.2 CI:0.7-2.0
p=0.535

HR:1.0 CI:0.7-1.5
p=0.915

HR:0.8 CI:0.4-1.4
p=0.381

HR:1.2 CI:0.7-2.1
p=0.544

HR:1.2 CI:0.7-2.3
p=0.496

HR:0.9 CI:0.6-1.6
p=0.834

AMI= Acute myocardial infarction, BMI=Body mass index,
Periodontitis= Alveolar bone‐loss ≥ 5 mm distance from CEJ to marginal bone level on ≥ 30% of
sites
* = p<0.0.5, **=p<0.01

Table 4 Associations between mortality and different independent variables by Cox regression
analysis
All individuals
(n=858)
HR
CI
p-value

Women
(n=459)
HR
CI
p-value

Men
(n=399)
HR
CI
p-value

HR:5.7 CI:4.6-7.0
p=0.000**

HR:5.9 CI:4.3-7.9
p=0.000**

HR:5.6 CI:4.2-7.5
p=0.000**

BMI≥30

HR:1.0 CI:0.8-1.3
p= 0.863

HR:1.0 CI:0.8-1.5
p=0.675

Diabetes type 2

HR:1.1 CI:0.8-1.5
p=0.591

HR:1.2 CI:0.7-2.0
p=0.554

Gender

HR:1.3 CI:1.1-1.6
p=0.009**

Hypertension

HR:1.2 CI:1.0-1.5
p=0.033*

HR:1.4 CI:1.1-1.9
p=0.012*

History of AMI

HR:1.1 CI:0.8-1.5
p=0.540

History of Stroke

Periodontitis

Independent
variabels at
baseline
Age cut

Smoking

YO
(n=471)
HR
CI
p-value

OO
(n=387)
HR
CI
p-value

HR:1.0 CI:0.7-1.3
p=0.808

HR:1.4 CI:0.9-2.0
p=0.117

HR:0.9 CI:0.7-1.2
p=0.422

HR:1.1 CI:0.7-1.7
p=0.835

HR:1.0 CI:0.6-1.9
p=0.887

HR:1.1 CI:0.7-1.6
p=0.671

HR:1.3 CI:0.9-1.9
p=0.112

HR:1.3 CI:1.0-1.7
p=0.025*

HR:1.1 CI:0.9-1.5
p=0.371

HR:1.2 CI:0.8-1.7
p=0.444

HR:1.3 CI:1.0-1.6
p=0.057

HR:1.4 CI:0.7-2.7
p=0.287

HR:1.0 CI:0.7-1.4
p=0.996

HR:1.3 CI:0.7-2.6
p=0.397

HR:1.0 CI:0.7-1.5
p=0.813

HR:1.9 CI:1.3-2.9
p=0.002**

HR:1.5 CI:0.8-2.8
p=0.225

HR:2.3 CI:1.3-3.9
p=0.004**

HR:1.8 CI:0.9-3.5
p=0.088

HR:1.9 CI:1.1-3.2
p=0.013*

HR:1.4 CI:1.2-1.8
p=0.002**

HR:1.4 CI:1.0-1.9
p=0.055

HR:1.5 CI:1.1-1.9
p=0.006**

HR:2.2 CI:1.5-3.2
p=0.000**

HR:1.2 CI:1.0-1.6
p=0.102

HR:1.0 CI:0.8-1.2
p=0.977

HR:0.9 CI:0.6-1.2
p=0.333

HR:1.1 CI:0.9-1.5
p=0.321

HR:1.1 CI:0.8-1.5
p=0.624

HR:1.0 CI:0.8-1.2
p=0.810

AMI= Acute myocardial infarction, BMI=Body mass index,
Periodontitis= Alveolar bone‐loss ≥ 5 mm distance from CEJ to marginal bone level on ≥ 30% of
sites
* = p<0.0.5, **=p<0.01

.

Figure 1 Cox regression curves:17 year cumulative ischemic heart diseases survival of the total
population, comparing individuals with and without periodontitis

Figure 2 Cox regression curves: 17 year cumulative death survival of the total study population,
comparing individuals with and without periodontitis
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