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The purpose of this thesis was to assess the prevalence and management of established
cardiovascular (CV) risk factors and the prevalence and influence of self-reported markers
(number of teeth and frequency of gum bleeding) of periodontal disease (PD), a less explored
CV risk factor, in patients with stable chronic coronary heart disease (CHD).
We studied patients from the global STabilization of Atherosclerotic plaque By Initiation of
darapLadIb TherapY (STABILITY) trial (n=15,828), in which patients with stable chronic CHD
were randomized to either darapladib or placebo. Our studies were performed using descriptive
statistics and multivariable linear, logistic and Cox regression models.
The use of secondary preventive medications was generally high across the whole study
population. Despite this, CV risk factors were highly prevalent, including obesity, hypertension
and hypercholesterolemia. Achievement of guideline-recommended treatment targets was
lacking and little improvement was seen throughout the study duration.
Approximately 40% of patients reported having <15 remaining teeth and 25% reported gum
bleeding. More tooth loss was associated with a greater CV risk factor burden after adjustment,
while the associations for gum bleeding were less evident.
After multivariable adjustment for CV risk factors and socioeconomic status, more tooth loss
was associated with an increased risk of major adverse CV events (a composite of CV death,
myocardial infarction and stroke), CV mortality, all-cause mortality and fatal or non-fatal stroke.
We found associations between a higher degree of tooth loss and elevated levels of several
prognostic biomarkers known to reflect various pathophysiological mechanisms involved in
CV morbidity and mortality. Most biomarkers had little attenuating effect on the relationship
between tooth loss and outcomes in a multivariable model.
In conclusion, we found an inadequate CV risk factor control despite a high use of evidencebased pharmacological therapies, likely to explain some of the excess risk in CHD patients.
Further, we demonstrated a high prevalence of PD markers, tooth loss in particular, that
were associated with a wide range of established CV risk factors, prognostic biomarkers and
outcomes. Collectively, these findings indicate that tooth loss may be a significant risk factor
among patients with stable chronic CHD.
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“To have his path made clear for him is the aspiration of every human being
in our beclouded and tempestuous existence.”
Joseph Conrad
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Introduction

In recognition of the extensive problem of coronary heart disease (CHD) and
other major non-communicable diseases (NCD), the United Nations passed a
declaration during the high-level meeting in September 2011 committing
countries to take political action to reduce the burden of disease.1 The World
Health Organization (WHO) and other important organizations have followed suit, concluding that a large part of CHD and other NCDs are preventable by adopting low-cost preventive strategies at a global and national
widespread level, aimed at a few common and modifiable risk factors.2-4 The
proposed interventions are a result of decades of CHD research; knowledge
which has been integrated in international guidelines and which has improved prognosis considerably.5-7 However, despite these advances mortality
remains high,8 especially among individuals with manifest CHD who require
intensive prevention measures.7 To further improve the prognosis for these
patients, we need to advance our knowledge about all aspects of the disease,
including assessments of established therapies and by exploring novel areas
of prevention.
Similar to CHD, periodontal disease (PD) is a chronic affliction affecting
millions of individuals worldwide.9 During the WHO World Congress in
2015, the Tokyo Declaration was adopted, acknowledging the growing problem of oral disease and “calling upon health policy-makers and professionals
to significantly reduce the global disease burden, promote greater equity,
and integrate oral health promotion into the NCD prevention and control and
development agenda.”10 In recent years, an escalating interest for oral health
and PD as potential risk factors for cardiovascular (CV) disease has
emerged. However, epidemiological and mechanistic evidence is limited,
particularly in certain populations, and causality has yet to be established.11
As the health care implications of a possible causative association would be
immense in view of the considerable prevalence of PD and given the fact
that it is treatable, further scientific efforts exploring this link should be
made.
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Background

Coronary heart disease – pathophysiology
CHD evolves as a result of complex interactions between genetic factors and
metabolic effects on cellular and molecular mechanisms.8 The formation of
the atherosclerotic plaque in the coronary artery begins in early age as a fatty
streak, a relatively benign manifestation resulting from low-density lipoprotein (LDL) cholesterol infiltrating the vessel wall where it may be retained.
The cholesterol subsequently undergoes enzymatic modification and oxidization, giving rise to various phospholipids and oxidized LDL particles. The
latter are partially absorbed by macrophages, which are subsequently transformed to foam cells, an important component of the atherosclerotic plaque.
The by-products of the LDL modification process further serve as activators
of the endothelium, leading to recruitment of inflammatory cells to the core
of the plaque. They also induce proliferation of smooth muscle cells, which
form a cap covering the plaque.12,13 This so-called stable plaque may grow to
partially obstruct the coronary artery, thereby reducing the supply of oxygen
and nutrients to the myocardium, which in instances of increased demand
leads to myocardial ischemia and angina pectoris.5 However, the stable
plaques are rarely the cause of an acute coronary syndrome, i.e. myocardial
infarction (MI) or unstable angina, which is more likely to occur as a result
of a ruptured unstable plaque.12,14 Plaque instability is promoted by degradation of the fibrous cap by proteolytic enzymes and through the continued
recruitment of inflammatory cells. This ultimately renders the plaque prone
to rupture, which exposes prothrombotic substances to the bloodstream
where they constitute substrate for coagulation activation and platelet aggregation. This can lead to the formation of a thrombus, which can partially or
completely impede the blood flow and cause ischemia and necrosis of the
myocardium.8

Coronary heart disease – prevalence and prognosis
According to the WHO, MI causes more than 7 million deaths per year and
an estimated 54 million people worldwide are suffering from chronic CHD
with angina pectoris.15,16 Within the European Union, 700,000 deaths are
attributed to CHD annually17 and in the United States 16.3 million adults are
12

believed to have chronic CHD, corresponding to 7% of the adult population.18 Despite rising mortality rates in parts of the world, age-related mortality is decreasing, especially in many developed countries.15,19 However, the
combination of improved survival and a growing and ageing population is
resulting in a steady rise in CHD prevalence, which constitutes a major and
increasing source of disability and financial burden on society.15,20–24
The decline in age-related mortality has been attributed to improved treatment of established CHD (e.g. revascularization, secondary preventive therapies) and risk factor control (e.g. smoking cessation strategies, increasing
physical activity, improving cholesterol and blood pressure levels), in roughly equal measure.23,25 Despite these advances, however, patients with CHD
remain at significantly higher risk of recurring MI and death compared to the
general population.26,27 Data from the REduction of Atherothrombosis for
Continued Health (REACH) registry showed that event rates among patients
with established CHD were nearly twice that of individuals without CHD
but with multiple CV risk factors.28 Moreover, although the immediate consequences of the acute coronary syndrome have been ameliorated by new
invasive and pharmacological treatment strategies,29–31 such measures do not
address or diminish atherosclerosis progression against which attention to
co-morbidity and lifestyle-related etiological factors is crucial.

Established modifiable risk factors
A number of groundbreaking studies, including the Framingham and
INTERHEART study, have identified a number of CV risk factors that jointly explain a large part of the overall risk of MI. The majority are either influenced by or are a direct consequence of behaviour and include smoking,
hypercholesterolemia, hypertension, diabetes mellitus, obesity, unhealthy
diet, physical inactivity, and low socioeconomic status.32–35 In addition to the
recognized combined importance of these risk factors, there is an abundance
of evidence of their individual significance and of the beneficial effects that
result from their modification.

Smoking
The harmful effects and prognostic implications of smoking have been previously well documented.36 Furthermore, smoking cessation appears to have
consistent beneficial effects among all patients with a previous MI, producing an estimated 36% risk reduction for all-cause mortality in one study and
thus constituting one of the most effective preventive interventions.37
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Hypercholesterolemia
Elevated cholesterol levels and LDL cholesterol in particular are closely
linked to the development of atherosclerosis and have been independently
linked to CV outcomes.38 Reduction of LDL cholesterol levels has been
shown to improve the outcome of CHD patients,39 with a seemingly linear
beneficial association to levels as low as 1.8 mmol/L,40,41 perhaps even in
low-risk patients.42

Hypertension
According to the INTERHEART study, hypertension constitutes a major
determinant of the overall risk of MI.35 CHD patients with a blood pressure
less than 140/90 mmHg during the majority of their outpatient clinic visits
had a lower risk of CV events compared to those with less rigid control.43
However, there have been indications of a non-linear, possibly J-shaped
relationship, suggesting that an overly aggressive blood pressure-lowering
strategy may be imprudent in CHD patients. Therefore current practice
guidelines do not recommend a systolic blood pressure treatment target below 130 mmHg in this patient category.44

Diabetes mellitus
The detrimental effects of diabetes mellitus on CHD progression have been
demonstrated in large epidemiological studies and recent metaanalyses.32,35,45,46 Patients with a previous MI and diabetes have a poorer
prognosis compared to non-diabetics.47 There is presently no consensus on
how to optimally treat diabetic patients with respect to glycaemic control in
relation to CV outcomes. Conversely to the ostensibly safe and effective
“the lower you go the better”-strategy for the treatment of hypercholesterolemia, some studies of intensive glucose lowering therapy in diabetic patients
have demonstrated unfavourable effects on mortality.48 However, a recent
study with long-term follow-up has put some of the concerns to rest, showing a reduction of CV events in patients allocated to intensive glucoselowering therapy, but no mortality effects, neither positive nor negative.49

Obesity
Obesity has been associated with all-cause mortality and several established
CV risk factors and its high prevalence has been described as a modern
global epidemic.50,51 Although considered an established risk factor for the
development of CHD, its role in patients with chronic CHD and the effects
of weight reduction on CV outcome appear somewhat conflicting.52 Some
studies even demonstrate an “obesity paradox”, suggesting that increased
14

body weight could have a protective effect with a reduced risk of CV events
in patients with established CHD.53,54 However, current guidelines recommend weight reduction in all patients as a means to achieve favourable effects on other CV risk factors.7

Physical activity
Physical activity is an integral part of weight reduction but more importantly
physical inactivity and a sedentary lifestyle are closely linked to an elevated
risk of CV mortality, irrespective of body weight.55 Further, physical activity
and exercise-based rehabilitation initiatives for patients with established
CHD have documented favourable effects on prognosis, with high-risk individuals benefitting the most.56,57

Diet
Dietary patterns have been studied extensively, and observed differences in
CV mortality between Northern and Southern Europe has led to the belief
that a so-called Mediterranean diet (including vegetables, fruits, unsaturated
fatty acids, fish, wholegrain, nuts, and a low intake of red meats) may be
beneficial in patients with CHD.34 This has since been supported by findings
from other studies58 and now constitutes a part of guideline recommendations.7

Socioeconomic status
There are numerous ways of measuring the socioeconomic status of an individual, for example by income or education level. While the former appears
to correlate with CV outcome mainly through associations with other CV
risk factors, the latter has predicted CV outcome independent of other risk
factors and can therefore be considered an important and useful marker.59

Pharmacological treatment in secondary prevention
CHD risk can be modified not only by lifestyle-related measures but also
with pharmacotherapy. Some drugs do not only exert their influence through
positive effects on CV risk factors but are specifically directed at various
pathophysiological aspects of CHD. Platelet inhibition, most commonly in
the form of aspirin, has become mandatory in all patients with established
CHD unless contraindicated due to demonstrated risk reductions for recurrent CV events and death.60 Statins are well documented effective lipidlowering agents with possible beneficial pleiotropic effects and should be
prescribed to all patients with established CHD.40 Randomized studies
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demonstrating favourable effects of beta-blockers in patients with CHD
were performed in an era prior to widespread treatment with statins and
ACE-inhibitors but their use is still recommended, especially in patients
with prior MI.61,62 Finally, several studies have shown that ACE-inhibitors
lower the risk of recurrent events and death in patients with established CHD
and their use in this patient group have become increasingly prevalent in
later years.63

Previous assessments of secondary prevention
Several reports on the prevalence of risk factors and medication use from
various secondary prevention populations have demonstrated substantial
differences between developing and developed countries, rural and urban
areas, and even between countries within the same geographic region.64–71
The cross-sectional EUROASPIRE (European Action on Secondary and
Primary Prevention by Intervention to Reduce Events) reports64–67 have evaluated similar European populations at different points in time, showing a
temporal improvement in the use of medications. Disappointingly, risk factor control (e.g. smoking rates and obesity prevalence) and achievement of
guideline-recommended treatment targets did not improve correspondingly.
In fact, the prevalence of obesity and diabetes was higher in EUROASPIRE
III72 (published in 2009) compared to EUROASPIRE I64 (published in 1997)
while smoking rates and attainment of blood pressure goals remained essentially unchanged. The only substantial improvement was seen for total cholesterol for which 57% reached a target <4.5 mmol/L in EUROASPIRE III
compared to 8% in EUROASPIRE I, most likely a result of a progressive
adaptation to current evidence. Data from the recently published EUROASPIRE IV67 showed a similar pattern when compared to EUROASPIRE
III, i.e. an increased use of cardioprotective medications but little improvement seen in terms of risk factor control.
Other noteworthy assessments of secondary prevention include the REACH
registry68, which represents a larger and more geographically diverse population than EUROASPIRE. Although medication use and attainment of treatment goals was somewhat poorer overall in REACH, the general pattern was
similar. In conclusion, the results from these reports demonstrate the value
of continued evaluation of secondary prevention efficacy, and signal a dire
need for improved lifestyle modification among CHD populations.
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Potential novel risk factors
Although much of the risk for CHD can be attributed to genetic susceptibility and traditional CV risk factors,35 an important part remains unaccounted
for. It could possibly be explained by novel, or hitherto unrecognized factors. If significantly prevalent, such potential risk factors could be important
on a population level even if the risk increase they incur is small. Accordingly, efforts toward the discovery, assessment and treatment of such risk factors are crucial in the continued strive to prevent and diminish the impact of
CHD. Moreover, it is possible that the likelihood of finding evidence for less
explored risk factors is greater in populations with established CHD, who
represent a phenotype with a demonstrated vulnerability to etiological factors.
In recent decades, several possible novel determinants of CHD have been
explored, including components of the lipid metabolism, markers of inflammation, various microbes, and physiological conditions.11,73–78 Nonetheless, while seeming independently associated with CHD, they have not necessarily been deemed sufficiently relevant,79 nor have they always proven to
be viable treatment targets.80–84 PD is one of these emerging risk factors,
which has received increasing attention in recent years. However, the evidence in favour of a link between PD and CHD has not been deemed sufficient to support causality; nor has the association been adequately explored
in certain populations and possible pathophysiological mechanisms connecting the two conditions remain uncertain.85,86

Periodontal disease – pathophysiology and etiology
PD is a chronic condition that can span several decades. It is initiated by the
formation of a bacterial biofilm consisting of gram-negative and anaerobic
pathogens adjacent to the tooth and gingiva. This bacterial plaque triggers a
local host-mediated response consisting of immune cells, cytokines, eicosanoids and matrix metalloproteinases. The ensuing inflammation initially
affects the gums alone, known as gingivitis. It is an early, acute and reversible form of PD but if not addressed adequately by means of dental care, it
may progress to a more permanent destruction of the dental support tissue.
Deepening pockets between the tooth and gingiva will eventually form, followed by destruction of alveolar bone and loss of teeth as the final and irrevocable outcome.87,88
The host-mediated response triggered by the presence of the bacterial plaque
constitutes the most important prerequisite for the initiation of PD.87 However, the susceptibility and progression of disease are also influenced by nu17

merous other factors, several of which are shared with CHD. Genetic factors
could possibly explain a large part of the between-person variation in PD
prevalence. Several gene polymorphisms associated with PD have been suggested but the overall knowledge about the interplay between genetics and
PD warrants further elucidation.89 The age association with PD is well
known but there are also important modifiable risk factors, including smoking and diabetes mellitus. Smoking is the strongest risk factor and has been
demonstrated to increase the risk of PD between 2-14 times across different
age groups.89 Diabetes mellitus, particularly if poorly controlled, is also a
significant risk factor for PD and recent evidence point to the possibility of a
bidirectional relationship, i.e. that PD could aggravate the diabetic condition.90 Other CV risk factors, including socioeconomic status, obesity and
nutrition have also been suggested to play a part in PD etiology but their
specific roles are less clear.88,89

Periodontal disease – diagnosis and prevalence
In a dental health care setting, the diagnosis of PD is principally based on
clinical and/or radiographic examination. Due to the wide range of manifestations of the disease, the diagnosis depends on multiple disease measures
including pocket depth, tissue support, dental plaque, dental calculus and
gingival bleeding on probing, to name a few.87 In an epidemiological setting,
however, comprehensive clinical examinations are both impractical and
expensive and surrogates may be useful, for instance self-reported markers.
Two examples thereof used in this thesis include self-reported gum bleeding
and tooth loss, markers of early reversible PD and chronic end-stage PD,
respectively.
The heterogeneous use of PD definitions is a likely cause of some of the
disparities between PD prevalence estimates. However, a substantial variation is also evident between countries, regions and socioeconomic categories, with PD generally more prevalent in developing countries and underprivileged groups.87,91 Gingivitis, by some estimates, affects as many as 5090% of adults worldwide.87 In the US, approximately half of the adult population have gingival bleeding,89 a sign of gingivitis, and 30-50% are believed
to suffer from periodontitis.88,89 According to the WHO, the prevalence of
edentulism among patients in Europe aged 65 years and above ranges between 15-78% depending on country, and severe PD that can result in tooth
loss affects 5-15% of most populations.92 While many of these prevalence
estimates appear high already, they are often based on limited dental examinations which could actually underestimate the true prevalence as they may
not detect all stages of disease.87
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Evidence linking periodontal disease to coronary heart
disease
Although a relationship between oral health and systemic disease has been
suspected for at least a century,93 it is only in the past 25 years that the scientific community has taken a marked interest in the association between PD
and CHD.94 During that time, numerous publications have addressed the
purported association by assessing various measures of PD in relation to
different aspects of CHD.

Periodontal disease and functional and morphological markers of
coronary heart disease
Both carotid intima media thickness and endothelial dysfunction have been
associated with adverse CV outcomes and can be used as markers of subclinical atherosclerosis.95,96 Three studies demonstrated a relation between
intima media thickness and different measures of PD, including levels of
systemic antibodies against periodontal pathogens,97 subgingival bacterial
load,98 and clinical examination criteria.99 A Swedish study using number of
teeth as marker of PD found an association with atherosclerotic plaque burden in the carotid arteries but not with intima media thickness.100 Varying
degrees of endothelial dysfunction has been demonstrated in PD patients
compared to healthy controls in several studies.101–103 Interestingly, these
differences were only evident when an endothelium-dependent method was
used, indicating that PD could have selective detrimental effects on the endothelium, possibly through negative effects on nitric oxide production.102

Periodontal disease and cardiovascular biomarkers
Several biomarkers with prognostic capabilities independent of traditional
CV risk factors have emerged in recent years. Many of these, including Creactive protein (CRP), interleukin-6 (IL-6), lipoprotein-associated phospholipase A2 (Lp-PLA2), growth differentiation factor 15 (GDF-15), highsensitivity troponin T (hs-Troponin T), and N-terminal pro B-type natriuretic
peptide (NT-proBNP) also reflect different pathophysiological mechanisms
that have been related to various aspects of CHD.77,78,104–107 Evidence of their
associations with PD could therefore further the knowledge about possible
pathophysiological connections between PD and CHD. However, such previous observations are mainly limited to CRP and IL-6 and come from small
studies with limited adjustment, but show modest associations possibly supporting the hypothesis of an inflammatory link between the two conditions.108,109
19

Observational studies of periodontal disease and coronary heart
disease
The assumption of an independent link between PD and CHD is primarily
based on observational studies with considerable heterogeneity regarding PD
exposure measures, sample size, adjustment for confounding factors, and
outcome verification. Most are also geographically limited and important
populations, such as patients with established CHD, are underrepresented.86
Notwithstanding, evidence in favour of a positive association include crosssectional,110–117 case-control,94,118–125 and cohort studies126–137 using either clinical examinations or self-report questionnaires as their source of PD diagnosis. Some studies have demonstrated partly positive findings, for instance
among older age groups and not in younger,138–141 or only for some PD exposure measures but not others.142–148 In contrast, several moderate to large size
studies, most of them prospective cohort studies, did not observe any association between different measures of PD and CHD outcomes.149–156 Despite
this, at least four meta-analyses based on studies of varying methodology
found a modest association between PD and CHD with odds ratios (crosssectional and case-cohort studies) and relative risks (cohort studies) ranging
between 1.59-2.35 and 1.14-1.44, respectively.157–160 In addition to the geographical limitations mentioned above – all studies were performed in single
centres or single countries – only four studies evaluated the PD-CHD association in patients with established CHD. Of these only one study of 214
patients found a positive relationship;137 another demonstrated an association
in never-smokers but not ever-smokers;130 and two studies found no evidence
of PD elevating the risk of recurring events in CHD patients.149,152

Periodontal disease intervention and coronary heart disease
Intervention studies have a vital role in the assessment of causality but no
randomized trials have been performed in the context of PD and CHD, as
they require large sample sizes, long term follow-up and pose ethical challenges.161 However, there are studies that have assessed the effect of PD
treatment on surrogate markers of CHD and CV biomarkers. For instance, a
few studies have reported improved endothelial function and reduced carotid
intima media thickness after periodontal therapy.102,162,163 One of these compared intensive periodontal therapy to community-based dental care and
observed an initial deterioration of endothelial function 24 hours after intensive therapy, only to demonstrate a subsequent improvement after 6 months
compared to the group receiving community-based care.162 Studies evaluating the effect of periodontal therapy on biomarker levels are relatively small
and mainly include CRP and IL-6. Nonetheless, some of them have demonstrated moderate reductions in the levels of these biomarkers following
20

treatment.108,164,165 Finally, a small pilot study attempting to elucidate the influence of PD treatment on CV outcomes could not detect a significant difference in adverse events or outcomes in less than three hundred patients
that were randomized to either intensive periodontal treatment or community-based care over the study duration of approximately two years.166

Hypotheses on association
The identification of plausible pathogenic mechanisms between PD and
CHD is another critical step when establishing causality. There are numerous existing theories, of which some propose localized actions of periodontal pathogens in the coronary arteries, based on findings of bacterial components and DNA in atherosclerotic plaques. A more widespread belief emphasizes the host-mediated response to periodontal pathogens as an important prerequisite for systemic inflammation with subsequent detrimental
effects on CHD development, although the specific characteristics of these
steps are unclear.167 In fact, multiple studies, mostly in-vitro, have suggested
effects on various aspects of the atherosclerotic process.168 One hypothesized
mechanism is endothelial dysfunction resulting from invasion of the endothelium by periodontal pathogens inducing apoptosis. Other evidence has
demonstrated activation of the endothelium by periodontal bacteria, leading
to increased adhesion and recruitment of immune cells into the vascular
wall, promoting foam cell formation. There are also numerous other proposed mechanisms supported by various degrees of evidence by which PD
could affect different aspects of CHD, including LDL oxidation, vascular
cell proliferation, platelet aggregation, chemokine and cytokine release, and
fibrous cap degradation.168
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Main hypothesis

CHD is a globally widespread condition conferring a high risk of mortality.
As new medications and other therapeutic improvements have become
available, long-term prognosis has improved but mortality remains high,
especially among patients with established disease. Reasons for this may
include continued impact by traditional CV risk factors despite secondary
preventive measures. There may also be an influence from less explored risk
factors, the study of which may be particularly advantageous in populations
with established CHD as they have an already demonstrated vulnerability to
etiological factors. We hypothesized that there is a widespread lack of risk
factor control among chronic CHD patients despite a frequent use of cardioprotective medications, which could possibly explain part of their excess
mortality. We further hypothesized that markers of periodontal disease, a
less explored risk factor for CHD, may be highly prevalent in this large
global population and could contribute to an adverse prognosis through a
wide association with CV risk, including risk factors, prognostic biomarkers,
and outcomes.
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Aims

I:
To describe the prevalence of CV risk factors, use of preventive medications, and guideline-recommended risk factor target achievement in a large
global population with chronic CHD.
II:
To assess the influence of PD in a global chronic CHD population by:
a. Describing the prevalence of self-reported gum bleeding and tooth
loss – indicators of PD – and their association with socioeconomic
and CV risk factors.
b. Investigating whether self-reported tooth loss is independently associated with CV outcomes.
c. Investigating associations between self-reported tooth loss and
prognostic biomarkers known to reflect various pathophysiological
mechanisms linked to CV disease, and to investigate the influence of
these biomarkers on the association between tooth loss and clinical
outcomes.
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Methods

The STABILITY trial
The STABILITY trial (STabilization of Atherosclerotic plaque By Initiation
of darapLadIb TherapY) was a randomized, prospective, placebo-controlled,
double blind, multi-centre trial designed to determine the efficacy of darapladib, a reversible and highly selective oral inhibitor of Lp-PLA2, versus
placebo in chronic CHD patients. All participants provided written informed
consent, and the relevant ethics committee of each participating country
approved the study. A detailed account of the STABILITY study design has
been previously published.169 At the end of study, after a median follow-up
of 3.7 years, no significant differences were seen between the darapladib and
placebo arms with respect to the primary endpoint, a composite of CV death,
non-fatal MI or non-fatal stroke.80

Study population
A total of 15,828 patients from 39 countries worldwide were recruited for
participation in the STABILITY study. Details on participating countries by
region are provided in Table 1. All patients had chronic CHD, defined as
prior MI (>1 month prior to randomization), prior coronary revascularization
(percutaneous coronary intervention or coronary artery bypass grafting) or
multi-vessel CHD without revascularization. In addition, at least one of the
following risk enrichment criteria were required: age ≥60 years, diabetes
mellitus requiring pharmacotherapy, high-density lipoprotein (HDL) cholesterol <1.03 mmol/L, current or previous smoker defined as ≥5 cigarettes per
day on average, significant renal dysfunction (estimated glomerular filtration
rate [eGFR] ≥30 and <60 mL/min per 1.73 m2 or urine albumin:creatinine
ratio ≥30 mg albumin/g creatinine), or polyvascular disease (CHD and cerebrovascular disease or CHD and peripheral arterial disease). Exclusion criteria included planned revascularization (either percutaneous coronary intervention or coronary artery bypass grafting) or another major surgical procedure, current liver disease, severe renal impairment (eGFR <30 mL/min per
1.73 m2), a history of nephrectomy or kidney transplantation, current New
York Heart Association class III or IV heart failure, or severe asthma that
was poorly controlled with standard medical therapy.
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Table 1. Region definitions and population distribution.
Region
(n; % of total population)	
  

Countries
(n; % of total population)	
  

US/Canada (3882; 25%)	
  

United States (3102; 20%); Canada (780; 5%)	
  

Eastern Europe (3531; 22%)	
  

Western Europe (3599; 23%)	
  
Latin America (1340; 8%)	
  

Asia (2581; 16%)	
  
SANZA (895; 6%)

Bulgaria (222; 1%); Czech Republic (774; 5%); Estonia
(77; <1%); Hungary (410; 3%); Poland (510; 3%); Romania (411; 3%); Russian Federation (654; 4%); Slovakia
(120; <1%); Ukraine (353; 2%)
Belgium (202; 1%); Denmark (102; <1%); France (250;
2%); Germany (1089; 7%); Greece (187; 1%); Italy (256;
2%); Netherlands (444; 3%); Norway (113; <1%); Spain
(474; 3%); Sweden (299; 2%); United Kingdom (183; 1%)	
  
Argentina (542; 3%); Brazil (384; 2%); Chile (195; 1%);
Mexico (141; <1%); Peru (78; <1%) 	
  
China (369; 2%); India (398; 3%); Japan (318; 2%); Hong
Kong (117; <1%); Korea (503; 3%); Pakistan (250; 2%);
Philippines (219; 1%); Taiwan (200; 1%); Thailand (207;
1%)
South Africa (387; 2%); New Zealand (202; 1%); Australia (306; 2%)	
  

Data collection
Medical examination and biochemical analyses
A medical history including concurrent medical conditions, current pharmacotherapy and smoking status was obtained at baseline. A complete physical
exam, using local instruments, was performed including measurements of
weight, height, waist circumference, lung and heart status, abdominal exam
and peripheral vascular exam. Blood pressure was calculated as the mean of
three measurements performed in a sitting position in the same arm from
visit to visit with a digital sphygmomanometer.
Blood samples for routine laboratory tests and storage for later analyses
were obtained in all patients at baseline. eGFR was calculated according to
the MDRD formula.170 Prognostic biomarker analyses were performed in the
majority of patients, except for IL-6, which was analyzed in 4,642 patients.
Plasma aliquots were stored at -70oC until biochemical analysis. All routine
biochemical and hs-CRP analyses were performed at a central laboratory
with standardized methods (Quest Diagnostics Clinical Laboratories, Inc.,
Valencia, California, USA). CRP was analyzed using the high sensitivity
CardioPhase® hsCRP (Dade Behring, Deerfield, USA) two-site particle
enhanced immunonephelometry sandwich assay. Lp-PLA2 activity was
measured in an automated enzyme assay system (PLAC® Test for Lp-PLA2
Activity, diaDexus, San Francisco, CA, USA. The other biomarker assays
were performed at the UCR Laboratory at Uppsala University, Uppsala,
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Sweden. GDF-15 was measured with the GDF-15 precommercial assay
(Roche Diagnostics, Penzberg, Germany), composed of a monoclonal mouse
antibody for capture and a monoclonal mouse antibody fragment, [F(ab´)2],
for detection in a sandwich assay format. Detection was based on an electrochemiluminiscence immunoassay using a ruthenium (II) complex label. The
levels of hs-troponin T and NT-proBNP were determined by an electrochemiluminescence immunoassay (Roche Diagnostics, Penzberg, Germany).
The Cobas Analytics e601 was used for the ROCHE immunoassays.

Lifestyle questionnaire
The majority of study participants completed a baseline lifestyle questionnaire, including questions on physical activity, diet, mood, stress, alcohol
consumption, education, and dental health. Questions and possible responses
relevant to this thesis are shown in Table 2.
Table 2. Questions and responses from the STABILITY lifestyle questionnaire.
Question
How active are you during your leisure
time?
During a typical week, how much of the
following alcoholic drinks do you have:
Beers and other low alcohol drinks?
(1 drink = 350 ml)
Red wine? (1 drink = 150 ml)
White wine? (1 drink = 150 ml)
Spirits or liquor? (1 drink = 45 ml)
How often have you experienced financial
stress over the last year?
How often have you experienced stress at
home over the last year?
How often have you experienced stress at
work over the last year?
How many teeth do you have in your
mouth?
How often do your gums bleed when
brushing your teeth or at other times?

Response categories
Mainly sedentary, mild exercise, moderate
exercise, strenuous exercise

None, 1-4 drinks, 5-14 drinks, ≥15 drinks

Never, sometimes, often, always
Never, sometimes, often, always
Never, sometimes, often, always, do not
work
No teeth, 1-14, 15-19, 20-25, 26-32 (All)
Never/rarely, sometimes, often, always

Study outcomes
The primary outcome was a composite of CV death, non-fatal MI or nonfatal stroke, collectively termed major adverse cardiovascular events
(MACE). Secondary outcomes were non-fatal or fatal MI, non-fatal or fatal
stroke, CV death, and all-cause mortality. Components of CV death included
death from unknown cause, fatal MI, fatal stroke, complications of a cardiac
procedure, arrhythmia, congestive heart failure/shock, other vascular cause
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of death, and sudden death. All suspected endpoints were documented and
reported by STABILITY study investigators and were adjudicated by an
independent clinical events committee.80

Statistical methods
All papers included in the thesis presented selected baseline characteristics
for the study population based on relevance. In paper I, the characteristics of
the STABILITY population (n=15,828) with particular focus on traditional
CV risk factors were described. In paper II, baseline characteristics included
self-reported number of teeth (n=15,533, 98.1%) and frequency of gum
bleeding (n=15,512, 98.0%) presented by region and country. Due to the low
proportion of patients responding ‘Often’ (3%) or ‘Always’ (1%) and for the
purpose of the statistical analysis, the gum bleeding category was dichotomized into two categories: ‘Never/rarely’ and ‘Sometimes/Often/Always’.
Papers III and IV presented baseline characteristics by tooth loss level and
no data related to gum bleeding were included. The baseline parameters for
all papers were summarized through descriptive statistics, including means,
medians, standard deviations, percentiles and interquartile ranges for continuous variables and frequency and percentages for categorical variables.
The intent of paper I was entirely descriptive in nature, therefore no hypothesis testing was performed.
In paper II, assessment of associations between self-reported tooth loss and
gum bleeding and CV risk factors was performed using linear and logistic
regression models for continuous and categorical variables, respectively.
Each CV risk factor was assessed as a function of number of teeth and gum
bleeding, separately. The regression model was adjusted for age, smoking,
diabetes mellitus, and education. For continuous variables, the model estimated the average unit change for each variable when moving from a higher
(fewer teeth) to a lower (more teeth) tooth loss level and from any versus no
gum bleeding. For categorical variables, the model calculated odds ratios of
having a higher versus a lower value of a risk factor or having versus not
having a risk factor when moving from a higher to a lower tooth loss level,
and from any versus no gum bleeding. Importantly, the analysis in papers IIIII assumes that the spacing between tooth loss levels is equal, i.e. that moving from 1-14 teeth to 15-19 teeth has the same effect as moving from 20-25
teeth to 26-32 teeth.
In paper III, Cox proportional hazards models were used to determine associations between tooth loss levels and clinical outcomes. Both the assumption of linearity and proportional hazards was tested. Three models were
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used adjusting for an increasing number of pre-specified baseline factors.
Model 1 adjusted for randomized treatment alone. Model 2 adjusted for
Model 1, age, systolic blood pressure, diastolic blood pressure, body mass
index (BMI), LDL cholesterol, HDL cholesterol, history of diabetes mellitus, prior MI, gender, smoking status, and waist-hip ratio. Model 3 adjusted
for all factors in Model 2 with the addition of eGFR, family history of CHD,
alcohol consumption, years of education, level of physical activity, and
World Bank country income level (lower middle, upper middle, or high).
Cumulative event rates over time were estimated using the Kaplan-Meier
method.
In paper IV, each biomarker was modelled as a function of tooth loss level
(five levels). All biomarkers were analysed on a log-transformed scale using
linear models. Geometric mean ratios are presented with 95% confidence
intervals (CI) with the lowest tooth loss level (26-32 teeth) as reference, and
according to three adjustment models. Model 1 adjusted for randomized
treatment. Model 2 adjusted for Model 1 and prior MI, prior coronary revascularization, multi-vessel CHD, age, gender, geographic region, diabetes
mellitus, hypertension, significant renal dysfunction, body mass index,
smoking (current, former or never), systolic blood pressure and polyvascular
disease. Model 3 adjusted for Model 2 and eGFR (replacing significant renal
dysfunction), hemoglobin, white blood cells, LDL cholesterol, HDL cholesterol and triglycerides. As an additional explorative analysis, Cox proportional hazards models were used to calculate hazard ratios for MACE and
CV death in relation to tooth loss after adding adjustment for biomarkers to
the multivariable model from paper III. In these models, all biomarkers except Lp-PLA2 activity were added after log-transformation.
A p-value <0.05 was considered statistically significant in all analyses.
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Results

Paper I – Secondary prevention in a global coronary
heart disease population
Paper I described the prevalence of risk factors, use of secondary preventive
medications and achievement of guideline-recommended6,171 risk factor
goals. At the time, recommendations included a blood pressure <140/90
mmHg and <130/80 mmHg in patients with renal insufficiency or diabetes
mellitus, total cholesterol <4.5 mmol/L, and LDL cholesterol <2.5 mmol/L.
Overweight was defined as a BMI ≥25 kg/m2, obesity as a BMI ≥30 kg/m2,
and central obesity as a waist circumference ≥102 cm in men and ≥88 cm in
women. The study population consisted of 19% women and the mean age
was 64.4 years. In 74% of the patients, more than one year had elapsed since
the diagnosis of CHD. Baseline pharmacological treatment by geographic
region is listed in Table 3.
Table 3. Reported pharmacological treatment at baseline by region.
Region
(n)

Anti-platelets, %
(n)

β-blockers, %
(n)

ACE-i/ARB, %
(n)

Statins, %
(n)

All subjects
(15828)
US/Canada
(3882)
Eastern Europe
(3531)
Western Europe
(3599)

96%
(15165)
96%
(3715)
95%
(3371)
94%
(3377)

79%
(12505)
77%
(3002)
90%
(3161)
80%
(2894)

77%
(12196)
73%
(2853)
87%
(3087)
77%
(2774)

97%
(15399)
95%
(3697)
99%
(3500)
98%
(3510)

Latin America
98%
78%
78%
98%
(1340)
(1311)
(1047)
(1040)
(1316)
Asia
98%
71%
69%
97%
(2581)
(2524)
(1821)
(1774)
(2503)
SANZA
97%
65%
75%
98%
(895)
(867)
(580)
(668)
(873)
SANZA, South Africa/New Zealand/Australia; ACE-i, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blockers

A total of 79% of the population were overweight and 36% were obese, with
considerable regional differences (Figure 1). The Asian region had a signifi29

cantly lower proportion of overweight and obese individuals compared to
the other regions. More than half of all participants met the definition for
central obesity.
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Figure 1. Prevalence of overweight, obesity and central obesity.

Figure 2 lists the prevalence of several traditional CV risk factors. Of all
participants, 38% had diabetes mellitus requiring pharmacotherapy. Among
patients who did not have a history of diabetes, a fasting plasma glucose !7
mmol/L at baseline was observed in 5%. Elevated LDL cholesterol was
found in 29% of the population but with substantial interregional variation
and 33% had elevated total cholesterol. Elevated blood pressure was observed in 46% of patients but when applying a target of !130/80 mmHg to
all patients, the proportion rose to 65%. Patients with diabetes or chronic
kidney disease generally had poorer blood pressure control than patients
without these conditions. Of all patients, 96% were on a blood pressurelowering medication. The prevalence of current smoking at baseline was
18% for all with a somewhat greater proportion of smokers among men
(19% of men vs. 14% of women). In Asia, there were few female smokers
overall (2% of women vs. 21% of men).
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Figure 2. Prevalence of current smoking, elevated blood pressure, elevated LDL
cholesterol and diabetes mellitus.

Table 4 shows quantitative risk factors by region. Of patients with diabetes,
44% met the HbA1c target of <7% (IFCC HbA1c: 53 mmol/mol) with lower
proportions in Latin America and South Africa/New Zealand/Australia
(SANZA).
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All subjects
US/Canada
Eastern
Europe
Western
Europe
Latin
America
Asia
SANZA

Region

101.3 (13.2)
105.8 (14.3)

102.0 (12.2)

103.1 (12.0)

100.4 (11.2)

91.6 (9.9)
101.8 (13.7)

29.4 (4.5)

29.0 (4.5)

28.6 (4.3)

25.2 (3.5)
29.4 (5.0)

Waist
circumference (cm,
mean, SD)

29.0 (5.1)
31.0 (6.0)

Body
mass
index
(kg/m2,
mean, SD)

128.7 (16.8)
136.2 (17.0)

131.6 (17.7)

133.5 (16.6)

132.3 (15.2)

131.5 (16.6)
129.7 (16.6)

Systolic BP
(mmHg,
mean, SD)

Table 4. Quantitative risk factors by region.

77.2 (10.9)
81.0 (10.1)

76.2 (11.0)

79.7 (10.1)

81.1 (9.5)

78.7 (10.4)
76.9 (10.1)

Diastolic
BP (mmHg,
mean, SD)

4.03 (1.0)
4.24 (1.0)

4.33 (1.1)

4.30 (0.9)

4.56 (1.1)

4.22 (1.1)
3.94 (1.0)

Total
cholesterol
(mmol/l,
mean, SD)

2.06 (0.82)
2.25 (0.87)

2.27 (0.90)

2.26 (0.75)

2.51 (0.94)

2.20 (0.85)
1.92 (0.75)

LDL cholesterol
(mmol/l,
mean, SD)

1.15
1.14

1.15

1.18

1.19

1.15
1.15

HDL
cholesterol
(mmol/l,
median)

5.34 (0.95)
5.60 (1.07)

5.70 (0.99)

5.71 (0.91)

5.75 (0.89)

No diabetes
5.64 (0.91)
5.67 (0.77)

7.44 (2.71)
8.45 (3.23)

9.15 (3.90)

8.33 (2.80)

8.64 (3.28)

Diabetes
8.21 (3.12)
7.96 (3.06)

Fasting plasma glucose
(mmol/L, mean, SD)

Paper II – Prevalence of periodontal disease markers
and associations with cardiovascular risk factors
Prevalence of tooth loss and gum bleeding
Baseline characteristics are displayed in Table 5, showing a high overall
prevalence of tooth loss: 16.4% reported having no teeth and 40.9% reported
having less than 15 remaining teeth. Approximately one quarter of the patients reported any frequency of gum bleeding.
Table 5. Baseline characteristics
Characteristic
Age (years)
Gender
Female
Male
Number of remaining teeth
No teeth
1-14
15-20
21-25
26-32 (All)
Gum bleeding
Never/Rarely
Sometimes/Often/Always
Smoking status
Never
Former
Current
Education
None/1-8 years
9-12 years
Trade school
College/university
Ethnicity
White
Asian
Other
Diabetes1
No
Yes
Alcohol consumption (drinks/week)
0
1-4
5-14
≥ 15

Value
65.0 (59, 71)
N= 15828
2967 (18.7%)
12861 (81.3%)
N= 15533
2551 (16.4%)
3803 (24.5%)
2174 (14.0%)
3689 (23.2%)
3316 (21.3%)
N= 15512
11548 (74.4%)
3964 (25.6%)
N= 15826
4892 (30.9%)
8079 (51.0%)
2855 (18.0%)
N= 15511
3566 (23.0%)
4750 (30.6%)
2831 (18.3%)
4364 (28.1%)
N= 15828
12412 (78.4%)
2717 (17.2%)
699 (4.4%)
N= 15828
9762 (61.7%)
6066 (38.3%)
N= 15412
7243 (47.0%)
3747 (24.3%)
3370 (21.9%)
1052 (6.8%)
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Characteristic
Value
Work stress
N= 15455
Do not work/rarely/never
10737 (69.5%)
Sometimes
3026 (19.6%)
Often/Always
1692 (10.9%)
Home stress
N= 15146
Never/Rarely
6378 (42.1%)
Sometimes
6964 (46.0%)
Often/Always
1804 (11.9%)
Financial stress
N= 15117
Never/Rarely
7683 (50.8%)
Sometimes
4935 (32.6%)
Often/Always
2499 (16.5%)
Leisure time physical activity
N= 15170
Mainly sedentary
4929 (32.5%)
Mild exercise
6701 (44.2%)
Moderate/Strenuous exercise
3540 (23.3%)
LDL cholesterol (mmol/L)
2.1 (2, 3)
Systolic blood pressure (mmHg)
131.0 (120, 142)
Waist circumference (cm)
100.5 (93, 109)
Fasting p-glucose (mmol/L)
5.9 (5, 7)
Estimated glomerular filtration rate
77.8 (65.9, 89.8)
(mL/min/1.73m2)
9
White blood cell count (10 /L)
6.6 (6, 8)
High sensitivity C-reactive protein
1.3 (1, 3)
(mg/L)
th
th
Data are median (25 , 75 ) for continuous variables and n (%) for categorical variables.
1
Type 1 or type 2 diabetes with or without treatment

There were marked differences between geographic regions, particularly for
prevalence of number of teeth, as demonstrated in Figure 3. Compared with
tooth loss, the extent of gum bleeding in the population appeared less pronounced. Tooth loss was less prevalent in the Asian ethnic group compared
to the White and Other ethnic groups.
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Figure 3. Prevalence of tooth loss (<15 remaining teeth) and gum bleeding (sometimes/often/always) by geographic region and ethnicity.

Table 6 lists all participating countries and the proportion of patients in each
country with less than 15 teeth and any frequency of gum bleeding, demonstrating substantial variation in prevalence between countries, even within
the same geographic region.
Table 6. Proportion of patients with evidence of periodontal disease by country
Country

Region

All Countries
Slovakia
Poland
South Africa
Hungary
Czech Republic
Brazil
Netherlands
Chile
Argentina
Estonia
Romania
Italy
Belgium
Germany
Bulgaria
Philippines
Canada
New Zealand
Japan
Hong Kong
Spain

Eastern Europe
Eastern Europe
SANZA
Eastern Europe
Eastern Europe
Latin America
Western Europe
Latin America
Latin America
Eastern Europe
Eastern Europe
Western Europe
Western Europe
Western Europe
Eastern Europe
Asia
USA/Canada
SANZA
Asia
Asia
Western Europe

N participants
(% of total)

% with < 15
teeth

% with gum
bleeding

15,533 (100%)
118 (0.8%)
490 (3.2%)
383 (2.5%)
396 (2.5%)
767 (4.9%)
376 (2.4%)
444 (2.9%)
194 (1.2%)
537 (3.5%)
77 (0.5%)
408 (2.6%)
196 (1.3%)
202 (1.3%)
1,063 (6.8%)
219 (1.4%)
214 (1.4%)
777 (5.0%)
201 (1.3%)
316 (2.0%)
116 (0.7%)
435 (2.8%)

40.9%
68.6%
66.7%
62.7%
62.4%
60.4%
60.1%
59.2%
54.1%
53.8%
51.9%
49.8%
48.0%
46.5%
46.4%
46.1%
45.3%
45.0%
43.3%
41.8%
40.5%
40.5%

25.6%
17.8%
28.5%
12.8%
36.8%
35.3%
13.6%
16.2%
26.8%
16.2%
44.2%
47.9%
25.0%
19.9%
22.8%
38.1%
21.3%
19.6%
19.8%
30.2%
36.8%
35.3%

35

Country

Region

N participants
(% of total)

% with < 15
teeth

% with gum
bleeding

United Kingdom
Greece
Peru
Russian Federation
Ukraine
Taiwan
Mexico
United States
Australia
France
Thailand
Denmark
South Korea
Sweden
Pakistan
China
Norway
India

Western Europe
Western Europe
Latin America

183 (1.2%)
187 (1.2%)
78 (0.5%)

39.9%
38.5%
37.2%

21.3%
22.5%
25.6%

Eastern Europe

652 (4.2%)

37.1%

42.5%

Eastern Europe
Asia
Latin America
USA/Canada
SANZA
Western Europe
Asia
Western Europe
Asia
Western Europe
Asia
Asia
Western Europe
Asia

352 (2.3%)
197 (1.3%)
137 (0.9%)
3,067 (19.7%)
301 (1.9%)
236 (1.5%)
206 (1.3%)
100 (0.6%)
502 (3.2%)
296 (1.9%)
230 (1.5%)
369 (2.4%)
113 (0.7%)
398 (2.6%)

34.7%
32.5%
31.4%
31.4%
30.6%
29.2%
28.2%
28.0%
24.5%
19.3%
18.3%
16.3%
14.2%
11.3%

46.9%
38.7%
31.9%
18.7%
24.4%
34.4%
24.8%
23.2%
19.0%
28.0%
21.9%
31.3%
34.5%
15.6%

Tooth loss, risk factors and biomarkers
Table 7 reports adjusted associations between tooth loss and CV risk factors,
listing the estimated average change in the level of each risk factor and biomarker for every move from a higher to a lower tooth loss level; for instance when moving from ‘No teeth’ to ‘1-14 teeth’. Lower tooth loss levels
were associated with lower levels of all continuous risk factors, except
eGFR. Figure 4 shows that tooth loss was associated with all categorical risk
factors, except physical activity. Lower tooth loss levels were associated
with decreased odds of diabetes mellitus, smoking, home and financial
stress, but with increased odds of higher education level, work stress, and
more frequent alcohol consumption.

Gum bleeding, risk factors and biomarkers
Table 7 shows the estimated average change of each continuous risk factor
and biomarker for participants with gum bleeding versus those without.
Compared to tooth loss, gum bleeding was not as strongly associated with
the continuous risk factors, nevertheless demonstrating positive associations
with LDL cholesterol and systolic blood pressure. Figure 5 shows that gum
bleeding was associated with all categorical risk factors, with the exception
of diabetes mellitus and physical activity. Gum bleeding was associated with
decreased odds of smoking but increased odds of having a higher education,
stress, and more frequent alcohol consumption.
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Table 7. Association between tooth loss, gum bleeding and continuous CV risk factors

Fasting p-glucose
(mmol/L)2
eGFR
(mL/min/1.73m2)
LDL cholesterol
(mmol/L)
Systolic blood
pressure (mmHg)

Tooth loss

Gum bleeding

Estimate (99.76% CI)1 p-value

Estimate (99.76% CI)1

p-value

-0.03 (-0.04, -0.02)

< 0.0001

0.01 (-0.01, 0.03)

1.000

0.48 (0.18, 0.79)

< 0.0001

0.28 (-0.67, 1.2)

1.000

-0.03 (-0.04, -0.02)

< 0.0001

0.04 (0.01, 0.07)

0.0003

1.28 (0.36, 2.2)

0.0005

-0.41 (-0.71, -0.1)

0.0010

WBCC (109/L)

-0.02 (-0.02, -0.01)

< 0.0001

-0.01 (-0.03, 0.01)

1.000

Waist circumference (cm)

-0.51 (-0.75, -0.27)

< 0.0001

0.14 (-0.59, 0.88)

1.000

hs-CRP (mg/L)

-0.14 (-0.17, -0.1)

< 0.0001

0.01 (-0.09, 0.11)

1.000

1
2

Adjusted for age, smoking, diabetes and education level.
Adjusted for age, smoking and education level.

Figure 4. Association between tooth loss and categorical CV risk factors. All ORs
are adjusted for age, smoking status, educational level and diabetes mellitus, except
for diabetes mellitus (adjusted for age, smoking status, and education), smoking
(adjusted for age, diabetes mellitus, and education) and education (adjusted for age,
smoking, and diabetes mellitus). [1] Cumulative logit displays odds of vs. lower
value of variable.
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Figure 5. Association between gum bleeding and categorical CV risk factors. All
ORs are adjusted for age, smoking status, educational level and diabetes mellitus,
except for diabetes mellitus (adjusted for age, smoking status, and education), smoking (adjusted for age, diabetes mellitus, and education) and education (adjusted for
age, smoking, and diabetes mellitus). [1] Cumulative logit displays odds of vs. lower
value of variable.

Paper III – Associations between tooth loss and
outcomes
The median follow-up time was 3.7 years. Baseline characteristics are given
in Table 8. There were no differences observed between the two treatment
groups for any outcome, irrespective of tooth loss level. The relationship
between gum bleeding and outcomes was also assessed, but not presented in
paper III for reasons discussed elsewhere. Nevertheless, gum bleeding was
not associated with any of the outcomes in the analysis. For all outcomes,
risk factor associations observed after adjustment for randomized treatment
were attenuated after adjustment for CV risk factors and socioeconomic status (Table 9). This attenuation was largely an effect of adjustment for the
traditional CV risk factors in Model 2, with little additional impact of variables added in Model 3.
MACE
During follow-up, there were 1543 patients suffering from MACE. After
adjusting for CV risk factors and socioeconomic status, there was a 6% increased risk of MACE associated with every increase in level of tooth loss
(Table 9). Patients in the highest tooth loss level (no teeth) had a 27% higher
risk of MACE vs. the lowest (26–32 teeth) after adjustment in Model 3 (Ta38

ble 10). A continuous separation of event curves throughout follow-up was
observed, as pictured in Figure 6a.
Cardiovascular death and all-cause death
CV and all-cause death occurred in 705 and 1120 patients, respectively. For
every increase in tooth loss level a gradually increased risk of CV death
(17% in Model 3) and all-cause death (16% in Model 3) was observed (Table 9). In comparison to the lowest tooth loss level, the highest level entailed
an 85% and 81% increased risk of CV and all-cause death, respectively, after
adjustment in Model 3 (Table 10). The event curves across tooth loss categories for CV death showed a consistent separation, with the two lowest levels
having similar event rates (Figures 6b and 6c).
MI
There were a total of 746 patients with fatal or non-fatal MI. There was a 7%
increased risk of MI for every increase in tooth loss level; however, after
adjustment, no statistically significant association remained (Table 9).
Stroke
Fatal or non-fatal stroke occurred in 301 patients. Every increase in tooth
loss level was associated with a 14% (Model 3) increased risk of stroke (Table 9). Individuals in the highest tooth loss level had a 67% higher risk of
stroke compared to those in the lowest level, in the fully adjusted model
(Table 10). Estimates of event curves by tooth loss category showed a continuous separation of curves that continued throughout follow-up (Figure
6d).
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Age, years
Gender
Female
Male
Smoking status
Never smoked
Former smoker
Current smoker
Diabetes
Chronic kidney disease
Prior MI
Prior revascularization
Education
None
1-8 years
9-12 years
Trade school
College/university
Alcohol consumption per week
None
1-4 drinks
5-14 drinks
≥15 drinks

Characteristics

Lowest
26-32 Teeth
(n=3310)
61.1 +/- 10.0
455 (13.7)
2855 (86.3)
1288 (38.9)
1530 (46.2)
492 (14.9)
1173 (35.4)
791 (23.9)
1829 (55.3)
2547 (76.9)
116 (3.5)
484 (14.7)
858 (26.1)
478 (14.5)
1356 (41.2)
1515 (53.6)
541 (19.1)
461 (16.3)
310 (11.0)

All Patients
(n=15456)
64.4 +/- 9.3

2882 (18.6)
12574 (81.4)

4755 (30.8)
7918 (51.2)
2782 (18.0)
5991 (38.8)
4668 (30.2)
9101 (58.9)
11582 (74.9)

551 (3.6)
2956 (19.2)
4713 (30.7)
2797 (18.2)
4348 (28.3)

7138 (54.8)
2468 (18.9)
2063 (15.8)
1364 (10.5)

Table 8. Baseline characteristics by tooth loss level

1529 (50.1)
619 (20.3)
551 (18.0)
354 (11.6)

97 (2.6)
566 (15.5)
1064 (29.0)
653 (17.8)
1283 (35.0)

1212 (32.9)
1859 (50.5)
609 (16.5)
1378 (37.4)
1004 (27.3)
2137 (58.1)
2757 (72.8)

555 (15.1)
3125 (84.9)

20-25 Teeth
(n=3680)
63.2 +/- 9.2

942 (51.8)
367 (20.2)
298 (16.4)
213 (11.7)

66 (3.1)
363 (16.8)
701 (32.5)
424 (19.7)
602 (27.9)

650 (30.0)
1092 (50.4)
425 (19.6)
794 (36.6)
681 (31.4)
1299 (59.9)
1593 (73.5)

431 (19.9)
1736 (80.1)

15-19 Teeth
(n=2167)
64.5 +/- 9.0

Tooth Loss Level

1819 (57.1)
589 (18.5)
476 (14.9)
301 (9.5)

142 (3.8)
866 (23.1)
1231 (32.8)
778 (20.7)
739 (19.7)

1030 (27.2)
2014 (53.2)
741 (19.6)
1565 (41.3)
1237 (32.7)
2361 (62.4)
2783 (75.6)

816 (21.6)
2969 (78.4)

1-14 Teeth
(n=3785)
65.8 +/- 8.5

1333 (62.1)
352 (16.4)
277 (12.9)
186 (8.7)

130 (5.2)
677 (27.1)
859 (34.4)
464 (18.6)
368 (14.7)

575 (22.9)
1423 (56.6)
515 (20.5)
1081 (43.0)
955 (38.0)
1475 (58.7)
1902 (75.7)

625 (24.9)
1889 (75.1)

Highest
No Teeth
(n=2514)
68.2 +/- 8.0
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4891 (32.8)
6643 (44.6)
3375 (22.6)
2.2 ± 0.9
1.2 ± 0.3
75.8 ± 18.1
131.5 ± 16.6
78.7 ± 10.4
28.9 ± 5.0

Characteristics

Leisure time physical activity
Sedentary
Mild exercise
Moderate exercise
LDL cholesterol, mmol/L
HDL cholesterol, mmol/L
eGFR, mL/min/1.73m2
Systolic BP, mmHg
Diastolic BP, mmHg
BMI, kg/m2
Data are n (%) and mean ± SD
1072 (33.3)
1432 (44.4)
719 (22.3)
2.1 ± 0.8
1.2 ± 0.3
78.7 ± 17.8
128.8 ± 16.0
78.4 ± 10.2
28.5 ± 5.0

1066 (30.0)
1604 (45.1)
888 (25.0)
2.2 ± 0.8
1.2 ± 0.3
77.2 ± 17.8
131.3 ± 16.1
78.7 ± 10.3
29.1 ± 5.1

20-25 Teeth
(n=3680)
635 (30.4)
950 (45.5)
502 (24.1)
2.2 ± 0.8
1.2 ± 0.3
75.3 ± 18.1
131.6 ± 17.0
78.8 ± 10.4
28.9 ± 5.0

15-19 Teeth
(n=2167)

Tooth Loss Level

1271 (35.1)
1557 (43.0)
790 (21.8)
2.3 ± 0.9
1.2 ± 0.3
74.5 ± 18.2
132.6 ± 16.4
79.2 ± 10.3
29.0 ± 4.8

1-14 Teeth
(n=3785)

1543

705

746

MACE

CV death

MI

1.07 (1.02, 1.13)

1.30 (1.23, 1.37)

1.16 (1.12, 1.20)

Model 1

0.008

<0.001

<0.001

p-value

1.01 (0.95, 1.06)

1.18 (1.12, 1.25)

1.08 (1.04, 1.12)

Model 2

0.849

<0.001

<0.001

p-value

0.99 (0.94, 1.05)

1.17 (1.10, 1.24)

1.06 (1.02, 1.10)

Model 3

0.822

<0.001

0.004

Stroke
301
1.22 (1.13, 1.33)
<0.001
1.13 (1.04, 1.24)
0.005
1.14 (1.04, 1.24)
0.007
All-cause
1120 1.30 (1.25, 1.36)
<0.001
1.17 (1.12, 1.23)
<0.001
1.16 (1.11, 1.22)
<0.001
death
Model 1 is adjusted for study treatment only. Model 2: Model 1 and age, systolic blood pressure, diastolic blood pressure, BMI, LDL cholesterol,
HDL cholesterol, history of diabetes, prior MI, gender, smoking status and waist hip ratio. Model 3: Model 2 and eGFR, family history of CHD,
alcohol consumption, years of education, level of physical activity and country income level. †Number of patients with an event in Model 1.

N†

Outcome

p-value

847 (35.0)
1100 (45.4)
476 (19.6)
2.2 ± 0.8
1.2 ± 0.3
72.3 ± 18.0
133.4 ± 17.3
78.2 ± 10.6
29.3 ± 5.2

Highest
No Teeth
(n=2514)

Table 9. Hazard ratios for every increase in tooth loss level (“26-32” [Lowest level] to ‘No teeth’ [Highest level])

All Patients
(n=15456)

Lowest
26-32 Teeth
(n=3310)

Table 10. Accumulated hazard ratios for each tooth loss level relative to “26-32
teeth” (Lowest level)
Tooth Loss Level
Lowest

Highest

Outcome

26-32 20-25
HR
HR (95% CI)

MACE

15-19
HR (95% CI)

1-14
HR (95% CI)

No Teeth
HR (95% CI)

1

1.06 (1.02, 1.10)

1.13 (1.04, 1.22)

1.19 (1.06, 1.35)

1.27 (1.08, 1.49)

CV death 1

1.17 (1.10, 1.24)

1.36 (1.21, 1.54)

1.59 (1.32, 1.91)

1.85 (1.45, 2.37)

MI

0.99 (0.94, 1.05)

0.99 (0.88, 1.11)

0.98 (0.82, 1.17)

0.97 (0.77, 1.23)

1

Stroke
1
1.14 (1.04, 1.24) 1.29 91.07, 1.55) 1.46 (1.11, 1.92) 1.67 (1.15, 2.39)
All-cause
1
1.16 (1.11, 1.22) 1.35 (1.22, 1.48) 1.56 (1.35, 1.80) 1.81 (1.50, 2.20)
death
Estimates are accumulated hazard ratios (HR, 95% CI) adjusted according to Model 3.
a)

b)

c)

d)

Figure 6. Cumulative incidence by tooth loss level for: a) MACE (CV death, MI, or
stroke); b) CV death; c) all-cause death; and d) stroke from 0-1400 days from randomization, stratified by tooth loss level (lowest to highest).

42

Paper IV – Associations between tooth loss and
biomarkers
Baseline characteristics and associations with biomarkers
Standard baseline characteristics have been previously presented in Table 8
and biomarker levels by tooth loss level are presented in Table 11. Patients
with a higher tooth loss level had progressively higher baseline levels of the
inflammatory biomarkers hs-CRP, IL-6 and Lp-PLA2 activity. Similar patterns of increasing biomarker levels with more tooth loss were also evident
for the cardiac biomarkers hs-Troponin T and NT-proBNP, as well as for
GDF-15. As demonstrated in Table 12, a higher tooth loss level entailed
progressively greater relative increases for all prognostic biomarkers in relation to the lowest tooth less level, according to Model 1. After multivariable
adjustment in Model 2 and 3 the association remained for all biomarkers,
except hs-Troponin T.
Associations between tooth loss and cardiovascular outcomes
Table 13 demonstrates the association between one increase in tooth loss
level and the risk of MACE and CV death as presented in paper III with the
subsequent addition of prognostic biomarkers to the previously fully adjusted model as a means to assess the independent predictive ability of tooth loss
further. In Model 3, which included adjustment for a wide range of CV risk
factors, socioeconomic status and routine laboratory variables, every increase in tooth loss level entailed a relative risk increase to 1.06 and 1.17 for
MACE and CV death, respectively. This result was only slightly attenuated
by the addition of most biomarkers, except NT-proBNP, which eliminated
the association with MACE. Despite adjustment for all biomarkers, the association between tooth loss and CV death remained.
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4642
1.8 (1.2; 2.9)

IL-6, pg/mL
n
Median (Q1; Q3)

< 0.0001

< 0.0001

< 0.0001

2960
132 (64; 278)

2952
8.5 (5.7; 12.7)

3392
152 (72; 328)

3386
8.7 (6.0; 13.3)

2003
177 (88; 392)

1996
9.4 (6.2; 14.3)

3505
202 (97; 450)

3497
9.8 (6.4; 14.8)

2321
224 (108; 493)

2316
10.4 (6.9; 16.2)

< 0.0001

< 0.0001

14181
173 (83; 377)

2325
176 (148; 207)

708
2.1 (1.4; 3.4)

2271
1.7 (0.8; 4.0)

p-value

NT-proBNP, ng/L
n
Median (Q1; Q3)

3520
173 (144; 206)

1154
1.9 (1.3; 3.0)

3467
1.5 (0.7; 3.3)

Highest
No Teeth
(n=2514)

14147
9.3 (6.2; 14.2)

1984
172 (143; 204)

654
1.8 (1.2; 2.8)

1972
1.4 (0.7; 3.0)

1-14 Teeth
(n=3785)

hs-Troponin T, ng/L
n
Median (Q1; Q3)

3366
172 (143; 202)

1130
1.8 (1.2; 2.7)

3389
1.3 (0.6; 2.8)

15-19 Teeth
(n=2167)

14237
2974
3385
2011
3528
2339
< 0.0001
1254 (915;1827) 1120 (824; 1615) 1181 (876; 1709) 1225 (907; 1792) 1314 (962; 1888) 1486 (1069; 2172)

2960
171 (140; 203)

996
1.6 (1.1; 2.5)

2977
1.1 (0.5; 2.6)

20-25 Teeth
(n=3680)

Tooth Loss Level

GDF-15, pg/mL
n
Median (Q1; Q3)

Lp-PLA2, µmol/min/L
n
14155
Median (Q1; Q3)
173 (143; 204)

14076
1.3 (0.6; 3.1)

All Patients
(n=15456)

hs-CRP, mg/L
n
Median (Q1; Q3)

Biomarker

Lowest
26-32 Teeth
(n=3310)

Table 11. Baseline biomarker levels by tooth loss level

45

1.00
1.11 (1.05; 1.17)
1.25 (1.17; 1.33)
1.31 (1.24; 1.39)
1.55 (1.45; 1.65)

1.00
1.12 (1.06; 1.18)
1.12 (1.05; 1.19)
1.21 (1.15; 1.28)
1.35 (1.27; 1.44)

1.00
1.01 (1.00; 1.03)
1.02 (1.00; 1.04)
1.02 (1.01; 1.04)
1.05 (1.03; 1.06)

1.00
1.06 (1.03; 1.09)
1.10 (1.07; 1.13)

IL-6
26-32
20-25
15-19
1-14
No teeth

Lp-PLA2
26-32
20-25
15-19
1-14
No teeth

GDF-15
26-32
20-25
15-19
< 0.0001

< 0.0001

< 0.0001

< 0.0001

Model 1
(Relative Increase p-value
[95% CI])

hs-CRP
26-32
20-25
15-19
1-14
No teeth

Biomarker and
tooth loss level

1.00
1.02 (1.00; 1.04)
1.04 (1.01; 1.06)

1.00
1.01 (1.00; 1.03)
1.02 (1.00; 1.04)
1.03 (1.02; 1.05)
1.06 (1.04; 1.08)

1.00
1.05 (1.00; 1.11)
1.03 (0.97; 1.10)
1.09 (1.03; 1.16)
1.18 (1.10; 1.25)

1.00
1.01 (0.96; 1.07)
1.10 (1.03; 1.17)
1.12 (1.06; 1.19)
1.28 (1.20; 1.36)

Model 2
(Relative Increase
[95% CI])

< 0.0001

< 0.0001

< 0.0001

< 0.0001

p-value

1.00
1.03 (1.01; 1.05)
1.04 (1.02; 1.07)

1.00
1.01 (1.00; 1.03)
1.02 (1.00; 1.03)
1.02 (1.01; 1.04)
1.05 (1.03; 1.06)

1.00
1.06 (1.00; 1.11)
1.06 (0.99; 1.23)
1.09 (1.03; 1.15)
1.15 (1.08; 1.22)

1.00
1.01 (0.96; 1.07)
1.08 (1.02; 1.15)
1.08 (1.02; 1.14)
1.22 (1.14; 1.29)

Model 3
(Relative Increase
[95% CI])

Table 12. Change in biomarker levels relative to the lowest tooth loss level (26-32 teeth) by stepwise adjustment

< 0.0001

< 0.0001

0.0005

< 0.0001

p-value
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1.00
1.16 (1.10; 1.23)
1.37 (1.29; 1.47)
1.55 (1.47; 1.64)
1.71 (1.61; 1.82)

NT-proBNP
26-32
20-25
15-19
1-14
No teeth
< 0.0001

< 0.0001

1.00
1.04 (0.99; 1.09)
1.09 (1.03; 1.16)
1.14 (1.08; 1.20)
1.17 (1.11; 1.25)

1.00
0.98 (0.95; 1.01)
1.01 (0.97; 1.04)
1.01 (0.98; 1.04)
1.02 (0.99; 1.06)

Model 2
(Relative Increase
[95% CI])
1.07 (1.05; 1.10)
1.11 (1.09; 1.14)

< 0.0001

0.0755

p-value

1.00
1.07 (1.01; 1.12)
1.12 (1.05; 1.19)
1.15 (1.09; 1.21)
1.18 (1.11; 1.25)

1.00
0.98 (0.95; 1.01)
1.01 (0.98; 1.05)
1.01 (0.98; 1.04)
1.02 (0.98; 1.06)

Model 3
(Relative Increase
[95% CI])
1.07 (1.05; 1.10)
1.11 (1.08; 1.13)

< 0.0001

0.1607

p-value

The relative increase is the adjusted geometric mean ratio. All biomarkers were log-transformed, except Lp-PLA2.
Model 1 is adjusted for study treatment. Model 2 is adjusted for model 1 and prior MI, prior revascularization, multi-vessel CHD, age, gender, significant
renal dysfunction, geographic region, diabetes mellitus, hypertension, body mass index, smoking (current, former or never), systolic blood pressure and polyvascular disease. Model 3 is adjusted for model 2 and eGFR (CKD-EPI, replacing significant renal dysfunction), hemoglobin, white blood cells, LDL cholesterol, HDL cholesterol and triglycerides.

1.00
1.05 (1.01; 1.08)
1.10 (1.06; 1.15)
1.16 (1.12; 1.20)
1.25 (1.20; 1.30)

Model 1
(Relative Increase p-value
[95% CI])
1.18 (1.15; 1.21)
1.32 (1.28; 1.36)

hs-Troponin T
26-32
20-25
15-19
1-14
No teeth

1-14
No teeth

Biomarker and
tooth loss level

Table 13. Risk of MACE and CV death for one increase in tooth loss level after
adjustment for risk factors and biomarkers

Model 1

MACE
(HR [95% CI])
1.16 (1.12-1.20)

<0.0001

CV death
(HR [95% CI])
1.30 (1.23-1.37)

Model 2

1.08 (1.04-1.12)

0.0002

1.18 (1.12-1.25)

< 0.0001

Model 3

1.06 (1.02-1.10)

0.0041

1.17 (1.10-1.24)

<0.0001

Model 3 + hs-CRP

1.05 (1.00-1.09)

0.0404

1.16 (1.08-1.23)

<0.0001

Model 3 + Lp-PLA2

1.06 (1.01-1.10)

0.0091

1.16 (1.09-1.24)

<0.0001

Model 3 + GDF-15

1.05 (1.01-1.10)

0.0273

1.15 (1.08-1.23)

<0.0001

Model 3 + hs-Troponin T,
NT-proBNP

1.03 (0.99-1.07)

0.1893

1.12 (1.05-1.19)

0.0006

Model 3 + hs-CRP, LpPLA2, GDF-15

1.05 (1.00-1.09)

0.0407

1.14 (1.07-1.22)

<0.0001

Model 3 + hs-CRP, Lp1.03 (0.98-1.07)
PLA2, GDF-15, hs-Troponin
T, NT-proBNP

0.2561

1.11 (1.04-1.19)

0.0024

Adjustment

p-value

p-value
< 0.0001

Model 1 is adjusted for study treatment only. Model 2 is adjusted for Model 1 and age, systolic blood pressure, diastolic blood pressure, BMI, LDL cholesterol, HDL cholesterol, history
of diabetes mellitus, prior MI, gender, smoking status and waist hip ratio. Model 3 is adjusted
for Model 2 and eGFR, family history of coronary heart disease, alcohol consumption, years
of education, level of physical activity and country income level.
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Discussion

The aim of this thesis was to assess the prevalence and management of traditional risk factors as well as the prevalence and prognostic influence of PD, a
less explored risk factor, in a large global chronic CHD population – an endeavour to elucidate mechanisms behind the excess risk prevailing in this
vast patient category.

Main findings
In paper I we found that a majority of patients in this global CHD cohort
were on evidence-based secondary preventive medications. Nevertheless,
CV risk factors known to confer adverse outcome were highly prevalent and
a large proportion of patients did not meet guideline-recommended treatment
goals for blood pressure, LDL cholesterol or glucose levels. Although regional differences were observed, the need for improved preventive efficacy
was evident across all geographic regions.
The results in paper II represent the hitherto largest study on the prevalence
of PD markers in a CHD population. They showed that self-reported tooth
loss was common with approximately 40% of participants missing more than
half of their teeth and one fourth reporting gum bleeding at baseline. There
were substantial differences in prevalence between geographical regions and
even among countries within the same region. Further, there were significant
associations between a broad range of CV risk factors and the self-reported
PD indicators, particularly for tooth loss.
In paper III, self-reported tooth loss was robustly associated with increased
rates of the primary outcome, CV death, all-cause death, and stroke. The
associations were independent of a wide range of CV risk factors and
comorbidities associated with recurrent ischemic events, death, and socioeconomic status. We did not detect an association between level of tooth loss
and risk of MI.
In paper IV, we found that tooth loss was associated with gradually increased levels of several biomarkers known to predict CV events. The biomarker associations suggest that tooth loss may be related to several differ48

ent pathophysiological mechanisms affecting CHD morbidity and mortality,
including inflammation, cellular stress and myocardial dysfunction. Adjustment for most of the biomarkers in addition to established CV risk factors
had little attenuating effect on the risk of adverse outcome, which further
supports tooth loss as an independent predictor of CV events, but also suggests that part of its prognostic influence is unaccounted for.

An appraisal of contemporary secondary coronary heart
disease prevention (Paper I)
The most noticeable conclusion to be drawn from this study is that a high
use of pharmacological agents alone is clearly insufficient as secondary prevention, as evidenced by the comparatively low attainment of risk factor
goals. Indirectly, this suggests that the other vital secondary preventive instrument, lifestyle modification, is greatly underutilized. This assumption
has been corroborated by other studies from the STABILITY cohort, demonstrating a low participation in cardiac rehabilitation programs, poor adherence to a ‘Mediterranean’ dietary pattern associated with favourable outcome, and inadequate physical activity.172–174 For example, a third of STABILITY patients engaged only in low-grade physical activity and almost half
reported less exercise compared to before their CHD diagnosis. The decrease
in physical activity was partly determined by CHD-related symptoms or comorbidities, but importantly also by demographic and cultural factors, indicating challenges as well as room for improvement outside specific diseasemodifying measures.172 These findings are in stark contrast to the convincing
evidence supporting lifestyle intervention measures such as smoking cessation175 and cardiac rehabilitation after an MI.176 Moreover, the favourable
effects of physical activity in patients with established CHD have been
shown to outweigh the risks.177 The STABILITY protocol specifically encouraged attention to a high standard of care, both in terms of pharmacological and lifestyle intervention.169 The implementation of such measures is
favoured by a clinical trial setting, which ensures regular follow-up and
monitors treatment adherence. Nevertheless, during the median follow-up
time of 3.7 years, aspirin use decreased (96% at trial initiation versus 90% at
close-out). The use of statins, beta-blockers and ACE-inhibitors/ARBs was
largely unchanged and there were only small improvements in LDL cholesterol (median 2.04 mmol/L at close-out vs. 2.07 mmol/L at baseline) and
systolic blood pressure (131.0 mmHg vs. 131.5 mmHg).80
Repeated evaluations of the efficacy and implementation of secondary prevention are informative about transformations of the CV risk spectrum and
can assist us in the appropriate direction of preventive efforts and resource
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allocation. Other important assessments of risk factor prevalence and prevention in larger CHD populations include the comprehensive EUROASPIRE and REACH studies.66–68 Detailed comparisons between such
studies, including ours, are precarious due to differing methodology and
study populations. However, some general patterns and disparities are evident as demonstrated in Figures 6 and 7. For instance, an improvement in the
use of preventive medications is evident over time. Moreover, in the case of
STABILITY, the use of anti-platelets and statins was superior, which to a
large extent is likely attributed to selection bias and study protocol. As a
consequence, cholesterol control was somewhat better in STABILITY but
the prevalence of other CV risk factors, including smoking, hypertension and
obesity was more or less similar. Overall, the findings from EUROASPIRE
and REACH corroborate those from STABILITY and reveal a high prevalence and profound undertreatment of risk factors despite a gradually improved use of pharmacotherapy. Lastly, the Prospective Urban Rural Epidemiology (PURE) study, evaluating secondary prevention from a more pronounced socioeconomic perspective, concluded that the lowest adherence to
a healthy lifestyle, including use of preventive medications, was found in
rural areas and low-income countries where a minority of patients were adequately treated.69,178
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Figure 7. Prevalence of pharmacological treatment in STABILITY, EUROASPIRE
III, EUROASPIRE IV, and the REACH registry
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Figure 8. Prevalence of risk factors in STABILITY, EUROASPIRE III, EUROASPIRE IV, and the REACH registry. Hypertension: REACH, ≥140/90 mmHg;
EUROASPIRE III and IV, BP ≥140/90 mmHg and BP ≥130/80 mmHg (≥140/80
mmHg in EUROASPIRE IV) in patients with diabetes). Elevated total cholesterol:
REACH, total cholesterol >200 mg/dL (≈5 mmol/L); STABILITY and EUROASPIRE III, total cholesterol ≥4.5 mmol/L; EUROASPIRE IV, N/A).

In conclusion, CV risk factors beyond the inclusion enrichment criteria were
highly prevalent in this global chronic CHD population and achievement of
guideline-recommended treatment goals was generally poor despite a high
use of cardioprotective medications. Moreover, there was little improvement
in the risk factor continuum over time despite frequent follow-up and high
standard of care aspirations in the study. The findings are in line with previous assessments of secondary prevention and call for intensified efforts towards improved lifestyle modification through continued evidence-based
individual interventions but importantly also through effective populationbased strategies, including policy-making on a local, national and international level.179

Periodontal disease – significance of a potential risk
factor for coronary heart disease (Papers II-IV)
The measures of exposure
In this thesis, two self-reported measures of PD/dental health were used:
gum bleeding (paper II) and number of teeth (papers II-IV). They can be
seen as markers of gingivitis, the early reversible form of PD and irreversible
end-stage chronic PD, respectively. However, a formal PD diagnosis relies
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on clinical diagnostics and cannot be replaced by single self-reported
measures alone. Therefore a certain amount of caution is warranted when
interpreting their denotation. In validation studies, self-reported gum bleeding has generally demonstrated a lower sensitivity than specificity when
compared to bleeding on clinical examination, although with varying results
depending on the wording of the question. It also appears to be vulnerable to
other factors, such as socioeconomic status and access to dental
healthcare.180–182 Contrariwise, self-reported number of teeth correlates closely with the number of teeth on examination according to several studies.181,183,184 While gum bleeding is almost always related to gingivitis, tooth
loss can have other causes than PD including trauma and caries. Notwithstanding, PD has been demonstrated to be the most common cause of tooth
loss in patients aged above fifty years of age,185,186 and may therefore be seen
chiefly as a marker of PD in older populations.

Prevalence of tooth loss and gum bleeding in a large coronary
heart disease population
As demonstrated in paper II, tooth loss constituted a common co-morbidity
with only 20% of patients having all of their teeth and 40% less than half of
their teeth. We have found no previous study of this size and global scope
reporting prevalence of tooth loss and gum bleeding in a CHD population.
The recognized heterogeneity regarding methodology and populations
among studies make inter-study comparisons hazardous.91 For instance, the
prevalence of edentulism in our study was both higher115,132 and lower92,131
than that reported in other studies from general populations, but the great
disparities between these populations render any conclusions uncertain. Covariation of common risk factors such as smoking and diabetes mellitus likely explain part of the difference in prevalence observed between geographical regions and countries in our study. Other unmeasured factors such as
historical access to dental and general health care, socioeconomic differences over time and trends in dental extractions could also have substantial
impact. Compared to some prevalence estimates of gum bleeding in as many
as 50% of the general population,89 it appeared much less common in this
cohort. Moreover, little correlation was seen between gum bleeding and
tooth loss, possibly a reflection of their representing opposing entities on the
PD spectrum. However, it could also indicate unreliability and inaccuracy of
the less validated gum bleeding measure, as also suggested by the relatively
low gum bleeding prevalence, especially in light of the high use of platelet
inhibitors.
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Associations with cardiovascular risk factors
A higher degree of tooth loss entailed a gradually greater burden of CV risk
factors according to the analysis in paper II. Patients with tooth loss also had
a lower socioeconomic status as evidenced by lower education, higher financial stress and possibly also by less alcohol consumption and work stress.187
Patients with gum bleeding had higher levels of LDL cholesterol and systolic
BP, but were less likely to be smokers, a finding in agreement with a previous study showing a strong suppressing effect of smoking on gingival bleeding.188 They also had a higher education and reported more alcohol consumption and work stress, which could suggest that gum bleeding is more frequently reported by patients in higher socioeconomic categories with more
regular dental care habits. The fact that there were relatively fewer associations between gum bleeding and CV risk factors could indicate that gingivitis does not impact CV risk to the same extent as tooth loss, a marker of
more severe chronic PD.
The relationship between smoking, diabetes and PD is established but associations between PD and other CV risk factors are less known and existing
reports include evidence both in favour and against.189-192 Few, if any, studies
prior to this one have investigated the relationship between PD and such a
wide array of CV risk factors in the same population and although many of
the associations herein were modest, they could have a significant effect on a
population level considering the high prevalence of these conditions. Although causality cannot be claimed for any of the associations based on our
analysis, the broad affiliation between the PD markers and CV risk factors
consolidates the concept of chronic CHD and PD sharing common ground
and it is possible that risk increases incurred by PD in CHD are partly mediated by these risk factors. Moreover, it highlights the need to evaluate these
risk factors with respect to confounding in the analysis of the PD-CHD relationship, not least the multiple socioeconomic and psychosocial factors.

Associations with outcomes
As described in the introduction of this thesis, there is little and mostly conflicting information about the impact of PD on outcome in patients with
established CHD.130,137,149,152 Moreover, and to the best of our knowledge, the
relationship between tooth loss and clinical outcomes in CHD patients has
not been previously evaluated at all and as such, the results in paper III provide generalizability to new patient populations and enhance the global
scope of the concept of oral disease-associated CV risk. While no association was detected for MI, more tooth loss entailed a gradually increased risk
of all other outcomes. These findings are consistent with some previous cohort studies from non-CHD populations. For example, the Health Profes53

sionals Follow-up Study reported an increased risk of non-fatal and fatal
CHD (RR 1.36 [1.11-1.67]) in participants with 10 or fewer teeth. The risk
was higher (RR 1.79 [1.34-2.40]) when only fatal events were included,132
signalling an attenuated effect on total risk by including non-fatal MI, similar to our findings. Another cohort study found that missing 9 or more teeth
was associated with both all-cause (RR 1.43 [1.95-1.96]) and CV death (RR
1.88 [1.10-3.21]).133 Furthermore, a Swedish study of 7674 individuals evaluated a number of clinical periodontal measures and found a dose-dependent
association with CV and all-cause death only for number of teeth but not the
other periodontal variables.127 In a Japanese cohort, an association was observed only among middle-aged but not older men, indicating that the effect
of tooth loss may vary by age.138 In contrast, our findings contradict two
cohort studies in which the initially positive association between varying
degrees of tooth loss and CV outcomes was eradicated by adjustment for
common confounders.155,156
The high reliability and detail of our baseline data paired with careful endpoint ascertainment provide a good basis for validity of our results. Moreover, the multivariable adjustment renders our findings an unlikely result of
confounding alone. However, considering the positive associations with
most outcomes, the lack of an independent relationship between tooth loss
and MI was puzzling. It is a result in line with two previous studies showing
no relation between tooth loss and MI150,154 but contradictive of a recently
published large retrospective cohort study in which a robust association with
MI was observed, even after multivariable adjustment.193 Our negative result
could have several possible explanations. First; when subcategorized, the
majority of CV deaths (N=705) were attributed to “unknown cause” (21%)
and “sudden death” (44%). MI was possibly the underlying cause of many of
those events194 and if so, the “true” MI association may in fact have been
stronger. Second; as previously discussed, while tooth loss is a recognized
and validated measure of oral health and considered a PD marker, it may
also have other important causes. Given these imprecisions, tooth loss may
not constitute a sufficiently specific marker of PD capable of exposing an
existing relationship between PD and MI. Indeed, studies have shown that
the association between PD and MI varies greatly depending on the exposure
measure and that number of teeth may be a relatively weak measure in that
respect.195 Moreover, the association with MI may also vary by the specific
cause of tooth loss as evidenced in one study, showing that only tooth
loss/extractions due to infection were linked with MI, information which was
unavailable in our study.196 Third; it is possible that the segment of CHD
patients who are most vulnerable to influence from PD, and therefore most
likely to expose an association, are those with the gravest disease, i.e. the
largest MIs causing death and severe heart failure. The fact that they were
not part of the STABILITY population due to selection bias could explain
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the absence of an association. Fourth; the negative finding could be subject
to effect modification. For example, age has been a suggested effect modifier
in the PD-CHD relationship, with certain studies finding a positive association between PD and CHD only among younger age groups.138–141,160 As a
result, the relatively high mean age of the entire STABILITY population
could explain why an association was not detected. Finally, the observation
of a robust relationship with stroke in contrast to the negative MI association
is intriguing and bewildering. Similar observations have been demonstrated
previously129,131,150, thus rendering ours less likely to be a spurious chance
finding. Reasons for this are unclear but the closer anatomical relationship
between PD and stroke has been suggested in one study,150 and differing
etiological factors197 and pathophysiology for MI and stroke is another possible, but unexplored, hypothesis.

Associations with biomarkers
The results in paper IV represent the largest study to date of the relationship
between tooth loss or PD and prognostic biomarkers. Previous observations
of associations with inflammatory markers are mainly limited to small size
studies of CRP108 and IL-6,109,198 often with limited adjustments, and none
have specifically studied tooth loss. With regard to Lp-PLA2 activity, a proinflammatory enzyme strongly expressed in vulnerable atherosclerotic
plaques,199 a small study of 32 patients with moderate-severe clinical PD
reported a relationship between enzyme levels and PD severity.200 The observed associations in our study, although modest and noticeable primarily
among the higher tooth loss levels, were independent of multiple covariables and evident for upstream (IL-6), downstream (hs-CRP), and alternate markers of inflammatory pathways (Lp-PLA2 activity), thus supporting
an inflammation-mediated relationship between PD and CHD.
The positive correlation between tooth loss or PD and GDF-15 appears to be
novel and not previously described in the literature. Increased expression of
GDF-15 has been reported in various cardiac afflictions, including MI201 and
heart failure,202 but also in conjunction with inflammation.107 Although it
appears to be an independent predictor of CV risk, it is not a cardiac-specific
biomarker but rather reflects cellular stress resulting from various stimuli, of
which tooth loss-associated mechanisms appear to be one. An independent
association between PD and cardiac biomarkers could support the existence
of a causal relationship between PD and cardiac disease, including CHD.
One study found higher levels of both troponin and NT-proBNP in 44 patients with clinical PD compared to healthy controls.203 However, considering that the results were unadjusted and from a small population, the findings
in our study of a non-significant relationship between tooth loss and hstroponin T but significant for NT-proBNP appear novel. The lack of associa55

tion in the fully adjusted model with troponin, a specific marker of myocardial injury,106 suggests that tooth loss is not primarily related to mechanisms
generating elevated troponin levels in stable chronic CHD patients. Nevertheless, the observation of a clearly positive association with NT-proBNP
does indicate a relationship between tooth loss and cardiac dysfunction although we did not evaluate associations between tooth loss and heart failure
specifically. However, assuming that the relationship between tooth loss and
NT-proBNP does signal a relationship with heart failure, the underlying
mechanism is unclear. While ischemia is the most commonly recognized
cause of heart failure, the results from paper III did not support a relationship
between tooth loss and MI and other important etiological factors for heart
failure were included in the multivariable model. This could indicate that
other less established pathways also may be of relevance. For instance,
cross-reactivity and molecular mimicry between bacterial and myocardial
antigens conferring autoimmunity have been implicated in heart failure, as
has long-term activation of toll-like receptors possibly in response to chronic
exposure to bacterial antigens.204 Collectively, these findings suggest a complex relationship between tooth loss and CHD, possibly involving several
pathophysiological mechanisms embodied by various biomarkers related to
CV disease.
Tooth loss and other markers of PD have previously been linked to adverse
outcomes and CHD in this population and others, even after adjustment for
background factors.127,205 Most of the biomarkers studied in paper IV also
have demonstrated independent predictive abilities in both CHD and nonCHD populations,77,78,104–107 with recently presented data from the STABILITY cohort showing associations between a majority of the studied biomarkers and major adverse CV events.206-208 In addition to the crosssectional analysis of the association between tooth loss and biomarker levels
we also added the biomarkers as co-variables to the outcome analysis from
paper III. Although their inclusion in the multi-variable model could implicate adjustment for mediators in the tooth loss-CHD relationship and does
not allow for causal inference, it generated noteworthy results. Interestingly,
adjustment for most biomarkers, all with previously demonstrated independent prognostic abilities, had little influence on the association between tooth
loss and CV outcomes. Thus, tooth loss has a prognostic influence in these
patients that extends beyond that of biomarkers and established CV risk factors. Regardless of underlying cause, it is an important finding in terms of
prognostication in this patient category. As a result, and given the simple and
inexpensive nature of self-reported tooth loss, its clinical utility should be
explored further, for instance as part of a simple risk stratification model.
As previously reported, we did not find an association between tooth loss
and MI in this population. Thus, specific drivers of the stronger association
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with CV death are not clear. They do not appear to involve heart failure to a
large extent, at least not heart failure at study initiation, considering the persisting association despite adjustment for NT-proBNP. Other CV causes of
death, such as malignant arrhythmias could be of relevance but little is currently known about their relationship with PD and tooth loss. Periodontal
pathogens have also been suggested as potential factors in other vascular
pathologies, e.g. aortic aneurysms.209 The addition of NT-proBNP had a
somewhat attenuating effect on the CV death association and eliminated the
association with MACE (a composite that includes CV death). This implies
that NT-proBNP, an established strong predictor of risk, shares some prognostic information with tooth loss and evaluating the relationship between
tooth loss and heart failure could shed more light on this issue. Conversely,
the other biomarkers that were associated with tooth loss in the crosssectional analysis do not appear to contain any substantial degree of information pertinent to the prognostic influence of tooth loss. Importantly however, this relates to the prognostic information of tooth loss and does not
divulge specific information on possible causal pathophysiologic pathways
between PD or tooth loss and CHD development.

Tooth loss and poor outcome – our findings and some possible
mechanisms of association
Similar to previous studies, the findings presented in this thesis cannot establish whether a causal relationship exists between PD/tooth loss and CHD. In
order to definitively settle the causality issue, a randomized intervention
study of substantial magnitude and duration would be required, which would
also present substantial ethical challenges. Nevertheless, the thesis constitutes a unique source of information in the respect that it contains studies of
several aspects of the relationship between PD and CHD in the same large
population, thus providing a solid basis for interpretation and discussion.
In paper II, we demonstrated that tooth loss (and gum bleeding) was closely
linked to multiple socioeconomic and psychosocial factors. It could therefore
be argued that the link between tooth loss and CV risk is a mere reflection of
poor health behaviour secondary to low socioeconomic status. Education
was the only socioeconomic variable used in the adjustment models in our
studies and it is possible that other variables could have attenuated the associations further. However, education is known to be one of the strongest
indicators of socioeconomic status and is likely to overshadow many others.
In addition, as we also adjusted for potential surrogates for socioeconomic
status, such as physical activity and alcohol consumption, the risk of significant residual confounding in this area is unlikely. This is further supported
by a previous report of a persisting significant association between number
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of missing teeth and outcomes despite adjustment for several socioeconomic
variables, including education.135 We also demonstrated a relationship between PD markers and several conventional CV risk factors, although some
of these associations (e.g. LDL cholesterol) were minor and may not be clinically relevant. Nevertheless, it could indeed be contended that the tooth
loss-CHD association is mediated by such common established risk factors,
as lack of adjustment has been a recognized problem in many previous studies.210 However, we used step-wise adjustment in both paper III and IV,
achieving the greatest attenuating effect on the association by adding conventional CV risk factors, of which most known to impact CV risk were
included. The subsequent addition of less established markers of risk did
little in terms of attenuation. Therefore, the likelihood of significant residual
confounding by established common risk factors seems improbable.
The findings in paper III indicated the highest risk of adverse outcome
among those with no teeth suggesting that the CV risk possibly conferred by
tooth loss-generating mechanisms is not an acute one, but rather an accumulation of risk resulting from long-term exposure. Several mechanisms by
which PD could affect CHD have been suggested, including promotion of
endothelial dysfunction, atherosclerosis progression and plaque destabilization. Irrespective of the specific nature of such a mechanism the hostmediated immune response to PD is widely believed to be a crucial prerequisite, resulting in elevated levels of inflammation markers, as supported by
the findings in paper IV. Conversely, the finding of the highest biomarker
levels among those with no teeth could also be interpreted as a challenge to
the concept of PD-generated inflammation as an instigator of CHD. As edentulous patients are likely rid of most of the substrate for periodontal infection
and subsequent inflammation they would be expected to exhibit lower levels
of inflammatory biomarker levels. The fact of the opposite in our study possibly signals a continued presence of PD and persistent inflammation among
edentulous patients, as substantiated by one study,211 while others have
pointed to the opposite.212 It could also imply that systemic inflammation
related to tooth loss is generated by other causes than PD, or that patients
with both CHD and advanced PD are predisposed to an increased inflammatory response, possibly mediated by a common trait such as a genetic susceptibility to both diseases, as suggested in two studies.213,214 Indeed, the associations between tooth loss and multiple biomarkers could be an indication that
PD affects CHD by several pathways, not only inflammatory, but it could
also signal that the two conditions share common causal mechanisms.
If the demonstrated influence of tooth loss on CV risk in this thesis is neither
mediated by confounding nor PD, it could be a secondary and functional
result of the tooth loss itself, leading to poor nutrition. Indeed, several studies have confirmed that an impaired dentition leads to a deteriorated diet
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with increased consumption of unhealthy food items and a reduced intake of
healthy foods, such as fruits and vegetables.215–217 However, the magnitude of
these dietary changes are sometimes questionable and although we did not
adjust for dietary factors in our analysis, other studies have with only minimal attenuating effects as a result.132,145,194 A deterioration of diet secondary to
loss of masticatory function therefore appears to be a minor factor in the
context of tooth loss-associated CV risk.

Limitations
A general limitation in this thesis concerns a possible lack of generalizability
to other populations due to underrepresentation of certain regions, ethnicities
and socioeconomic groups; patient selection by inclusion and exclusion criteria; and medication use affected by specific study requirements. In paper
II, a control group void of CHD would have improved the assessment and
interpretation of the PD prevalence.
For the purposes of paper I, it is also probable that participants in a clinical
trial are better treated and more compliant than a general CHD population,
which however is more likely to lead to an underestimation of the prevalence
of poor risk factor control. Further, data in paper I were presented for broad
geographical regions and do not illustrate differences between individual
countries. Lastly, our data on medication use do not reveal potentially attenuating factors such as inadequate dosing, lack of adherence or other reasons
for possible pharmacological undertreatment.
In papers II-IV, the PD exposure measures constitute an important general
limitation, which has been discussed previously. The possible unreliability
and underestimation of self-reported gum bleeding could affect the degree of
associations in paper II, and it was subsequently excluded from the discussions in papers III-IV, although included in the pre-specified analysis in paper III, which showed no relation with any outcome. In addition to the previously mentioned possible weaknesses of the tooth loss measure, it may also
reflect other unmeasured factors such as historical access to dental care,
temporal and geographical trends in tooth extractions, possibly rendering it a
less specific marker. Moreover, we had no information on the duration of
tooth loss, incident tooth loss during follow-up or denture use, which could
potentially affect the results and implications of the tooth loss measure itself.
The arbitrarily assigned tooth loss levels may also introduce imprecision in
the analyses.
Finally, although multivariable adjustment was performed, residual confounding from unknown or unmeasured factors cannot be ruled out.
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General conclusion and future perspectives
Based on the findings in this thesis, part of the excess risk of death and recurrent ischemic events observed among patients with established CHD is
likely attributed to inadequate secondary prevention, of which lifestyle modification constitutes an integral part. The implementation of conventional
health care interventions addressing these issues is insufficient and multilevel approaches are presumably required for further improvement.
Additionally, a portion of the excess risk could possibly be attributed to the
influence of less explored risk factors. We identified a significant relationship between highly prevalent markers of PD, particularly tooth loss, and
multiple aspects of CHD, including CV risk factors, prognostic biomarkers,
and outcomes. Stable chronic CHD patients with tooth loss were found to be
at higher risk of adverse outcome than predicted by traditional risk factors
and the mechanism by which this risk is conferred may involve multiple
pathways. Considering these findings, it may be prudent to carefully evaluate CHD patients with evidence of tooth loss with respect to their CV risk
profile. Conversely, including an assessment of dental status in the clinical
examination of CHD patients can also be advocated as a means improve risk
stratification. The utility of a simple clinical risk assessment model including
self-reported tooth should be evaluated in the future.
PD treatment has beneficial effects on oral health and quality of life. As
such, it is uncontroversial and should be recommended to all patients suffering from any degree of disease. There is also evidence suggesting possible
beneficial effects of PD treatment on surrogate markers of CHD, inflammatory markers and systemic conditions that constitute risk factors for CHD,
such as diabetes. However, its effects on clinical outcomes are not known
and in order to support its advocacy as a means to improve CHD prognosis,
further studies are warranted.
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