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Heart rate, coronary artery disease and plaque
rupture – myth, hype, or truth?
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Atherosclerosis – the facts?

Since the end of the 19th century, coronary artery disease
(CAD) became and remained the N°1 serial killer in
Europe and in most industrialised countries. Because no
curative treatment of CAD exists, we strive indefatigably
to seek and combat CAD risk factors. This quest began
in 1849 when Virchow speculated that atherosclerosis was
caused by plasmatic risk factors. Yet, our understanding of
the “atherogenesis” has continued to evolve and the current
understanding can be summarised as follows: the plaque
grows over the years under the influence of risk – as well
as protective factors. At a certain time point, the plaque
erodes or ruptures. The term plaque “vulnerability” has
been coined to reflect the decisive period leading to erosion
or rupture [1].
In disciples of Vischow, the majority of the incriminated
risk factors (>270 listed by Hopkins and Williams) [2] are
biochemical: diabetes mellitus, smoking, dyslipidaemia,
chronic renal failure, homocystinuria, C-reactive protein,
lipoprotein (a), tissue plasminogen activator, small and
dense LDL, fibrinogen, or even age. These factors explain
the pathophysiology of plaque growth according to its main
components as found at autopsy. Each of these distinct
factors has been demonstrated as risk factor in numerous
observational studies and epidemiological intervention
studies. For example, the persistence of active smoking
in patients after myocardial infarction double the 10-year
mortality [3], while its cessation restores a normal life ex-
pectancy beginning after 36 months [4]. The same holds
true for the impact of adequate control of diabetes mellitus,
arterial hypertension and dyslipidaemia. These risk factors
exist and their inadequate control (as primary and second-
ary prevention) significantly impacts CAD morbidity and
mortality (In the National Health and Nutrition Examina-
tion Survey NHANES, patients with >2 insufficiently con-
trolled risk factors have a 5.7-fold increase in mortality at
13-year follow-up) [5].
However and although we rely on many predictive scores
integrating several risk factors (i.e., ESC or AGLA scores),
the prediction of myocardial infarction or sudden cardiac
death remains unsure. Whence this discrepancy? The un-
certainty comes from two observations: First, while risk
factors for atherosclerotic plaque growth are well known

and can be translated into animal models, risk factors for
plaque vulnerability and rupture are more difficult to gath-
er. With no question, the Holy Grail remains to identify
vulnerable plaque at risk of one particular cardiovascular
event. Therefore, the quest continues and the risk factors
for rupture are actively investigated.
Risk factors for rupture have been categorised into “intrins-
ic” or “endogenous” and “extrinsic” or “exogenous”. In-
trinsic risk factors are multiple and only scarcely known.
These intrinsic factors are mainly associated with hypoxic,
inflammatory and thrombogenic stimuli. On the plaque-
level, these factors trigger an increased activity of special
enzymes excreted by macrophages (matrix
metalloproteinases-MMPs), surge neovascularisation with
the presence of leaky microvessels that provoke intra-
plaque haemorrhage and allow subsequent deposition of
free cholesterol, macrophage infiltration and enlargement
of the necrotic core [6]. On a patient-level, these factors
are more often found in patients with diabetes mellitus,
smoking habit, hypercoagulable/hypofibrinolytic states and
high circulating tissue factor. Based on the most up-to-date
researches, some biomarkers of vulnerability have been
identified. Such examples are F2-isoprostanes, hs-CRP, ur-
inary microalbumin, myeloperoxidase, or lipoprotein-asso-
ciated phospholipase A2 . These biomarkers are however
difficult to measure at the bedside since gradient up to
1000-fold are found between blood harvested at plaque vi-
cinity and peripheral blood [7]. The second observation is
that symptomatic plaque rupture often happens in partic-
ular situations. These even more complex triggering ele-
ments on cardiovascular events are usually considered as
extrinsic risk factors. In most cases, these factors signific-
antly influence the vessel shear stress and the local proco-
agulable state via multiple biological parameters, such as
adrenergic activity, blood pressure, heart rate, blood viscos-
ity, or platelet activity. During the last decade, a high rest-
ing heart rate has been postulated to be an extrinsic risk
factor for plaque rupture.

Heart rate and atherosclerosis – the
myth and the hype?

High resting heart rate – as cardiovascular risk factor –
is motivated by biogerontological considerations in mam-
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mals, epidemiological evidence in humans, and indirect
and direct observations in animals, and humans. The evid-
ence was extensively summarised in various review articles
during last decade’s hype. Briefly, a high resting heart rate
is associated with an increased cardiovascular mortality
[8]. In line with this concept, the pure heart rate lower-
ing agent ivabradine has been associated with a signific-
ant relative risk reduction of myocardial infarction (36%, p
= 0.001) in patients with CAD, decreased left ventricular
function (<40%) and high resting heart rate (>70 bpm) [9].
Yet, what is new in this issue of the journal? Angela Kohler
and colleagues [10] analysed the correlation between rest-
ing heart rate and myocardial perfusion single-photon
emission computed tomography (MPS) findings in 1465
consecutive naïve patients (= after exclusion of patients
with already known CAD, non sinus rhythm, and patients
under beta-blockers or calcium channel blockers). The nov-
elty is that the authors demonstrate that resting heart rate
was not associated with CAD extent as assess by MPS.
The methodology is solid, the results are clear, and are
clearly in contradiction with the general feeling. For in-
stance, the results are apparently directly in contraindic-
ation with a similar paper from Williams and colleagues
[11]. In this latter study, the authors found in 3708 patients
that resting heart rate was strongly and independently as-
sociated with stress-induced myocardial perfusion defects.
So, where is the truth? It is too early to give a definitive
answer, but some aspects should be considered: Firstly, the
two studies are not mutually exclusive. Indeed, Williams et
al. showed that although the correlation was strong in the
whole population and in patients under beta-blocker ther-
apy, the association was weaker (and no more significant, p
= 0.11) in non beta-blocker users. This is of relevance and
in accordance to the findings of Kohler et al. since none of
the 1465 patients were under beta-blocker treatment. The
corollary of this first remark is however that the risk due
to an increased resting heart rate is highest in patients who
escape beta-blocker treatment; a point that was already un-
derlined by Barrios and colleagues who suggest that pa-
tients with higher heart rate were associated with lessen
risk control rates in daily clinical practice [12]. Secondly,
the study touches a raw nerve by demonstrating that the
analysis of stable patients does not allow identifying vul-
nerable patients. Undeniably, one would expect to have a
good correlation between CAD extent and a putative risk
factor when the factor is associated with plaque growth.
But, plaque vulnerability is not similar to CAD extent since
on one hand plaque rupture may be immediately fatal,
whereas on the other hand (and in most cases) it is asymp-
tomatic and does not cause any haemodynamically signi-
ficant stenosis. In light with this, it is interesting to note that
some patients with minimal atherosclerotic changes could
suffer sudden cardiac death. This is the case for instance
in marathon runners [13]. Therefore, CAD extent as at-
tests by haemodynamic significant stenosis might be sim-
ilar between patients with and patients without a particular
risk factor for plaque instability. Therefore, the question re-
mains: “How to identify the vulnerable patient?”.

Emotion and plaque rupture – the
truth?

The present study appropriately diverts our attention from
the resting heart rate as single vulnerability risk factor.
However, the truth is that intensive physical or emotional
stresses are very potent risk factors for plaque rupture, but
considering only heart rate is a too simplistic explanation to
explain complex pathophysiological mechanisms that con-
stantly interplay. History is full of examples showing the
importance of such extrinsic risk factors: For two millen-
nia, the courier Pheidippides collapsed and died at the end
of a day-long run in the city of Marathon [14]. For one
century, Strazhesko acknowledged emotion as trigger to
myocardial infarction in the very first scientific publica-
tion on myocardial infarction [15]. Since then, numbers of
case reports, observational and epidemiological studies re-
vealed the effect of positive (happiness) or negative (de-
pression, fear, pain) emotions on plaque vulnerability/rup-
ture, acute coronary syndromes and sudden cardiac death
[16–21]. Striking examples might be found in (almost)
everyday practice [22] and happen during domestic crisis,
driving, sport, watching TV, earthquakes, or even coitus
[fortunately, exceedingly rare and almost exclusively en-
countered in extramarital experience!]. These different ex-
amples point to the fact that mental stress is a particularly
potent extrinsic risk factor for plaque rupture. Mental stress
has been shown to be per se a key factor since it has
been linked to several components of plaque instability:
increased sympathetic tone, blood pressure, heart rate and
vascular shear stress; increased viscosity, fibrinogen and
von Willebrand factor levels, platelet activity and several
inflammatory mediators.
In light with this consideration, the study of Kohler and
colleagues once again turns our attention to the somewhat
neglected issue of what is a “resting” or “baseline” heart
rate? The authors considered that the heart rate prior to the
stress test was similar to the “resting” heart rate. This is
of course a very pragmatic postulation and the majority of
us will report this value in ambulatory patients. However,
the cumulative impact of “white coats", performance anxi-
ety and fear of the subsequent findings induces a mental
stress that reaches a climax by the recording of this baseline
value. An illustration is depicted in (fig. 1). This “white
coat” mental stress has been demonstrated in athletes, med-

Figure 1

Example of the effect of mental stress due to exercise testing on
“resting” heart rate. A 53 year old male with normal physical status
was considered for exercise testing. His resting heart rate – as
measured by a 30 seconds palpation the right radial pulse – was 72
beats per minute (bpm). Panel A depicts his “resting” 12-lead ECG
recording made 15 minutes before initiation of exercise testing on a
treadmill ergometer. Heart rate was 77 bpm. Panels B and C show
his “baseline” ECGs as acquired on the treadmill ergometer 2
minutes (panel B), and 1 minute (panel C) before the test start.
Heart rate was 96 bpm, and 105 bpm respectively.
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ical students and common ambulatory patients. As the re-
sponse to mental stress is individual and is associated with
plaque vulnerability, the variation of the heart rate from
the resting to the baseline might be possibly used as fore-
cast to predict plaque rupture. This area is speculative and
should be further investigated. Nevertheless, the clinician
must continue to pay attention to heart rate in clinical prac-
tice since it is cheap, easily performed and very useful. Is it
really a warning about an increased risk of coronary event?
Signals indicate this direction. So, why not continue us-
ing it since emerging modalities like biochemical test cock-
tails (“CVD inflammatory profile tests”), functional ima-
ging (MRI or infrared) or structural intravascular imaging
(OCT, OFDI) are very expensive, hardly available, and still
clearly immature.
Finally and as suggested by Kohler and colleagues, heart
rate cannot be used to wager CAD extent, especially in
low-risk patients. To determine CAD extent, only coronary
angiography, SPECT, stress echocardiography or MRI
should be considered. Inversely, the study from Kohler and
colleagues can be used in order to relax patients in stress
due to high resting heart rate. Additionally and based on the
current evidence, it seems that risk factors for plaque rup-
ture and acute cardiac events are short-term. Conventional
studies are not appropriate for isolating triggers for cardiac
events, mainly because acute coronary syndrome is a storm
that warrants timely revascularisation, and such instant ex-
posures are likely to be hidden by established (plaque-
growth) factors, as well as cognitive barriers (in case of
anger, fear or sexual activities). In light of this ephemer-
al nature, research in the field remains challenging. Who
knows, perhaps, only the integration of advanced neuro-
psychological research will enable us to render acute cardi-
ac events into an orphan disease.
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Figures (large format)

Figure 1

Example of the effect of mental stress due to exercise testing on “resting” heart rate. A 53 year old male with normal physical status was
considered for exercise testing. His resting heart rate – as measured by a 30 seconds palpation the right radial pulse – was 72 beats per minute
(bpm). Panel A depicts his “resting” 12-lead ECG recording made 15 minutes before initiation of exercise testing on a treadmill ergometer. Heart
rate was 77 bpm. Panels B and C show his “baseline” ECGs as acquired on the treadmill ergometer 2 minutes (panel B), and 1 minute (panel
C) before the test start. Heart rate was 96 bpm, and 105 bpm respectively.
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