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In a recent article in the Journal, Blaes and Konety emphasize
the need for future studies evaluating the prognostic value of
cardiovascular risk stratification among breast cancer survivors
(1). In other words, we need to know who is at risk and should
receive cardiovascular monitoring. The authors describe various
factors that increase cardiac risk among breast cancer survivors.
In addition, other factors associated with cardiovascular disease
(CVD), like psychological distress, should be taken into account
as well. Moreover, knowledge of underlying mechanisms—why
a person is at risk—is needed to provide potential targets for
intervention.

Currently, a multiple-hit hypothesis has been proposed in
cardio-oncological research describing that cancer survivors are
exposed to a series of sequential or concurrent events that to-
gether make them vulnerable to develop CVD (2). According to
this hypothesis, CVD risk increases with cancer diagnosis and
cardiotoxic cancer treatment like anthracyclines (first hits) and
traditional CVD risk factors, such as diabetes and hypertension
(subsequent hit) (2).

Research on risk factors for incident CVD among noncancer
populations has shown that next to traditional CVD risk factors,
the mere presence of psychological distress like depression or
anxiety is predictive of the onset of CVD and cardiac death (3).
Both behavioral and pathophysiological mechanisms have been
suggested to be underlying these associations. That is, de-
pressed and anxious persons are known to display unhealthy
lifestyles like physical inactivity and smoking (4), which are
known CVD risk factors. With respect to pathophysiological
mechanisms, depression and anxiety have been associated
with increased inflammation; higher levels of the pro- (tumor
necrosis factor-alpha [TNF-alpha] and IL-6) and lower anti-
inflammatory cytokines (IL-1 and IL-4) (5). In turn, these cyto-
kines are involved in the pathogenesis of CVDs, such as heart
failure (5).

It is well known within the field of psycho-oncology that ap-
proximately 1 out of 2 breast cancer survivors experience

symptoms of distress like depression and anxiety as a conse-
quence of cancer diagnosis and treatment (6). Hence, breast
cancer survivors may have an increased risk for incident CVD
by these elevated levels of depression and anxiety alone. This
knowledge has led to the adaption of the multiple-hit hypothe-
sis (Figure 1) (7)—that is, incorporating an additional hit: depres-
sion and anxiety as risk factors for CVD and including potential
behavioral and pathophysiological underlying mechanisms,
thereby introducing the new field of psycho-cardio-oncology.

Current clinical guidelines for cardiovascular risk assess-
ment among noncancer populations highlight the importance
of depression and anxiety as risk factors, with estimates at
the same level as traditional CVD risk factors like hyperten-
sion. Nevertheless, depression and anxiety are currently not
considered CVD risk factors in cardio-oncology. Testing the
validity of the adapted multiple-hit hypothesis including psy-
chological distress as an additional risk factor will help an-
swer the question of who is at risk for CVD. Furthermore,
knowledge of the underlying behavioral and pathophysiologi-
cal mechanisms—why a person is at risk—provides targets for
interventions that facilitate adequate follow-up care for breast
cancer survivors.
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Figure 1. The adapted multiple-hit hypothesis: the psychological factors depression and anxiety as an additional “hit” in the pathogenesis of cardiovascular disease

(CVD) and underlying behavioral and pathophysiological mechanisms. The current model is adapted from our previously published (7) model applicable to cancer pop-

ulations in general to fit the study population of breast cancer survivors. Our adaptations to the original model by Jones (2) are depicted in grey. Please note that the

model is a necessary simplification, as various factors are associated with one another. To maintain the comprehensibility of the model, not all associations are explic-

itly depicted in the model.
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