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Cardiac hypertrophy can be defined as an increase in heart mass. Pathological cardiac hypertrophy (heart
growth that occurs in settings of disease, e.g. hypertension) is a key risk factor for heart failure. Pathological
hypertrophy is associated with increased interstitial fibrosis, cell death and cardiac dysfunction. In contrast,
physiological cardiac hypertrophy (heart growth that occurs in response to chronic exercise training, i.e. the
‘athlete's heart’) is reversible and is characterized by normal cardiac morphology (i.e. no fibrosis or
apoptosis) and normal or enhanced cardiac function. Given that there are clear functional, structural,
metabolic and molecular differences between pathological and physiological hypertrophy, a key question in
cardiovascular medicine is whether mechanisms responsible for enhancing function of the athlete's heart
can be exploited to benefit patients with pathological hypertrophy and heart failure. This review summarizes
key experimental findings that have contributed to our understanding of pathological and physiological
heart growth. In particular, we focus on signaling pathways that play a causal role in the development of
pathological and physiological hypertrophy. We discuss molecular mechanisms associated with features of
cardiac hypertrophy, including protein synthesis, sarcomeric organization, fibrosis, cell death and energy
metabolism and provide a summary of profiling studies that have examined genes, microRNAs and proteins
that are differentially expressed in models of pathological and physiological hypertrophy. How gender and
sex hormones affect cardiac hypertrophy is also discussed. Finally, we explore how knowledge of molecular
mechanisms underlying pathological and physiological hypertrophy may influence therapeutic strategies for
the treatment of cardiovascular disease and heart failure.
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1. Cardiac hypertrophy

1.1. Introduction and overview

Cardiac hypertrophy can broadly be defined as an increase in heart
mass. Growth of the postnatal heart is closely matched to its
functional load (Zak, 1984). In response to an increase in load (e.g.
pressure overload in a setting of hypertension), the heart must work
harder than under normal conditions. To counterbalance the chronic
increase in wall stress the muscle cells within the heart enlarge
leading to an increase in size andmass (Cooper, 1987; Sugden & Clerk,
1998; Hunter & Chien, 1999). The increase in heart mass is largely due
to an increase in ventricular weight. In the subsequent sections we

have described cardiac hypertrophy at the cellular level, different
types of cardiac hypertrophy (pathological and physiological), the
molecular mechanisms responsible for different forms of cardiac
hypertrophy, gender differences, and possible treatment strategies
based on the distinct molecular mechanisms associated with
physiological and pathological cardiac hypertrophy.

1.2. Cardiac hypertrophy at the cellular level

The heart is composed of cardiac myocytes (muscle cells), non-
myocytes (e.g. fibroblasts, endothelial cells, mast cells, vascular smooth
muscle cells), and the surrounding extracellularmatrix (Nag, 1980; Zak,
1984). Ventricular cardiacmyocytesmake up only one-third of the total

Fig. 1. Cellular processes involved in the development of cardiac hypertrophy. ECM: extracellular matrix, FAO: fatty acid oxidation, GPCR: G protein-coupled receptor, MAPK:
mitogen-activated protein kinase, PI3K: phosphoinositide 3-kinase, ROS: reactive oxygen species, SERCA: sarcoplasmic reticulum Ca2+ ATPase.
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