
Altersaspekte bei der KHK

15.11.2023, Göttingen

Univ.-Prof. Dr. Christian Schulze

Klinik für Innere Medizin I
Kardiologie, Angiologie, Internistische Intensivmedizin



Statistisches Bundesamt, 2010, 2018

Demographische Entwicklung in Deutschland



Statistisches Bundesamt, 2010, 2018

Demographische Entwicklung in Deutschland



Statistisches Bundesamt, 2010, 2018

2060 wird in Deutschland voraussichtlich jeder dritte über 65 

Jahre alt sein und jeder siebte über 80 Jahre. 

Demographische Entwicklung in Deutschland



"Age is something that 
doesn't matter unless 
you are a cheese"

Billie Burke (american actress, 1884-1970)

Topper Returns (1941)

Quelle: Wikipedia



Altersabhängigkeit 
kardiovaskulärer 
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Was wollen wir?
Gesund und glücklich altern und unabhängig leben!

Lucas Cranach der Ältere "Frauen im Jungbrunnen"



adaptiert nach Nature Reviews Molecular Cell Biology 16, 593–610 (2015) 

What are the reasons for 
biological aging?



Der Mensch ist so alt wie
seine Arterien.

Thomas Sydenham, MD 
English Physician 1624-1689

source: Hopkins Technology, LLC

Erste Ideen zum Altern…



Progression der Atherosklerose



Diagnostik der Atherosklerose



Kardiovaskuläres Altern – Physiologische Faktoren

population (20–22). Yet the HYVET (Hypertension in
the Very Elderly Trial) and SPRINT (Systolic Blood
Pressure Intervention Trial) studies confirmed the
relative safety and efficacy of antihypertensive
treatment in the older population, although recent
data suggest maintaining diastolic pressure above
70 mm Hg in those with established coronary artery
disease (21–25). Clinicians should tailor the aggres-
siveness of antihypertensive treatment of geriatric
patients on an individualized basis, depending on the
status of the coronary arteries, frailty, the integrity of
autonomic function, and other variables (26).

In addition to reducing stroke, a major impediment
to independent living and function in older patients,
antihypertensive therapy may limit the development
of dementing illnesses, as shown in the Syst-Eur
trial (27). Decreased dementia and cognitive decline
accrue with longer duration of antihypertensive
treatment (28). An asymmetric loss to follow-up of
individuals with impaired cognition may have biased
the results of dementia in the SHEP study to the
null (29).

VASCULAR AGING: DEFINITION, PATHOPHYSIOLOGY,

AND IMPACT. Alterations in the structure and function
of arteries accompany aging, and contribute to
increased risks of developing CVD (9,30). Accord-
ingly, understanding the mechanisms by which age
affects the vasculature should position us to prevent

or attenuate the increased risk of CVD in elderly
people.

Several recent (pre-)clinical studies have estab-
lished key vascular modifications occurring with
aging (31,32), identifying 2 main features: generalized
endothelial dysfunction and central arterial stiffness.
With regard to the former, vascular aging alters
the function of the endothelium, the cells that line
the lumen of blood vessels. Endothelial dysfunction
includes reduced vasodilatory and antithrombotic
properties, with an increase in oxidative stress
and inflammatory cytokines (33–35) favoring athero-
genesis and thrombosis, and predisposing to CVD
(36). Human and experimental studies concur
that diminished bioavailability of nitric oxide (NO), a
key mediator of vasorelaxation and antiatherogenic
processes, underlies age-dependent endothelial
dysfunction (37,38). Reduced NO bioavailability can
occur due to decreased synthesis or increased
degradation of NO. Under normal conditions, endo-
thelial nitric oxide synthase (eNOS) produces NO from
L-arginine in the presence of the cofactor tetrahy-
drobiopterin (BH4) (39). Although studies differ
regarding eNOS protein expression with age (34,40,41),
recent data suggest an age-related alteration in
eNOS function, referred to as eNOS uncoupling (42).
This effect derives, at least in part, from a decrease in
BH4 availability, resulting in impaired NO release and
increased production of the highly pro-oxidant

FIGURE 1 Pathophysiology of Aortic-LV Dynamics in the Aging CV System

Ang II ¼ angiotensin II; BP ¼ blood pressure; CV ¼ cardiovascular; HFpEF ¼ heart failure with preserved ejection fraction; HFrEF ¼ heart failure with reduced ejection
fraction; LV ¼ left ventricular; MMP ¼ matrix metalloproteinase; MVO2 ¼ myocardial oxygen consumption; TGF ¼ transforming growth factor.
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Each cell division shortens telomeric DNA until, at a
critical length, the cells lose capping function at the
chromosomal ends, activating DNA damage check-
points, cell senescence, and eventually apoptosis.
Telomere shortening has particular relevance in the

setting of CVD. Leukocyte telomere length (LTL)
associates significantly with vascular cell senescence,
aortic valve stenosis, CV risk factors (i.e., hyperten-
sion, type 2 diabetes, obesity, and smoking), and risk of
atherothrombotic events. However, the causality of

CENTRAL ILLUSTRATION Molecular Hallmarks of CV Aging (Cellular Senescence, Genomic Instability,
Chromatin Remodeling, and Mitochondrial Oxidative Stress)

Paneni, F. et al. J Am Coll Cardiol. 2017;69(15):1952–67.

These molecular events are strongly interconnected and contribute to vascular and cardiac dysfunction in elderly patients. A thorough understanding of these complex
processes may offer pharmaceutical targets to improve human health during aging. CV ¼ cardiovascular; CVD ¼ cardiovascular disease; eNOS ¼ endothelial nitric
oxide synthase; NADPH ¼ nicotinamide adenine dinucleotide phosphate; SIRT1 ¼ sirtuin 1; VSMC ¼ vascular smooth muscle cell.
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Molekulare Mechanismen 
des kardiovaskulären Alterns

Does aging depend on one gene?
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”for the discovery of the telomeres and 
the enzyme telomerase"
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Altern und Diät: ”Caloric Restriction"

445 kCal
+ 1 Apfel

2000 kCal

885 kCal
+ 1 Apfel

3000 kCal



”Caloric Restriction" – Gesundes Altern

Hundert 
Jahre -

aber
immer

hungrig? 

"all you can eat" “half"



Gesunde Ernährung und Altern

an apple a day
keeps the doctor

away



Therapien der Atherosklerose und KHK

Allgemein:
ASS
Betablocker
ACEi/ARB
Statine

Siehe Vorlesung „Sekundärprophylaxe KHK“



Zusammenfassung – Take home points

Kardiovaskuläres Altern wird durch oxidativen Stress, 
genomische Instabilität, epigenetische Faktoren und zelluläre 
Seneszenz beeinflusst. 
Marker des kardiovaskulären Alterns sind die Erhöhung der 
myokardialen Fibrose und Hypertrophie mit gestörter 
Koronarfunktion sowie eine erhöhte vaskuläre Steifheit.
Biologisches Altern steht dem chronologischen Altern gegenüber 
und ist durch externe Faktoren (Diät) beeinflussbar.
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Weitere Fragen an:
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Molekulare 
Regulation des 
kardiovaskulären 
Alterns 

endothelial cells, regulating vascular tone, in addition to
inhibiting vascular inflammation, thrombotic events, and
aberrant cellular proliferation.13 Loss of NO also promotes
endothelial cell senescence.14 Numerous mechanisms can
modulate eNOS activity. However, hemodynamic shear
stress, the frictional force acting on endothelial cell surface as
a result of blood flow, is one of the most potent inducers of
eNOS activity.12 As vessels age, they are exposed to less
hemodynamic stress due to reduced blood flow caused by
decline in heart function; in addition, endothelial cells be-
come less responsive to shear stress, resulting in a decline in
the protective NO.15 Therefore, measuring arterial thickness
and stiffness in aged models can lead to further understanding
of the role various longevity genes influence vasculature
aging. Elastic properties of arteries can be directly measured,
as well as histological analysis of luminal enlargement,
arterial thickness, and deposition of vascular smooth muscle
cells. In addition, measuring eNOS activity in vessels, as well
as endothelial senescence, can also serve as a marker of
vascular aging.

The heart undergoes complex changes during aging that
affect the cellular composition, marked by a decrease in
absolute number of cardiomyocytes due to increased apopto-
sis and necrosis and a decrease in repopulation of cardiomyo-
cytes from cardiac stem cell reserves.16,17 With age, cardio-
myocytes become more susceptible to stress, including
oxidative stress. Therefore the increase in oxidative stress due

to the increase in reactive oxygen species (ROS) production
with age results in an overall enhancement in the rate of
cardiomyocyte death with age. In cases when cardiomyocytes
undergo necrosis, the release of cellular components can
affect survival of neighboring cardiomyocytes, in addition to
promoting the development of proinflammatory and profi-
brotic environments in the aging heart. Cardiomyocyte senes-
cence, defined by the increased expression of senescence
markers and decreased telomere length, also increases with
age.18 However, a recent study suggests that removal of
senescence cells alone may not be sufficient to improve
cardiac defects observed in some aging models.19 Measuring
cardiac-specific senescence, DNA damage, as well as levels
of apoptosis and necrosis, coupled with fibrosis measure-
ments in animal models of aging, will lead to a better
understanding of the link between aging and CVD. Senes-
cence is coupled with expression of such factors as p53, p21,
p16, and senescence-associated !-galactosidase activity,
which can be measured by immunoblotting or histological
techniques. In addition, the levels of damaged nuclear and
mitochondrial DNA can be assessed by quantifying levels of
8-oxoguanine, a common DNA lesion associated with oxida-
tive stress, and thus a marker for fundamental damaged DNA
pathways in the heart.20 DNA damage and can also be
assessed by determining phosphorylation status of "-H2Ax, a
histone variant that is phosphorylated near DNA break sites
and thus forms readily detectable foci in cells.21 Fibrosis is

Figure 1. Age-dependent changes to cardiovascular tissues. Both the heart and vasculature undergo numerous alterations during
aging as a result of deregulation of molecular longevity pathways, leading to compromised function. Illustration credit: Cosmocyte/Ben
Smith.
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