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ABSTRACT: Ischemic preconditioning is the effect of brief ischemic episodes which protect the heart 

from the following more prolonged ischemic episode. This mechanism is effective in younger but not in 

aged heart. The age-related reduction of ischemic preconditioning has been demonstrated in experimental 

models and in elderly patients. Preinfarction angina, a clinical equivalent of ischemic preconditioning, 

reduces mortality in adult but not in elderly patients with acute myocardial infarction. Physical activity or 

caloric restriction is partially capable to preserve the cardioprotective effect of ischemic preconditioning 

in the aging heart. More importantly, physical activity and caloric restriction in tandem action completely 

preserve the protective mechanism of ischemic preconditioning. Accordingly, the protective mechanism of 

preinfarction angina is preserved in elderly patients with a high grade of physical activity or a low body-

mass index. Thus, both physical activity and caloric restriction are confirmed as powerful anti-aging 

interventions capable to restore age-dependent reduction of a critical endogenous protective mechanism 

such as ischemic preconditioning. 
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Ischemic preconditioning is an adaptive mechanism in 

response to brief episodes of myocardial ischemia able to 

reduce the cellular damage subsequent to a more 

prolonged ischemic insult; in other words, a brief period 

of ischemia and the following reperfusion makes the 

heart more resistant to successive more prolonged 

ischemic insult, and therefore ischemic preconditioning 

is able to reduce the infarct size [1]. Cardiac ischemic 

preconditioning, the most powerful endogenous 

protective mechanism, is represented as an anti-ischemic 

vaccination. In other words, ischemic preconditioning is 

a classical example of hormetic effect of a mild stress 

(i.e. brief and multiple ischemic episodes) able to get a 

protection in the heart against the more prolonged 

ischemic insult [2-4]. 

 

Mechanism of ischemic preconditioning 

 

This mechanism does not depend on collateral vessels: 

ischemic preconditioning is present in animal models 

without collateral vessel and in experimental model as in 

the isolated perfused heart subjected to a global ischemia 

[2-4]. The protective effect of ischemic preconditioning 

could be reduced if the time between preconditioning 

ischemic episode and the prolonged ischemic episode is 

excessive. Finally, ischemic preconditioning is classified 

in “early” when the protective effect is manifest 
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immediately from ischemic episode and “delayed” when 

the protective effect is manifest 24 hours from ischemic 

episodes
 
[2-4]. Another form of IP is the so-called 

“remote preconditioning” in which ischemia in one 

region of the heart causes protection in a remote region 

of the heart itself or of another organ. This suggests that 

a circulating humor or perhaps a neural reflex triggers 

protection in the remote region [4]. Finally, it has been 

reported that brief episodes of coronary occlusion and 

reperfusion at the onset of reperfusion after sustained 

ischemic insult conferred cardioprotection against 

ischemia-reperfusion injury: this mechanism is defined 

“post-conditioning”. Interestingly, post-conditioning can 

be applied at the onset of reperfusion thus being 

applicable in clinical settings [5]. However, in this 

review only “early” cardiac ischemic preconditioning 

will be discussed. 

 

 

 

 
 
 

Fig. 1: Hypothetical mechanism of IP-induced cardioprotection (see text for details). (A) Ischemic 

preconditioning phase: NE=Norepinephrine; UCN=Urocortins; ANP=Atrial Natriuretic Peptide; BNP=Brain 

Natriuretic Peptide; GPCR=G-protein coupled receptor; NPR, natriuretic peptide receptor; PI3K=Phosphatydil-

inositol 3 kinase; Akt=serine/threonine kinase; serine/threonine kinase eNOS=endothelial Nitric Oxide Synthase; 

NO=Nitric Oxide;  sGC=soluble Guanylate Cyclase; GMP=Guanosine MonoPhosphate; pGC=particulate Guanylate 

Cyclase; PKG=Protein Kinase G; PKC=Protein Kinase C; Cx43=Connexin 43; KATP=Mitochondrial potassium ATP-

dependent channels; ROS=Reactive Oxygen Species; MPTP=Mitochondrial Permeability Transition Pore; p38=p38 

mitogen-activated protein kinase. (B) Reperfusion Injury Salvage Kinase (RISK):  IGF-1, insulin-like growth factor;  

FGF-2, fibroblast growth factor 2; GFR=Growth Factor Receptor; ERK=extracellular regulated kinase; P70S6K=p70 

ribosomal S6 protein kinase; GSK3ß=glycogen synthase kinase 3beta. In (A), the numbers in squares indicate the 

age-related IP impairment sites: 1=Abete et al., 1996; 2=Tani et al., 2001; 3=Fenton et al., 2005; 4=Boengler et al., 

2007 (with permission, Abete P et al., 2010) [56]. 
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 The molecular mechanism of ischemic 

preconditioning is very complex. From activation of G-

protein-coupled receptors (GPCR) by adenosine, 

norepinephrine, bradykinin, opioids, ect., phos-

phoinositide-3-kinase (PI3K)/serine/threonine kinase 

(Akt) is activated with subsequent downstream 

activation of nitric oxide synthase (NOS) and nitric 

oxide (NO) formation, and guanylate cyclase, protein 

kinase G (PKG) and protein kinase C (PKC) activation. 

Moreover, PKC can be directly activated through 

adenosine or guanylate cyclase by natriuretic peptide 

receptor. All these events lead to the opening of the 

mitochondrial ATP-dependent potassium channels 

(mito-KATP) through ε-PKC. The opening of mito-

KATP channels results in an influx of potassium that 

causes swelling of the mitochondria which is thought to 

lead to the production of reactive oxygen species (ROS) 

[6-8]. In fact, it has been showed that protection 

conferred by the mito-KATP opener diazoxide can be 

blocked by ROS scavengers. ROS formation results in 

p38 mitogen activated kinase and PKC activation and 

subsequent ‘‘priming’’ of mitochondrial permeability 

transition pore (MPTP) [6-8]. This mechanism has been 

proposed as final step of the IP intracellular signaling 

pathway [9-11]. The MPTPs are multiprotein complexes 

forming non-selective pores in the inner membrane of 

the mitochondria. The pore is thought to be formed by 

alignment of the adenine nucleotide translocator (ANT) 

on the inner membrane and the voltage-dependent anion 

channel (VDAC) on the outer membrane. The pore 

connects the matrix directly to the cytosol and is formed 

during ischemia reperfusion injury. Once open, this pore 

allows free passage of any molecule which disrupts the 

permeability barrier of the inner membrane with 

devastating consequences related to the uncoupling of 

the oxidative phosphorylation. MPTP formation results 

in the collapse of the mitochondrial membrane potential 

which impairs cells’ ability to produce ATP. Loss of 

energy for the sodium/potassium ATPase pumps leads to 

intracellular sodium accumulation along with water. 

Unless pore closure occurs, these changes will cause 

irreversible damage to the cell resulting in necrotic death 

[9-11]. Current evidences suggest that during the 

preconditioning phase the brief ischemic stimulus causes 

a reversible MPTP opening and a subsequent 

mitochondrial depolarization reducing the driving force 

for Ca2+ uptake into the matrix which would largely 

occur during reperfusion after a prolonged ischemic 

period (Fig. 1A) [9-11]. During early reperfusion after 

the preconditioning stimulus, activation of GPCR or of 

growth factors receptors results in activation of the 
reperfusion injury salvage kinase (RISK) program (Fig. 

1B). RISK involves the parallel activation of the 

PI3K/Akt and the extracellular regulated kinase system 

with downstream p70 ribosomal protein S6 kinase 

(p70S6K) and glycogen synthase kinase 3b (GSK3b) 

activation leading to the inhibition of MPTP opening 

with an increased survival of myocardial cell (Fig. 1B) 

[6-8]. 

 

Clinical evidences of ischemic preconditioning 

 

Clinical observations of ischemic preconditioning are 

very important because if the mechanism was elucidated, 

it should become the basis of a new therapeutical 

approach of coronary artery diseases. Clinical 

equivalents of ischemic preconditioning are represented 

by transluminaly coronary angioplasty, preinfarction 

angina, and walk through angina and warm-up 

phenomenon [2-4]. In particular, Kloner et al.
 

[12] 

showed that in patients with preinfarction angina at least 

48 hours before myocardial infarction, the incidence of 

mortality and cardiogenic shock was reduced. 

Successively, Andreotti et al. [13] have demonstrated 

that patients with preinfarction angina undergone 

thrombolytic therapy showed a more rapid reperfusion, 

and a reduction of infarct size. Finally, three phenomena 

of clinical relevance should be considered in which the 

mechanism seems to be the ischemic preconditioning: 

the first one is represented by a condition of effort 

angina following physical exercise, which paradoxically 

disappears when the exercise keeps on going (“walk-

through angina”); the second one is characterized by a 

reduction of clinical and electrocardiographic parameters 

of effort ischemia following the first exercise test 

(“Warm-up phenomenon”); the last one is represented by 

transluminal coronary angioplasty: electrocardiographic, 

biochemical and clinical signs of ischemia are reduced 

after the first balloon inflation [2-4]. 

 

Age-dependent reduction of ischemic preconditioning  
 

Several investigators have supported the idea that 

ischemic preconditioning may be reduced with aging. 

Why? Age is a powerful predictor of mortality for acute 

myocardial infarction. Mortality for acute myocardial 

infarction is 80% in coronary heart disease patients older 

than 65 years, with a frequency three-fold greater 

compared with adult patients [14-17]. These 

characteristics have been attributed to several conditions 

such as myocardial mass increase [18], diastolic 

dysfunction [19] and reduced angiogenesis [20]. 

Although the high rate of comorbidity and the reduction 

of thrombolytic therapy observed in the elderly seem to 
be the more reasonable explanations [15,16], no factor 

completely explains the age-related increase of acute 
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myocardial infarction mortality. Thus, the higher 

mortality and morbidity associated with advancing age 

could be due to the reduction of some endogenous 

protective mechanism against myocardial ischemia, a 

classic example being “ischemic preconditioning”.  

Experimental studies have demonstrated that 

myocardial ischemia may determine a greatest 

myocardial dysfunction in heart from senescent animals 

with a less evident recovery during reperfusion when 

compared to adult ones [21-23].  From these evidences 

stems the hypothesis that anti-ischemic endogenous 

mechanisms as ischemic preconditioning may reduce 

with aging. Thus, we have firstly demonstrated, in the 

isolated and perfused rat heart, that ischemic 

preconditioning is reduced in hearts from rats 24 months 

old that undergone 20 minutes of ischemia and 40 

minutes of reperfusion and in rats subjected to a 

preconditioning protocol with a short period of ischemia 

(2 minutes) followed by 10 minutes reperfusion. The 

results obtained showed an improvement of left 

ventricular function in hearts from adult but not in those 

from senescent rats. In addition, norepinephrine release 

from coronary effluent was reduced in senescent hearts 

in response to preconditioning stimulus when compared 

to adult ones. In adult animals the pre-treatment with 

reserpine was able to deplete norepinephrine from 

adrenergic store and the recovery of left ventricular 

function during reperfusion was abolished. The study 

allowed to conclude that ischemic preconditioning is 

reduced with aging and this reduction is due to a 

reduction of norepinephrine release in response to 

preconditioning stimulus
 
[24]. Moreover, the age-related 

reduction of ischemic preconditioning has been 

successively confirmed in several studies.  Tani et al. 

[25] demonstrated that hearts became more vulnerable to 

ischemia with age and that the beneficial effects of 

preconditioning were reversed in middle-aged rat hearts. 

Ischemic preconditioning reduced necrosis development 

and enhanced reperfusion contractile function in young 

but not in aged hearts [26]. Moreover, not only ischemic 

stimulus but also pharmacological means such as 

adenosine A1 agonist, protein kinase C analog, and 

mitochondrial ATP-sensitive potassium channel opener 

diazoxide are unable to precondition the aging heart [27]. 

Bartling et al. [28] have shown that ischemic 

preconditioning has no positive effect on the 

postischemic functional recovery of senescent human 

myocardium in human right atrial trabeculae. Recently, 

Boengler et al. [29] have demonstrated the age-related 

reduction of IP in “in vivo” models. In fact, IP by one 

cycle of 10 min ischemia and 10 min reperfusion 
reduced infarct size following 30 min regional ischemia 

and 120 min reperfusion in young but not in old mice 

hearts. 

 

 
 
Fig. 2: The age-related reduction of IP in the isolated and 

perfused rat heart is shown. In Langendorff experiments left 

ventricular developed pressure (DP) recovered ≈ 40-50% in 

controls (standard ischemia [20 min] – reperfusion [40 min] 

insult) of both adult and senescent rat hearts (A). In 

preconditioning experiments (ischemia 2 min followed by 

10 min of reperfusion and then a standard ischemia – 

reperfusion insult) (IP), DP recovered ≈ 80% in adult but 

not in senescent hearts (*p<0.001 vs. adults).  

 

 
Mechanism of age-dependent reduction of ischemic 

preconditioning  

 

A possible mechanism of the age-related reduction of IP 

may be the decrease of norepinephrine release in 

response to IP stimulus by α1-adrenoreceptor 

stimulation. In fact, the abolition of this protective 

mechanism by prazosin and reserpine strongly suggests 

that the endogenous release of catecholamines mediates 

the effect of IP [30]. On the other hand, the age-related 

decline of catecholamines release due to several 

mechanisms, including a diminished ability of 

catecholamine synthesis, has been described [31,32]. 

Accordingly, it has been shown that norepinephrine 

release from coronary effluent was reduced in senescent 

hearts in response to IP stimulus when compared to adult 

ones. In addition, the depletion of norepinephrine stores 

by pre-treatment with reserpine blunts the recovery of 

left ventricular function during reperfusion in hearts 

from adult animals [24]. These findings allowed to 

conclude that age-related reduction of IP is due, at least 
in part, to a reduction of norepinephrine release in 

response to preconditioning stimulus [24]. Indeed, 
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adenosine failed to induce cardioprotection in aged 

hearts probably because of an impairment of downstream 

signaling elements rather than a decreased expression of 

specific adenosine receptors [33]. PKC is one of the 

kinase involved in IP-induced cardioprotection [4]. More 

specifically, IP is related to a translocation of PKC from 

the cytosol to the particulate fraction and to a consequent 

activation of mitochondrial potassium ATP channels [4]. 

PKC translocation in response to IP is impaired in the 

aging heart and probably is responsible for the loss of 

age-related reduction of IP cardioprotection [34]. 

However, it has been reported that in 4- year-old rabbit 

hearts PKC translocation is impaired but IP is still 

effective [35]. PKC isoforms may trigger IP by 

phosphorylating gap junctions and mitochondria 

connexin-43 which has been recently demonstrated to be 

reduced in aged mouse heart [29]. Finally, 

phosphorylation of protein kinases such as ERK1/2 

(extracellular signal regulated kinase), Akt, GSK3b 

(glycogen synthase kinase 3b), or p38 may activate IP 

cardioprotective effect [10]. Moreover, it has been 

demonstrated that aging-related loss of IP 

cardioprotection involves failure to activate p38 MAPK 

and HSP27 [36]. Since an up-regulation of protein 

phosphatases such as protein phosphatase 2A was 

observed in aging rat hearts, an enhanced 

dephosphorylation by protein phosphatases may be 

considered another mechanism of age-related IP 

reduction [37]. Interestingly, ischemic post-conditioning 

significantly reduced infarct size via up-regulation of 

ERK signaling in adult but not in old mouse hearts 

probably as a consequence of the age-related reduction 

in ERK phosphorylation [38].   

 

Clinical evidence of the age-related reduction of 

ischemic preconditioning: the preinfarction angina 
 

Preinfarction angina, the most evident equivalent of 

ischemic preconditioning, has been studied in adult and 

elderly patients in terms of in-hospital primary and 

secondary events: in adult patients (<65 years), both in-

hospital mortality and cardiogenic shock were more 

frequent in the absence than in  the presence of 

preinfarction angina; CK-MB (creatine kinase 

myoglobin fraction) peak, transmural infarctions 

number, the incidence of ventricular tachycardia and 

fibrillation, and the ventricular dysfunction were 

significantly higher in the adult patients without than in 

those with preinfarction angina (Fig. 3B). In elderly 

patients ( 65 years), the protective effect of 

preinfarction angina seems to be lost: both in-hospital 

primary (mortality and cardiogenic shock) and secondary 

(CK-MB peak, transmural infarctions number, the 

incidence of ventricular tachycardia and fibrillation, and 

the ventricular dysfunction) end-points were similar in 

elderly patients with and without preinfarction angina 

(Fig. 3B). Logistic regression, adjusted for several 

variables including the use of thrombolytic and anti-

anginal therapy, demonstrated that preinfarction angina 

is a protective variable against mortality and cardiogenic 

shock in adult but not in elderly patients [39]. 

Successively, in non-elderly patients, prodromal angina 

was associated with lower peak creatine kinase levels, 

lower in-hospital mortality rates, and better 5-year 

survival rates while in elderly patients there was no 

significant difference in peak creatine kinase levels, in-

hospital mortality rate, and 5-year survival rates. A 

multivariate analysis showed that prodromal angina in 

the 24 hours before infarction was associated with 5-year 

survival rate in non-elderly patients but not in elderly 

patients [40].
 
The “warm-up phenomenon” also seems to 

reduce in elderly patients as demonstrated both with 

dynamic electrocardiography [41] and effort exercise 

[42]: with both methods the ischemic episode successive 

to the first myocardial ischemia was reduced in adult but 

not in elderly patients. Very recently, the absence of 

ischemic preconditioning has been demonstrated in 

elderly patients during coronary angioplasty [43].  

 

 
 

 
Fig. 3: The age-related reduction of the cardioprotective 

effect of preinfarction angina, a clinical equivalent of IP, is 

shown. Bar graphs show that in-hospital mortality was 

similar in adults and elderly patients. In contrast, in the 

presence of angina, in-hospital mortality was lower in 

adults than in elderly patients. Thus, preinfarction angina is 

protective against in-hospital mortality in adults but not in 

elderly patients. 
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Lifestyles and ischemic preconditioning: caloric 

restriction and exercise training in the aging heart. 
 

Caloric restriction has been widely described as an anti-

aging intervention [44]. In particular, caloric restriction 

increases the life span of rodents [45], retards the 

severity of some age-related diseases [46] and attenuates 

the physiological decline of several organs, including the 

heart [44]. Recently, we have demonstrated that ischemic 

preconditioning improved both mechanical and electrical 

parameters in adult but not in hearts from “ad libitum” 

senescent animals and that ischemic preconditioning is 

preserved in food-restricted senescent animals. In 

addition, caloric restriction seems to restore ischemic 

preconditioning in hearts from senescent animals 

through an involvement of the adrenergic pathway in 

response to ischemic preconditioning. Norepinephrine 

release in response to ischemic preconditioning is 

reduced in the senescent heart and restored in hearts 

from food-restricted senescent animals [47] (Fig. 4A). 

 

 

 
 
Fig. 4: The restoration of the age-related of IP by exercise training and caloric restriction in the isolated 

and perfused rat heart is shown in panel A. Bar graphs show the recovery of left ventricular developed 

pressure (LVDP) (% of basal) at the end of reperfusion in sedentary ad libitum fed (control), trained ad 

libitum fed, sedentary food-restricted and trained- and food-restricted senescent hearts subjected to 

ischemia (20 min) and reperfusion (40 min) (Ischemia - IP) and pre-treated with preconditioning 

stimulus of 2 min followed by 10 min of reperfusion (Ischemia + IP). LVDP recovery was similar in the 

absence and the presence of IP. Exercise training and caloric restriction restored IP (p<0.01 vs. Control) 

and this effect was more evident in hearts from trained- and food-restricted rats (
§
p<0.001 vs. Control). 

The preservation of the age-related reduction of the cardio-protective effect of preinfarction angina, a 

clinical equivalent of IP, by physical activity evaluated by Physical Activity Scale for the Elderly 

(PASE) score and by a normal body-mass index (BMI) is shown in B. Bar graphs show that in-hospital 

mortality percentage was similar in elderly patients without and with preinfarction angina but it was 

lower in elderly patient with preinfarction angina with high PASE score (>90) and normal BMI (19-24) 

(
§
p<0.05 vs. all patients). This effect was more evident in elderly patients with the highest PASE (>90) 

and the normal BMI (19-24) (*p<0.01 vs. all patients) (with permission, Abete P et al., 2010) [56]. 
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Exercise training is able to increase average survival 

time in rats without increasing their maximal longevity 

but it might reverse several age-related modification of 

the heart [48]. The effects on mechanical parameters of 

ischemic preconditioning against 20 minutes  of global 

ischemia followed by 40 minutes of reperfusion has been 

investigated in isolated perfused hearts from adult (6 

months) and sedentary or trained (6 weeks of graduated 

swim training) senescent (24 months) rats. The effect of 

preconditioning on developed pressure recovery was 

absent in sedentary but present in trained senescent 

hearts (Fig. 4A). Norepinephrine release significantly 

increased after preconditioning in adult and in trained 

but not in sedentary senescent hearts. Thus, in adult and 

trained but not in sedentary senescent hearts, 

preconditioning reduces postischemic dysfunction and is 

associated with an increase in norepinephrine release 

[49]. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Mortality for acute 

myocardial infarction in all elderly 

patients (A), in those without (no 

angina, B) and in those with 

(angina, C) preinfarction angina 

according to quartiles of physical 

activity (PASE) combined with 

each body mass index (BMI) 

quartile is shown. In-hospital death 

was lowest in elderly patients 

“with preinfarction angina” in the 

highest PASE score and in the 

lowest BMI subgroups (with 

permission, Abete P et al., 2009) 

[55]. 

 

 

 

 

“Combined action” of physical activity and caloric 

restriction can retard the age-related modifications of the 

heart. In isoproterenol-induced acute myocardial 

infarction in male rats both exercise or maintenance of 

body weight are able separately to prevent drug-induced 

acute myocardial infarction, but additional protection is 

produced when food restriction is combined with 

exercise training [50]. Since ischemic preconditioning 

may be partially corrected by exercise training and food 

restriction the role of exercise training combined with 
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food restriction on restoring ischemic preconditioning 

was investigated in isolated hearts [51]. Developed 

pressure recovery was partial in hearts from trained ad 

libitum fed and sedentary food-restricted but it was total 

in adult hearts and in those from trained and food 

restricted senescent rats (Fig. 4A). Thus, the combined 

action of exercise training and food restriction is able to 

completely restore the ischemic preconditioning in the 

aging heart. In these experimental conditions, cardiac 

norepinephrine release in response to ischemic 

preconditioning stimulus is reduced in senescent but not 

in adult animals and is partially restored by exercise 

training and by dietary restriction in senescent animals. 

Interestingly, cardiac norepinephrine release in response 

to ischemic preconditioning stimulus is completely 

restored in trained- and food restricted animals, 

demonstrating that the synergistic action on 

norepinephrine release might explain how exercise 

training and food restriction together are able to totally 

preserve ischemic preconditioning in the aging heart. 

This hypothesis was supported by the complete abolition 

of the restoring effect of exercise training and food 

restriction after reserpine pre-treatment which is able to 

deplete norepinephrine stores [51]. 

 

Effects of physical activity and hypocaloric diet on 

preinfarction angina, a clinical equivalent of ischemic 

preconditioning, in the elderly 

 

The effects of physical activity, evaluated by the PASE 

(Physical Activity Scale for the Elderly) [52], on 

preinfarction angina, a clinical equivalent of ischemic 

preconditioning, was investigated in adult and elderly 

patients with acute myocardial infarction. A high level of 

physical activity was strongly associated with reduced 

in-hospital mortality. Moreover, a high level of physical 

activity reduced in-hospital mortality in elderly patients 

with but not in those without preinfarction angina (Fig. 

4B). Accordingly, regression analysis confirmed that the 

protective effect of preinfarction angina is preserved in 

elderly patients with a high level of physical activity 

[53]. 

Accordingly, less in-hospital deaths were observed 

in elderly patients with than in those without 

preinfarction angina in the subset of patients with the 

lowest body-mass index (Fig. 4B). Regression analysis 

demonstrated that preinfarction angina did not protect 

against in-hospital death when analyzed in all patients 

independently of body-mass index, whereas it was 

protective in the subset of patients with the lowest body-

mass index [54]. 
When elderly patients with AMI were stratified in 

quartiles of physical activity combined with each BMI 

quartile, in-hospital death progressively decreased as 

PASE score increased and BMI decreased. In particular 

the subset of elderly patients with the lowest BMI in 

hospital death decreased as PASE scores increased (Fig. 

4A). In elderly patients without preinfarction angina the 

combined action of PASE and BMI did not seem to 

influence the occurrence of in-hospital death (Fig. 4B). 

In contrast, when elderly patients with preinfarction 

angina were stratified in quartiles of PASE combined 

with each BMI quartile, in-hospital death progressively 

decreased as PASE scores increased and BMI decreased. 

In particular the subset of elderly patients with the lowest 

BMI showed in hospital death to decrease as PASE 

scores increased (Fig. 4C). 

The synergistic action of physical activity and low 

body mass index is confirmed by the multivariate 

analysis of preinfarction angina on in-hospital death 

performed by stratifying for PASE quartiles combined 

with each body-mass index quartile. Preinfarction angina 

was protective against in-hospital death in the highest 

PASE score in all body-mass index subgroups. 

Interestingly, preinfarction angina reached the maximum 

at highest PASE and lowest body-mass index score and 

it was still protective against in-hospital death at 57-90 

PASE score but at lowest body-mass index. More 

importantly, the effect of preinfarction angina is 

“predictive” of mortality in sedentary and overweight 

elderly patients, but it becomes “protective” in trained 

normal weight elderly patients, suggesting a key role of 

lifestyles in this phenomenon (Fig. 5) [55]. 

 

Conclusions 

 
We conclude that: 

- a brief ischemic episodes may protect the heart from 

a successive and more prolonged myocardial 

ischemia (ischemic preconditioning); 

- cardiac ischemic preconditioning is reduced with 

aging in both experimental and clinical settings; 

- alterations of mediators release and/or intracellular 

pathways may be responsible for the age-related 

ischemic preconditioning reduction; 

- exercise training and caloric restriction separately, 

and more powerfully, taken together, are able to 

completely preserve and/or restore the age-related 

reduction of IP in both animal and human studies. 
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