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Biological rhythms in health and disease

Roberto Manfredini

•Circadian rhythms
•Circadian organization and control of bodily’s
functions

•Desynchronization of circadian rhythms
•Chronotype: morningness or eveningness?
•Chronotype and implications for general,
metabolic and cardiovascular health

•Chronobiology and onset of CV diseases
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Circadian: from ‘circa diem’ ≈24-hour
the time of a complete earth rotation
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Asher & Sassone-Corsi, Cell 2015



12/12/2017

4



12/12/2017

5

The central biological clock (masterclock)
regulates all body functions
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Oral Temperature

Simple Search Task

Complex Cognitive Task

Alertness

•Circadian rhythms
•Circadian organization and control of bodily’s
functions

•Desynchronization of circadian rhythms
•Chronotype: morningness or eveningness?
•Chronotype and implications for general,
metabolic and cardiovascular health

•Chronobiology and onset of CV diseases
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‘free running’ rhythm

- the innocent sleep..

The death of each
day’s life, sore labor’s
bath,

Balm of hurt minds,
great nature’s second
course,

Chief nourisher in life’s
feast.

- - il sonno innocente...
morte della vita d'ogni
giorno, bagno
ristoratore del faticoso
affanno, balsamo alla
dolente anima stanca,
piatto forte alla mensa
della grande natura,
nutrimento principale
nel banchetto della vita

Shakespeare, Macbeth Act 2, Scene 2, Page 3

Sleep
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• Restoration Theory
– ‘Recharging Battery’ (cognitive, physical, emotional

needs)

• Evolutionary Theory
– Energy preservation, minimization of exposure to

predators

Sleep theories

Sleep stages
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Stage 1 – Transition period

• Usually 10 minutes

• If awakened, the great majority of
people say they weren’t asleep

• “Micro-Sleeps”

Stage 2 – Deeper, reduced ocular movements

• Low restorative quality

• Near half of sleep time (adults) in stage 2

• About 20 min. are needed to pass to next stage
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Stage 3 – Slow Wave Sleep (SWS)

• Most vital for recuperation, immune function

• SWS increases after intellectually challenging tasks

• Most SWS occurs during the first half of the sleep
period

Rapid Eyes Movements (REM) sleep

• ‘brain on, body off’

• Rapid eye movements

• Wakeful EEG pattern

• Increased cerebral blood flow

• Absent spinal reflexes
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REM sleep

• First episode occurs after 90-120
min of NREM sleep

• Cycles of approx. 90 min.,
progressively more frequent
arriving closer to wake-up

Autonomous nervous system and sleep

SNA
sympathetic-nerve activity
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Peripheral biological clocks exist in multiple
organs and cooperate with the masterclock

Other ‘synchronizers’ play a role as well
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Asher & Sassone-Corsi, Cell 2015

•Circadian rhythms
•Circadian organization and control of bodily’s
functions

•Desynchronization of circadian rhythms
•Chronotype: morningness or eveningness?
•Chronotype and implications for general,
metabolic and cardiovascular health

•Chronobiology and onset of CV diseses
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Continuous light; frequent snacking;
low physical exercise

Light at night; nocturnal eating;
nocturnal physical activity

Daylight-saving time; crossing time
zone; shiftwork

Aging

Experimental models (knock-out)

Nocturnal melatonin suppression;
loss of cortisol rhythmicity

Jet lag: symptoms

Fatigue in the new daytime…………
and yet inability to sleep at night

Headaches, irritability and loss of concentration

Knowing that you should be hungry……..
-

and yet loss of appetite, and feeling bloated after a meal

Indigestion and bowel irregularities

Loss of motivation and commitment
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Jet lag: symptoms

Unlike travel fatigue, they are:
– -slow to alleviate
– -worse when more time zones

are crossed
– -worse at some times of day

than others
– -worse when flying west to east

(West is best and East is least)
recovery: 92 min/day
(westwards, phase delay) and 
57 min/day (eastwards, phase
advance), respectively

Desynchronization of circadian rhythms
SLOW
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Pan et al, PLoS Med 2011
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•Circadian rhythms
•Circadian organization and control of bodily’s
functions

•Desynchronization of circadian rhythms
•Chronotype: morningness or eveningness?
•Chronotype and implications for general,
metabolic and cardiovascular health

•Chronobiology and onset of CV diseases

Individual circadian preference (chronotype)
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Rather 80 different genes play a role in
driving different chronotypes

Pegoraro et al, Front Neurol 2015

Morningness-Eveningness Questionnaire
(MEQ)

Final score Result

70 – 86 Definite morning type

59 – 69 Moderate morning type

42 – 58

50 – 58

42 – 49

Intermediate

Intermediate, with propensity to
morning type

Intermediate, with propensity to
evening type

31 – 41 Moderate evening type

16 – 30 Definite evening type

Horne & Hostberg, Int J Chrobiol 1976
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Fabbian et al, Chronobiol Int 2016

Kanerva et al, Chronobiol Int 2012
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Kanerva et al, Chronobiol Int 2012

Lucassen et al, PLoS One 2013
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Patterson et al, Ann Behav Med 2016

Sleep: Late to bed, late to rise,
could be cardiometabolically unwise

Phillips R, 2016 Jan; 12(1):1
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•Circadian rhythms
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functions

•Desynchronization of circadian rhythms
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•Chronotype and implications for general,
metabolic and cardiovascular health

•Chronobiology and onset of CV diseases

Myocardial infarction and time of day

Muller et al, N Engl J Med 1985
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Circadian variation of acute CV diseases

Acute myocardial infarction
Manfredini et al, Am J Emerg Med 2004

Ischemic stroke
Casetta & Manfredini, Arch Neurol 2002 Haemorrhagic stroke

Casetta & Manfredini, JAMA 2002

Abdominal aortic aneurysm rupture
Manfredini et al, Lancet 1999

Thoracic aortic aneurysm dissection
Mehta & Manfredini, Circulation 2002

Myocardial infarction and time of day
(concurring factors)

Manfredini et al, Encyclopedia of Stress, Elsevier, 2007

INCREASED
O2 DEMAND

REDUCED
O2 SUPPLY

 hematocrit
 viscosity
 fibrinogen
 PTT, APTT

 PAI-1
 t-PA

 coronary tone
 coronary flow

 cortisol
 blood pressure
 catecholamines

REM sleep
awakening

physical activity
 heart rate

Unstable plaque

Plaque rupture

Acute myocardial infarction

STRESS
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Vitale et al, Chronobiol Int 2015

Eight studies (n=1816
patients). Significant
increased incidence
between 6 a.m. and noon
in comparison to the other
hours (p<0.001). In the
morning hours there is an
absolute increased risk of
58% respect to remaining
hours and of 139% respect
to the night hours.

Concurring pathophysiological factors

Manfredini et al, J Vasc Surg 2004



12/12/2017

28

Manfredini et al, Progr Cardiovasc Diis 2013

Seasonal variation of acute CV diseases

Acute myocardial infarction
Manfredini et al, Chronobiol Int 2005

Acute myocardial infarction
Manfredini et al, Am J Emerg Med 2009

Acute aortic diseases
Mehta & Manfredini, Circulation 2002

Acute aortic diseases
Manfredini et al, J Thorac Cardiovasc Surg 2008

Transient ischemic attack
Manfredini et al, Clin Appl Thromb Hemost 2010
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Manfredini et al, Am J Med 2001

Manfredini et al, Am J Emerg Med 2009
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Manfredini et al, Am J Emerg Med 2010

Weekend and acute CV diseases

Gallerani et al, Int J Cardiol 2011; J Vasc Surg 2012; Int J Cardiol 2013

OR 1.34

OR 1.31

OR 1.33
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Tako-Tsubo cardiomyopathy

Citro et al, J Am Coll Cardiol 2009
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Manfredini et al, Am J Emerg Med 2010 Manfredini et al, Am J Emerg Med 2009
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