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Άσκηση-Ευρωστία-Υγεία

Πρόληψη Χρόνιων Παθήσεων & Άσκηση
Στάδια Πρόληψης:

• Πρωτοβάθμια: η αποφυγή εμφάνισης ασθένειας.

• Δευτεροβάθμια: πρώιμη ανίχνευση ασθένειας μέσω προληπτικών εξετάσεων.

• Τριτοβάθμια: διαχείριση της νόσου για αποφυγή επιπλοκών.

Η εφαρμογή δράσεων για τη μείωση της πιθανότητας εμφάνισης μιας ασθένειας.

Πρόληψη

Ορισμός:

Booth et al., Compr Physiol. (2012)

Γιατί Ασκούμαστε;

Ασκούμαι για 
την υγεία, την 
ευρωστία & 
ευεξία μου.

Ασκούμαι για 
βελτιώσω την 
εμφάνισή μου

Ασκούμαι 
επειδή το 

απολαμβάνω.

Ασκούμαι 
επειδή έτσι 
χαλαρώνω.

……..

Corbin et al., Άσκηση Ευρωστία Υγεία. (2016)

Η έναρξη άσκησης για 

ιατρικούς λόγους, ίσως

να σημαίνει ότι είναι 

σχετικά αργά.

Φυσική Δραστηριότητα:
Η οποιαδήποτε κίνηση του σώματος που παράγεται από τους σκελετικούς μυς, και απαιτεί ενεργειακή 
κατανάλωση. 

Caspersen et al., Public Health Rep. (1985)

Συστηματική Άσκηση:
Η σχεδιασμένη, δομημένη και επαναλαμβανόμενη κίνηση του σώματος με σκοπό τη βελτίωση ή διατήρηση 
μίας ή & περισσοτέρων συνισταμένων της φυσικής κατάστασης.

Φυσική Κατάσταση:
Περιλαμβάνει την καρδιο-αναπνευστική αντοχή, μυϊκή δύναμη και αντοχή, ευλυγισία, ισορροπία, ευκινησία 
και το συντονισμό κινήσεων. 



Πόσο Γυμνάζονται οι Ευρωπαίοι;

https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Health-enhancing_physical_activity_statistics https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Sport_participation_-_practicing_sport_and_physical_activity

Ποσοστό πληθυσμού που συμμετέχει σε κάποιο πρόγραμμα άσκησης, 
τουλάχιστον μια φορά την εβδομάδα (2014 vs. 2019)

Οι παθήσεις που η εξέλιξη και διάρκειά τους είναι μακροχρόνια (μήνες, χρόνια, εφ’όρου ζωής), σε
αντίθεση με τις βραχείες παθήσεις που χαρακτηρίζονται από ταχεία εκδήλωση και σύντομη διάρκεια.
(Booth et al., Compr Physiol. 2012)

o Καρδιαγγειακές: στεφανιαία νόσος, υπέρταση, περιφερειακή αγγειακή νόσος κτλ.

o Μεταβολικές: διαβήτης τύπου ΙΙ, μεταβολικό σύνδρομο κτλ.

o Αναπνευστικές: άσθμα, χρόνια αποφρακτική πνευμονοπάθεια κτλ.

o Ρευματολογικές: ρευματοειδής αρθρίτιδα, οστεοπόρωση, ψωριακή αρθρίτιδα κτλ.

o Δερματολογικές:ψωρίαση, δερματίτιδα κτλ.

o Γαστρεντερολογικές: νόσος του Crohn, ελκώδης κολίτιδα, κοιλιοκάκη κτλ.

o Νευρολογικές: σκλήρυνση κατά πλάκας, η νόσος του Πάρκινσον, άνοια κτλ.

o Καρκίνος

o Νεφρικές: χρόνια νεφρική νόσος

o Ψυχικές: άγχος, κατάθλιψη, σχιζοφρένεια κτλ.

Χρόνιες Παθήσεις
Ορισμός:

Ποιες είναι;

https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Self-
perceived_health_statistics

Ποσοστό Ανθρώπων που Πάσχουν από Χρόνιες Παθήσεις

• ~74% των θανάτων οφείλεται στις χρόνιες παθήσεις.
• ~86% από τα 17 εκατ. ανθρώπων που πεθαίνουν λόγω

χρόνιων παθήσεων είναι σε αναπτυσσόμενες χώρες.

Σύμφωνα με το Διεθνή Οργανισμό Υγείας:

• ~60% (~129 εκατ.) των ενηλίκων πάσχουν από ένα
χρόνιο νόσημα.

• ~42% & 12% του πληθυσμού πάσχει από >2 & >5
χρόνιες ασθένειες, αντίστοιχα.

• Οι τάσεις είναι αυξητικές!

Στις ΗΠΑ:

(Boersma et al., 2020; JAMA Network, 2018)

Στην Ευρώπη:



Φυσική Δραστηριότητα-Ευρωστία-Υγεία

ΥΓΕΙΑ
• Ευεξία

• Νοσηρότητα
• Θνητότητα

ΆσκησηΓονότυπος Διατροφή
Φυσικό 

Περιβάλλον
Κοινωνικό 

Περιβάλλον
Ψυχολογικά 
Γνωρίσματα

Συχνότητα Εμφάνισης Στεφανιαίας Νόσου

Η Άσκηση ως Μέσο Πρόληψης – Σύντομη Ιστορική Αναδρομή

• Αρχαία Ινδία (~1500-600 π.Χ.)

• Αρχαία Ελλάδα: Ιπποκράτης (~450 π.Χ.)

• Αρχικές Επιδημιολογικές Μελέτες (1949-1953)
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THIS report is one of a series on the epidemiology of
coronary disease. Study of coronary heart-disease 10
suggests that there has been a true increase of it, and
that this is not due simply to an increase of coronary
atheroma. The atheroma, it seems, is the basic condition
of the heart-disease ; but other conditions are necessary,
and the ccmplex of atheroma, thrombosis, and the
capacity of the heart to deal with these in relation to the
demands made upon it, all need to be studied.
Surveys have been made from the Social Medicine

Research Unit to gain some knowledge of coronary heart-
disease as a problem in public health, and in the hope
of uncovering social factors which may be favourable or
unfavourable to its occurrence. Observations on a group
of medical practitioners 12 indicated that such epidemio-
logical study can be carried out with relatively small
numbers, and that it may be rewarding. The present
report extends this study to other workers and describes
the findings among them. Readers are referred to the
previous papers where the possibilities and limitations
of this type of investigation are considered, and points
of theory and method are discussed in some detail.

I. CORONARY HEART-DISEASE IN DIFFERENT
OCCUPATIONS

London Transport
The occurrence of coronary heart-disease in certain

groups of weekly paid employees of London Transport
Executive during 1949 and 1950 was studied by special
arrangement between the unit and the Chief Medical
Officer and Staff Administration Officer of London
Transport Executive. The experience of drivers and
conductors of the Central (" red ") buses, the drivers and
conductors of the trams and trolleybuses, and the motor-
men and guards on the Underground railways, was
observed. About 31,000 men, aged 35 to 64, were
included. These groups of staff were chosen because the
numbers in each grade were large and the groups were
homogeneous as regards occupation.
In investigations of this type two sets of facts are

required :
(1) Facts about all the episodes of coronary heart-disease

that were recognised during the period under review, and
about the workers concerned.

(2) Facts about the " populations " to which these workers
belonged.
This information was obtained in the manner described

below.
As part of the general study of industrial morbidity being

Blade by the London Transport Executive,19 all sickness
absences of any duration for these 31,000 employees are
recorded in a Central Record of Staff Statistics maintained by
the Staff Administration Officer. Medical diagnoses are

obtained from general practitioners’ and hospital certificates,
and from the London Transport medical officers who examine
men before they return to work if their absence exceeds
twenty-eight days. In addition, cases of heart-disease with

absences of any duration are so examined. All diagnoses are
coded by the international three-figure code.8 Details of all
deaths and of all retirements due to ill health are also recorded
and the medical causes are similarly coded. Copies of the
death certificates were available, as were the diagnoses of the
London Transport medical officers for ill-health retirements.
Routine checks are imposed in the Central Record of Staff
Statistics to ensure accuracy of data.
By special arrangement for the present inquiry, all absences,

ill-health retirements, and deaths, the diagnoses of which were
assigned to any code number from 420 to 434 (inclusive)
were reported to the medical department for detailed scrutiny ;
and cases of coronary heart-disease, presumptively athero.
sclerotic, and doubtful cases for consideration, were then
" notified " to the unit. (It is, of course, to be appreciated
that all clinical presentations of the disease, whether occurring
on or off duty, were included.)
From the Central Record of Staff Statistics population

counts in appropriate age-groups for each occupational group
were available at the beginning and end of each year the
investigation covered.

RESULTS

Incidence and Early Mortcclity
Men may retire from work because of coronary heart-

disease ; so information from industrial sources on

TABLE I-FIRST CLINICAL EPISODES (INCIDENCE) OF CORONARY
HEART-DISEASE IN WEEKLY PAID STAFF (MEN AGED 35-64
INCLUSIVE) OF LONDON TRANSPORT EXECUTIVE, 1949-50

First clinical episode =clinical onset of disease = the first recog-
nised and recorded attack of coronary (isohaemic) heart-disease.
This was taken to be the same as the first absence from work
ascribed to coronary heart-disease. All sickness absences of any
duration were recorded, and all deaths are known. The experience
of the men during 1949-50 was observed concurrently, and related
to their personal records with London Transport Executive and
predecessor organisations. Only episodes which began in 1949
and 1950 were included.
The type of first clinical presentation is taken from the final

diagnosis for the first absence from work with London Transport
Executive which was ascribed to coronary heart-disease. There
were three main types : (1) angina pectoris, or of effort, causing
sickness absence for more than 3 days ; (2) " coronary thrombosis
-coronary occlusion-myocardial (cardiac) infarction, causing
sickness absence for more than 3 days ; (3) immediate mortality,
in which are included sudden deaths from coronary heart-disease,
deaths occurring on duty, or during the first 3 days of the first
recorded absence from work for coronary disease. Cases of
" coronary insufficiency," &c., are included with " coronary
thrombosis " in (2).

Rate of first clinical episode.-Rates in this report are usually
average annual rates per 1000. The rate of first clinical episode, or
attack, may be termed the " incidence." Since the incidence of
individual types will be considered, the total rate is better described
as the " total incidence " and is the sum of the rates of (1), (2), and
(3) above.
The rates are standardised for age to permit comparison of the

experience of the various groups of workers. The base is the male
civilian population of England and Wales in mid-1949.

Throughout these tables the numbers of cases are in roman type,
rates are in italics. No rates are calculated for less than 3 cases.

31000 εργαζόμενοι στα αστικά λεωφορεία του Λονδίνου 1949-50

ΟδηγοίΕισπράκτορες v.s.

↓ 30%
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1950–1959 to nearly 75,000 articles in the most recent
decade. The present report pays tribute to Jerry’s contribu-
tions to this area of investigation and to the broad fields of
social medicine, the science of epidemiology, physical
activity and public health in the United Kingdom, and
physical activity research over the past 50þ years.

Influence on Epidemiology

Jerry is perhaps best known for his seminal contributions to
understanding the health benefits of exercise and the harms
of social inequality. Indeed, his crucial contribution to
helping establish chronic disease epidemiology may be
partly overlooked because some of his insights have become
integrated into standard practice. As he noted in 2004,
‘‘Today, epidemiology is a mature science, with journals
and textbooks and university degrees and university depart-
ments. It’s commonplace to have an epidemiological aspect
within clinical articles. In my time there was nothing like
this. We were creating epidemiology as we went along’’
(5). For Jerry and his contemporaries, the development of
epidemiological methodology was in dialectical relationship
to the investigation of concrete influences on population
health, in his case, of course, with a particular focus on exer-
cise. Thus, while Jerry introduced his groundbreaking 1957
textbook Uses of Epidemiology (6) by writing, ‘‘I am con-
cerned mainly with epidemiology as a way of learning, of
asking questions and getting answers that raise further
questions: that is, as a method,’’ he presented the material
almost exclusively in terms of solving practical questions.
In contrast to many other textbooks, there was no abstract
presentation of a methodology floating free above the heads
of the populations supposed to be the beneficiaries of
epidemiological investigation.

At the end of Uses of Epidemiology (6), a summary chapter
noted: ‘‘Epidemiology is the only way of asking some ques-
tions in medicine, one way of asking others (and no way
at all to ask many)’’. The seven uses of epidemiology
described in the book were as follows:

1. ‘‘In historical study of the health of the community and of
the rise and fall of diseases in the population; useful ‘projec-
tions’ into the future may also be possible.
2. For community diagnosis of the presence, nature, and
distribution of health and disease among the population,
and the dimensions of these in incidence, prevalence, and
mortality, taking into account that society is changing and
health problems are changing.
3. To study the workings of health services. This begins with
the determination of needs and resources, proceeds to anal-
ysis of services in action and, finally, attempts to appraise.
Such studies can be comparative between various
populations.
4. To estimate, from the common experience, the individ-
ual’s chances and risks of disease.
5. To help complete the clinical picture by including all
types of cases in proportion; by relating clinical disease to
the subclinical; by observing secular changes in the char-
acter of disease, and its picture in other countries.
6. In identifying syndromes from the distribution of clinical
phenomena among sections of the population.
7. In the search for causes of health and disease, starting
with the discovery of groups with high and low rates,
studying these differences in relation to differences in ways
of living; and, where possible, testing these notions in the
actual practice among populations.’’

In summary, these seven points include prominent
current concepts in epidemiology. These include attention
to epidemiological transitions, clinical epidemiology and
clinical practice, broad public health concerns, and a focus
on etiology.

The groundbreaking nature of Uses of Epidemiology has
been discussed from a variety of perspectives (7–11).
What is clear from the seven ‘‘uses’’ is that, at this early stage
of conceptualization, some visionary epidemiologists saw
epidemiology’s potential for across-the-board contributions
to medicine and public health. For example, in this view the
workings of health services are a legitimate target for epide-
miological investigation. This had not generally been the
case prior to Jerry’s intervention. In recent years, a partici-
pant at a 1952 conference on research requirements for
health and medical care, at which Jerry was the keynote
speaker, reported that this viewpoint represented a landmark
in the history of health services research in the United
States (12). For Jerry, epidemiology included study of the
current and predicted disease burden of populations, the
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FIGURE 1. Number of published articles on physical activity,
fitness, and cardiovascular diseased1950 through 2009. Web of
Science search terms: ‘‘physical activity or physical fitness and
cardiovascular disease or coronary heart disease’’. Number of arti-
cles in each time interval: 142; 493; 1,083; 2,939; 33,932; and
74,162 respectively.

Blair et al. AEP Vol. 20, No. 9
TRIBUTE TO PROFESSOR JEREMIAH MORRIS September 2010: 651–660
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Χρόνια
Blair et al., AEP. (2010)

142 493 1083 2939

33932

74162
Έτος έκδοσης: 1961

«Υποκινητική Νόσος»

(Σύνδρομο Θανάτου Καθιστικής Ζωής)

Η Άσκηση ως Μέσο Πρόληψης – Σύντομη Ιστορική Αναδρομή

Kraus και Raab

• Καρδιαγγειακές Παθήσεις (έμφραγμα στεφανιαίων, αθηροσκλήρυνση, 
αρτηριοσκλήρυνση, υπέρταση, περιφερειακή αγγειακή νόσος)

• Οσφυαλγία
• Οστεοπόρωση
• Διαβήτης τύπου ΙΙ
• Παχυσαρκία
• Κάποια είδη καρκίνου (ορθό, στήθος, πρωκτό, προστάτη)
• Ψυχικές παθήσεις (κατάθλιψη, άγχος)

Lees and Booth, Can. J. Appl. Physiol. (2004)

Sedentary Death Syndrome

o «Επιτάχυνση» γήρανσης
o ↓ Ποιότητα ζώης



Άσκηση & Θνησιμότητα – Περιγραφικά Επιδημιολογικά Δεδομένα

Multivariate analyses also demonstrated improved survival in elite vs high performers (adjusted
HR, 0.77; 95% CI, 0.63-0.95; P = .02). By sex, a nonstatistically significant improved survival in elite
vs high performers was present in both men and women (men: adjusted HR, 0.81; 95% CI, 0.64-1.03;
P = .09; women: adjusted HR, 0.65; 95% CI, 0.41-1.02; P = .06) (Figure 3). When analyzed by age
group, the difference in survival between elite and high performers was only maintained in older
patients. There was a statistically significant reduction in mortality between elite and high
performers 70 years or older (adjusted HR, 0.71; 95% CI, 0.52-0.98; P = .04). In younger age groups,
there was no difference in survival between elite and high performers.

Further multivariate regression was performed in the following clinical subgroups: known CAD,
diabetes, hypertension, and hyperlipidemia. In all comorbid subgroups, all-cause mortality was
inversely proportional to CRF and lowest in elite performers (eFigure 7 in the Supplement). In
patients with hypertension, elite performers had a significant reduction in risk-adjusted all-cause
mortality compared with high performers (adjusted HR, 0.70; 95% CI, 0.50-0.99; P = .05). In all

Figure 2. Risk-Adjusted All-Cause Mortality
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Adjusted hazard ratios (HRs) for all-cause mortality compared with low performers in all
patients (A) and by sex (B) (P values are for comparisons with low performers). C,
Adjusted HRs for comorbidities and between performance groups. Error bars indicate

95% CIs. Performance group classifications by cardiorespiratory fitness are defined in
Table 2. CAD indicates coronary artery disease; and ESRD, end-stage renal disease.
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Association of Cardiorespiratory Fitness With Long-term Mortality
Among Adults Undergoing Exercise Treadmill Testing
Kyle Mandsager, MD; Serge Harb, MD; Paul Cremer, MD; Dermot Phelan, MD, PhD; Steven E. Nissen, MD; Wael Jaber, MD

Abstract

IMPORTANCE Adverse cardiovascular findings associated with habitual vigorous exercise have
raised new questions regarding the benefits of exercise and fitness.

OBJECTIVE To assess the association of all-cause mortality and cardiorespiratory fitness in patients
undergoing exercise treadmill testing.

DESIGN, SETTING, AND PARTICIPANTS This retrospective cohort study enrolled patients at a
tertiary care academic medical center from January 1, 1991, to December 31, 2014, with a median
follow-up of 8.4 years. Data analysis was performed from April 19 to July 17, 2018. Consecutive adult
patients referred for symptom-limited exercise treadmill testing were stratified by age- and
sex-matched cardiorespiratory fitness into performance groups: low (<25th percentile), below
average (25th-49th percentile), above average (50th-74th percentile), high (75th-97.6th percentile),
and elite (!97.7th percentile).

EXPOSURES Cardiorespiratory fitness, as quantified by peak estimated metabolic equivalents on
treadmill testing.

MAIN OUTCOMES AND MEASURES All-cause mortality.

RESULTS The study population included 122 007 patients (mean [SD] age, 53.4 [12.6] years; 72 173
[59.2%] male). Death occurred in 13 637 patients during 1.1 million person-years of observation. Risk-
adjusted all-cause mortality was inversely proportional to cardiorespiratory fitness and was lowest
in elite performers (elite vs low: adjusted hazard ratio [HR], 0.20; 95% CI, 0.16-0.24; P < .001; elite vs
high: adjusted HR, 0.77; 95% CI, 0.63-0.95; P = .02). The increase in all-cause mortality associated
with reduced cardiorespiratory fitness (low vs elite: adjusted HR, 5.04; 95% CI, 4.10-6.20; P < .001;
below average vs above average: adjusted HR, 1.41; 95% CI, 1.34-1.49; P < .001) was comparable to or
greater than traditional clinical risk factors (coronary artery disease: adjusted HR, 1.29; 95% CI, 1.24-
1.35; P < .001; smoking: adjusted HR, 1.41; 95% CI, 1.36-1.46; P < .001; diabetes: adjusted HR, 1.40;
95% CI, 1.34-1.46; P < .001). In subgroup analysis, the benefit of elite over high performance was
present in patients 70 years or older (adjusted HR, 0.71; 95% CI, 0.52-0.98; P = .04) and patients
with hypertension (adjusted HR, 0.70; 95% CI, 0.50-0.99; P = .05). Extreme cardiorespiratory
fitness (!2 SDs above the mean for age and sex) was associated with the lowest risk-adjusted
all-cause mortality compared with all other performance groups.

CONCLUSIONS AND RELEVANCE Cardiorespiratory fitness is inversely associated with long-term
mortality with no observed upper limit of benefit. Extremely high aerobic fitness was associated with
the greatest survival and was associated with benefit in older patients and those with hypertension.

(continued)

Key Points
Question What is the association
between cardiorespiratory fitness and
long-term mortality?

Findings In this cohort study of 122 007
consecutive patients undergoing
exercise treadmill testing,
cardiorespiratory fitness was inversely
associated with all-cause mortality
without an observed upper limit of
benefit. Extreme cardiorespiratory
fitness (!2 SDs above the mean for age
and sex) was associated with the lowest
risk-adjusted all-cause mortality
compared with all other
performance groups.

Meaning Cardiorespiratory fitness is a
modifiable indicator of long-term
mortality, and health care professionals
should encourage patients to achieve
and maintain high levels of fitness.
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Cardiorespiratory Fitness and Mortality
Risk Across the Spectra of Age, Race,
and Sex
Peter Kokkinos, PHD,a,b,c Charles Faselis, MD,a,c Immanuel Babu Henry Samuel, PHD,d,e Andreas Pittaras, MD,a,c

Michael Doumas, MD,a,f Rayelynn Murphy, MS,a Michael S. Heimall, BS,a Xuemei Sui, PHD,g Jiajia Zhang, PHD,h

Jonathan Myers, PHDi,j

ABSTRACT

BACKGROUND Cardiorespiratory fitness (CRF) is inversely associated with all-cause mortality. However, the associa-

tion of CRF and mortality risk for different races, women, and elderly individuals has not been fully assessed.

OBJECTIVES The aim of this study was to evaluate the association of CRF and mortality risk across the spectra of age,

race, and sex.

METHODS A total of 750,302 U.S. veterans aged 30 to 95 years (mean age 61.3 ! 9.8 years) were studied, including

septuagenarians (n ¼ 110,637), octogenarians (n ¼ 26,989), African Americans (n ¼ 142,798), Hispanics (n ¼ 35,197),

Native Americans (n ¼ 16,050), and women (n ¼ 45,232). Age- and sex-specific CRF categories (quintiles and 98th

percentile) were established objectively on the basis of peak METs achieved during a standardized exercise treadmill test.

Multivariable Cox models were used to estimate HRs and 95% CIs for mortality across the CRF categories.

RESULTS During follow-up (median 10.2 years, 7,803,861 person-years of observation), 174,807 subjects died, aver-

aging 22.4 events per 1,000 person-years. The adjusted association of CRF and mortality risk was inverse and graded

across the age spectrum, sex, and race. The lowest mortality risk was observed at approximately 14.0 METs for men (HR:

0.24; 95% CI: 0.23-0.25) and women (HR: 0.23; 95% CI: 0.17-0.29), with no evidence of an increase in risk with
extremely high CRF. The risk for least fit individuals (20th percentile) was 4-fold higher (HR: 4.09; 95% CI: 3.90-4.20)

compared with extremely fit individuals.

CONCLUSIONS The association of CRF and mortality risk across the age spectrum (including septuagenarians and

octogenarians), men, women, and all races was inverse, independent, and graded. No increased risk was observed with

extreme fitness. Being unfit carried a greater risk than any of the cardiac risk factors examined.

(J Am Coll Cardiol 2022;80:598–609) © 2022 by the American College of Cardiology Foundation.

E pidemiologic evidence strongly supports an
inverse and independent association between
all-cause mortality and cardiorespiratory

fitness (CRF), assessed objectively using a standard-
ized exercise treadmill test (ETT) and expressed in

METs.1-7 Compared with least fit individuals (<5.0
METs), lower risk is most evident and proportionally
greater in those with moderate exercise capacity,
often in the order of 5 to 7 METs. Relatively smaller
declines in risk continue with further increases in
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Abstract We investigated the association between
specific types of physical activity and the risk of type 2

diabetes in a systematic review and meta-analysis of pub-

lished studies. PubMed, Embase and Ovid databases were
searched for prospective studies and randomized trials up

to 2nd of March 2015. Summary relative risks (RRs) were

calculated using a random effects model. Eighty-one
studies were included. The summary RRs for high versus

low activity were 0.65 (95 % CI 0.59–0.71, I2 = 18 %,

n = 14) for total physical activity, 0.74 (95 % CI
0.70–0.79, I2 = 84 %, n = 55) for leisure-time activity,

0.61 (95 % CI 0.51–0.74, I2 = 73 %, n = 8) for vigorous

activity, 0.68 (95 % CI 0.52–0.90, I2 = 93 %, n = 5) for
moderate activity, 0.66 (95 % CI 0.47–0.94, I2 = 47 %,

n = 4) for low intensity activity, and 0.85 (95 % CI

0.79–0.91, I2 = 0 %, n = 7) for walking. Inverse associ-
ations were also observed for increasing activity over time,

resistance exercise, occupational activity and for car-
diorespiratory fitness. Nonlinear relations were observed

for leisure-time activity, vigorous activity, walking and

resistance exercise (pnonlinearity\ 0.0001 for all), with
steeper reductions in type 2 diabetes risk at low activity

levels than high activity levels. This meta-analysis provides

strong evidence for an inverse association between physi-
cal activity and risk of type 2 diabetes, which may partly be

mediated by reduced adiposity. All subtypes of physical

activity appear to be beneficial. Reductions in risk are
observed up to 5–7 h of leisure-time, vigorous or low

intensity physical activity per week, but further reductions

cannot be excluded beyond this range.

Keywords Physical activity ! Sports ! Exercise !
Walking ! Type 2 diabetes ! Systematic review !
Meta-analysis

Introduction

The prevalence of type 2 diabetes is increasing rapidly
around the world parallel to the increase in obesity,

reduction in physical activity and dietary changes. In 2011,
an estimated 366 million people had diabetes (most of

which is type 2) and that number is projected to increase to

552 million by 2030 [1].
Many studies have investigated the association between

physical activity and risk of type 2 diabetes [2–88], and

most studies reported an inverse association between the
two [2–13, 16–18, 20, 21, 23, 24, 26–32, 34–36, 38–51,

53–63, 65–79, 87], with only a few studies finding no

association [15, 22, 25, 33, 37, 64]. However, it is not clear
whether specific types of activity are more effective in

reducing risk than others. Although most studies have

Electronic supplementary material The online version of this
article (doi:10.1007/s10654-015-0056-z) contains supplementary
material, which is available to authorized users.
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Four studies [21, 24, 29, 42] were included in the dose–

response analysis of kcal of energy expenditure per week

from leisure-time activity and the summary RR was 0.87
(95 % CI 0.79–0.95, I2 = 43 %, pheterogeneity = 0.15) per

1000 kcal per week increase in energy expenditure (Sup-

plemental Figure S4a). Although the test for nonlinearity
was significant, pnonlinearity\ 0.0001, for the association

between kcal per week of leisure-time activity and type 2

diabetes, the association appeared to be approximately
linear across most of the range of activity (Supplemental

Figure S4b, Supplemental Table S7). An analysis of two

studies which reported on leisure-time activity and risk of
type 2 diabetes in subjects with cardiovascular disease

[69, 70] yielded a summary RR of 0.66 (95 % CI 0.54–0.79)

for the highest versus the lowest level of activity.

Change in physical activity

Five cohort studies [5, 26, 63, 72, 73] and two randomized
trials [86, 87] including 2711 cases and 93,371 participants

were included in the analysis of change in physical activity

and risk of type 2 diabetes. The summary RR was 0.91
(95 % CI 0.46–1.83, I2 = 76.3 %, pheterogeneity = 0.002)

for five studies [26, 63, 72, 73, 86] where participants

reduced their level of physical activity, 0.64 (95 % CI
0.54–0.76, I2 = 0 %, pheterogeneity = 0.64) for seven studies

A

B
Leisure-time physical activity and type 2 diabetes, nonlinear dose-
response analysis, MET-hours/week
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Fig. 4 Leisure-time physical activity and type 2 diabetes, linear and nonlinear dose–response analyses (MET-hours per week and hours per
week)
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Associations of each behavior and brain structural measures
A nonlinear association model was utilized to explore which brain
structures showed significant associations with sleep duration,
LTPA and SB. For note, the results of associations with brain
volume were much more significant than that of DTI micro-
structures. Hence, the more rigorous Bonferroni correction was
performed instead of FDR in the analysis of brain volume in order
to highlight the most important brain regions. The cortical
volumes demonstrating the most significant nonlinear associa-
tions with sleep were the lateral orbitofrontal cortex, insula, medial
orbitofrontal cortex, and precentral cortex (Fig. 4A). Subcortical
regions nonlinearly associated with sleep included the hippocam-
pus and thalamus. LTPA was mostly highly associated with cortical
volumes in the middle temporal gyrus, medial orbitofrontal cortex,
and inferior parietal cortex (Fig. 4C). Subcortical regions showed
significant associations with LTPA in the pallidum, thalamus, and
hippocampus. SB showed most significant associations with
cortical volumes in insula gyrus, middle temporal gyrus, and
inferior parietal cortex (Fig. 4E). Subcortical regions demonstrating
significant associations with SB were the pallidum, thalamus, and
caudate (Bonferroni corrected across regions, p-value < 0.01;
Supplementary Tables 19, 20). These cortical and subcortical
regions including the middle temporal gyrus and hippocampus
have been reported as having a close association with dementia in
previous studies [31].
To further explore optimal sleep duration, LTPA and SB for brain

structures, mean cortical and subcortical grey volume were
utilized. The results demonstrated that sleep duration of around
7 h, LTPA above 1000 MET-min/week, and lower exposure to
sedentary behavior is associated with larger cortical and
subcortical grey matter volumes (Fig. 4B, D, F), which is consistent
with the result of the Cox model for incident dementia (Fig. 1).
Additionally, the only white matter tract fractional anisotropy that
showed significant association with all these three behaviors was
the posterior thalamic radiation (FDR corrected p-value < 0.05;
Fig. 4G), with an association with vascular dementia reported in a
previous study [32]. In addition, both sleep and SB showed

significant association with the medial lemniscus (Supplementary
Table 21). Results of white matter tract weighted-mean diffusivity
were presented in Supplementary Table 22.

DISCUSSION
In this study of 431,924 UKB participants, we found sleep duration,
PA, and SB were the independently and jointly associated with
dementia risks. To our knowledge, this is the first investigation
examining the joint effects of sleep, PA, and SB with incident
dementia. Additionally, each behavior of interest was associated
with the volume of brain regions including middle temporal gyrus,
orbitofrontal cortex, and hippocampus, which were implicated in
the neuropathology of dementia.
In the present study, the recommended optimal sleep duration

was 7 h/day, with longer or shorter sleep duration being
associated with a higher risk of dementia. The more sleep
deviates from 7 h/day, the higher the risk of dementia. The
U-shaped relationship between sleep and dementia is consistent
with many previous studies [2, 33]. However, we did not find a
difference in the risk of dementia between the low sleep group
and the high sleep group. It should be mentioned that the HR
value of low sleep group was higher than the high group when
compared with the moderate group in Model 1, while it yielded
the opposite in Model 2. This difference is due to the exclusion of
missing samples of education and APOE ε4 status in Model 2, but
we kept them in Model 1. When we excluded these samples, the
results of Model 1 were consistent with Model 2: the HR value of
low sleep group (HR [95% CI]= 1.20 [1.08–1.32], p= 0.0005) was
lower than that of high sleep group (1.22 [1.12–1.33], p= 9.01 ×
10−6) when compared to the moderate group. Although some
studies have questioned reverse casualty [5, 21], we observed a
significant association even in a long follow-up subgroup, which is
consistent with other long follow-up studies [34–36]. Sleep might
contribute to dementia by influencing amyloid metabolism [37],
increasing the risk of cerebrovascular disease (Supplementary
Fig. 5), or inducing neuroinflammation [38]. A better

Fig. 1 The independent associations between exposures and incident dementia using a restricted cubic spline regression model.
Restricted cubic spline models fitted for Cox proportional hazards models with three knots. Dashed vertical lines represent the category
thresholds of each exposure as described in the Methods. Results were adjusted for age, sex, education, and APOE ε4 status. CI confidence
interval, HR hazard ratio, MET metabolic equivalent of task.
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ABSTRACT
Objectives To investigate associations between daily 
physical activity, activity intensity and step counts with 
incident cancer risk.
Methods Prospective analysis of UK Biobank 
participants who wore wrist- based accelerometers for 
7 days, followed for cancer incidence (mean follow- up 
5.8 years, SD 1.3). Time- series machine- learning models 
derived total physical activity, sedentary behaviour (SB), 
light- intensity physical activity (LIPA), moderate- vigorous- 
intensity physical activity (MVPA) and step counts. The 
outcome was a composite of 13 cancers previously 
associated with low physical activity in questionnaire- 
based studies. Cox proportional hazard models estimated 
HRs and 95% CIs, adjusted for demographic, health and 
lifestyle factors. We also explored associations of LIPA, 
MVPA and SB with cancer risk.
Results Among 85 394 participants (median age 63 
(IQR 56–68)), 2633 were diagnosed with cancer during 
follow- up. Compared with individuals in the lowest 
quintile of total physical activity (<21.6 milligravity 
units), those in the highest (34.3+) had a 26% lower 
cancer risk (HR=0.74 (95% CI 0.65 to 0.84)). After 
mutual adjustment, LIPA (HR=0.94 (95% CI 0.90 to 
0.98)) and MVPA (HR=0.87 (95% CI 0.79 to 0.94)) 
were associated with lower risk, but SB was not. Similar 
associations were observed for substituting 1 hour/
day of SB with LIPA or MVPA. Daily step counts were 
inversely associated with cancer, with the dose- response 
beginning to plateau at around 9 000 steps/day 
(HR=0.89 (95% CI 0.83 to 0.96) 7000 vs 5000 steps; 
HR=0.84 (95% CI 0.76 to 0.93) 9000 vs 5000 steps). 
There was no significant association between stepping 
intensity (peak 30- minute cadence) and cancer after 
adjusting for step count.
Conclusion Total physical activity, LIPA, MVPA and step 
counts were inversely associated with incident cancer.

INTRODUCTION
Epidemiological data suggest that over half of all 
new cancers in high- income countries could be 
avoided by modifying lifestyle factors, including 
addressing physical inactivity.1 2 Physical activity 
(PA) has been inversely associated with the risk of 
various cancers, including bladder, breast, colon, 
endometrial, oesophageal adenocarcinoma, renal 
and gastric cancer.3–5 However, an understanding 
of the associations between different types and 
intensities of PA and cancer remains incomplete.

Many studies rely on self- reported questionnaires, 
which primarily focus on moderate- vigorous- 
intensity physical activity (MVPA) during leisure 
time.6 7 Additionally, most individuals spend the 
majority of their waking day in sedentary behaviour 
(SB) or engaging in light- intensity physical activity 
(LIPA), such as casual walking, household chores 
and shopping.8–10 Therefore, there is a growing 
interest in understanding whether LIPA or MVPA 
may also be associated with a lower cancer risk.

Wearable accelerometers measure total daily 
activity, including SB, LIPA and MVPA, across home, 
work, transportation and leisure.11 These devices 
often track steps, an indicator of daily ambulatory 
activity that is accessible to most individuals.12 
Consequently, global PA guideline committees have 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Studies using self- reported questionnaires 
have found that physical activity is inversely 
associated with the risk of several cancers.

 ⇒ Studies using accelerometer- measured physical 
activity have focused mainly on associations 
with vigorous physical activity, with few 
investigating associations between lower- 
intensity activities and sedentary behaviour 
with cancer risk.

WHAT THIS STUDY ADDS
 ⇒ Using data from a prospective cohort, we found 
that light and moderate- vigorous- intensity 
physical activity was inversely associated with 
incident cancer risk, while sedentary behaviour 
was not uniquely associated with cancer risk.

 ⇒ Higher daily step counts were associated with a 
lower cancer risk, with the dose- response curve 
beginning to plateau at around 9000 steps/day 
(HR=0.89, (95% CI 0.83 to 0.96) 7000 vs 5000 
steps; HR=0.84 (95% CI 0.76 to 0.93) 9000 vs 
5000 steps).

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ These findings suggest that physical activity 
and stepping at light or moderate- vigorous 
intensities may lower the risk of certain cancers, 
which could inform future activity guidelines, 
but further studies are necessary to understand 
associations with site- specific cancer risks.
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highlighted the need for more prospective studies using acceler-
ometers to describe the dose–response relationships between PA 
and incident cancer.3–5 13 14

We used data from a large prospective cohort to describe rela-
tionships between daily PA, activity intensity and step counts 
with incident cancer risk using a composite outcome of 13 
cancer sites previously associated with low PA in studies of self- 
reported leisure- time activity.6

METHODS
Study population
The UK Biobank is a prospective cohort study that enrolled 
502 536 adults in England, Scotland and Wales between 2006 
and 2010.15 16 At baseline, participants completed a touchscreen 
questionnaire, provided anthropometric and biological data and 
consented for linkage to medical records.15 16 Between 2013 
and 2015, 106 053 participants with valid email addresses were 
invited to join an accelerometer substudy.10 Participants received 
an Axivity AX3 wrist- worn accelerometer by mail and were 
instructed to wear it on their non- dominant wrist for 7 days.10

Accelerometer data processing
Accelerometer data from 103 712 participants were processed 
using methods recommended for use in the UK Biobank (‘acceler-
ometer’, V.7.1.0).11 The mean daily vector magnitude, expressed 
in milligravity (mg) units, was averaged across days to derive 
total PA, reflecting the intensity and duration of activity over 
24 hours.16 This wrist accelerometer metric has been externally 

validated against the doubly labelled water method, a gold stan-
dard for measuring energy expenditure.11 17

Proportions of daily time in sleep, SB, LIPA and MVPA were 
calculated using random forest and hidden Markov model 
machine- learning methods.10 These models were trained using 
wearable cameras and time- use diaries recorded in free- living 
conditions.10 These methods classify free- living sleep, SB, LIPA 
and MVPA with a mean accuracy of 88% (95% CI 87% to 89%) 
and Cohen’s kappa 0.80 (95% CI 0.79 to 0.82) compared with 
a labelled dataset using wearable cameras and time- use diaries.10

Stepping was derived using a hybrid self- supervised learning 
model trained on ground truth free- living stepping data (‘step-
count’, V.3.1.1), which had a 12.5% mean average percent error 
(inferred steps vs camera- counted steps).18 Step counts were 
reported as the median number of steps over valid days. Cadence 
metrics serve as a proxy for ambulatory intensity.19 Across days 
with at least 30 minutes of walking, peak 30- minute cadence was 
calculated by averaging the 30 highest 1- minute daily cadences, 
representing peak activity levels, although these minutes may not 
be consecutive.18 20

Missing time due to non- wear was imputed by averaging 
the behaviour in the corresponding times across valid days.10 
Processing details are in online supplemental tables 1,2.

Outcome ascertainment
The outcome was the first diagnosis of a composite of 13 cancer 
sites previously associated with low PA (bladder, breast, colon, 
endometrial, oesophageal adenocarcinoma, gastric cardia, head 

Figure 1 Association of mean total physical activity (milligravity units) by quintiles and physical- activity- related cancer risk in UK Biobank 
participants. HRs and 95% CIs were estimated using Cox proportional hazards regression models for quintiles of the mean total physical activity. 
The CIs were estimated with the floated absolute risk. The composite outcome of physical- activity- related cancer included 13 site- specific cancers 
(oesophageal adenocarcinoma, liver, lung, kidney, gastric cardia, endometrial, myeloid leukaemia, myeloma, colon, head and neck, rectal, bladder and 
breast). Models used attained age as the underlying time variable and were adjusted for ethnicity, smoking status, alcohol consumption, deprivation, 
education, self- rated health, fruit and vegetable consumption, and red and processed meat consumption. The overall model was adjusted for sex. The 
female models were further adjusted for the use of oral contraception, use of hormone replacement therapy and parity. The shading on the lower axis 
represents sample clustering in the main analytical sample. The HR is above and the number of events is below each data point. The overall model 
was based on 2633 events in 85 394 participants. The male model was based on 882 events in 37 472 participants, and the female model was based 
on 1751 events in 47 922 participants.
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Sleep, physical activity, sedentary behavior, and risk of incident
dementia: a prospective cohort study of 431,924 UK Biobank
participants
Shu-Yi Huang1,11, Yu-Zhu Li2,3,11, Ya-Ru Zhang1,11, Yu-Yuan Huang1, Bang-Sheng Wu1, Wei Zhang2,3, Yue-Ting Deng1, Shi-Dong Chen1,
Xiao-Yu He1, Shu-Fen Chen1, Qiang Dong 1, Can Zhang 4, Ren-Jie Chen5, John Suckling 6, Edmund T. Rolls 2,7,8,
Jian-Feng Feng2,3, Wei Cheng 2,3,9,10✉ and Jin-Tai Yu 1,2✉

© The Author(s), under exclusive licence to Springer Nature Limited 2022

Although sleep, physical activity and sedentary behavior have been found to be associated with dementia risk, findings are
inconsistent and their joint relationship remains unclear. This study aimed to investigate independent and joint associations of
these three modifiable behaviors with dementia risks. A total of 431,924 participants (median follow-up 9.0 years) without dementia
from UK Biobank were included. Multiple Cox regressions were used to estimate adjusted hazard ratios (HRs) and 95% confidence
intervals (CIs). Models fitted with restricted cubic spline were conducted to test for linear and nonlinear shapes of each association.
Sleep duration, leisure-time physical activity (LTPA), and screen-based sedentary behavior individually associated with dementia
risks in different non-linear patterns. Sleep duration associated with dementia in a U-shape with a nadir at 7 h/day. LTPA revealed a
curvilinear relationship with dementia in diminishing tendency, while sedentary behavior revealed a J-shaped relationship. The
dementia risk was 17% lower in the high LTPA group (HR[95%CI]: 0.83[0.76–0.91]) and 22% higher in the high sedentary behavior
group (1.22[1.10–1.35]) compared to the corresponding low-level group, respectively. A combination of seven-hour/day sleep,
moderate-to-high LTPA, and low-to-moderate sedentary behavior showed the lowest dementia risk (0.59[0.50–0.69]) compared to
the referent group (longer or shorter sleep/low LTPA/high sedentary behavior). Notably, each behavior was non-linearly associated
with brain structures in a pattern similar to its association with dementia, suggesting they may affect dementia risk by affecting
brain structures. Our findings highlight the potential to change these three daily behaviors individually and simultaneously to
reduce the risk of dementia.

Molecular Psychiatry (2022) 27:4343–4354; https://doi.org/10.1038/s41380-022-01655-y

INTRODUCTION
The increasing number of people with dementia and the lack of
effective treatment highlight the urgency of a better under-
standing of modifiable risk factors, which might account for one
quarter to one third of the population’s risk for dementia [1].
Emerging evidence have found that sleep, physical activity (PA),
and sedentary behavior (SB) are three of modifiable daily
behaviors in association with the risk of dementia. Each of them
has been suggested to be related to dementia risk or cognitive
performance [2–4]. Nevertheless, findings of these associations
have been inconsistent [5–9], possibly due to insufficient length of
follow-up, limited statistical power resulting from insufficient
sample size, or neglecting possible nonlinear relationships.

Additionally, the synergistic effects of sleep, PA, and SB have
been examined in fields other than dementia [10, 11]. For
instance, participating in moderate-to-vigorous PA has been
reported as ameliorating the health risks of high SB or poor sleep
[12–14]. However, to our knowledge, no reported studies have
discussed the joint effects of the three main components of daily
behaviors on the risk of all-cause dementia in large cohorts.
It is well-established that brain atrophy assessed by structural

magnetic resonance imaging is a valid marker of neurodegenera-
tion [15]. Sleep deprivation and lack of PA is likely to exacerbate
brain atrophy, and even influence neurogenesis and cell
proliferation in hippocampus [16, 17], and thus may be one of
the mechanisms affecting dementia risks. However, current
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• Το μοντέλο των διδύμων

Άσκηση & Χρόνιες Παθήσεις – Επιδημιολογικά Δεδομένα

Carlsson, Am J Epidemiol. (2007)

5240 Ζευγάρια Μονοζυγωτικών Διδύμων

Τα αδέρφια που συμμετείχαν πιο τακτικά σε φυσικές δραστηριότητες: 

§ ↓ 20% Κίνδυνος Θνησιμότητας Ανεξαρτήτου Αιτίας

§ ↓ 32% Κίνδυνος Θνησιμότητας λόγω Καρδιαγγειακής Πάθησης



Άσκηση & Χρόνιες Παθήσεις – Περιγραφικά Επιδημιολογικά Δεδομένα

Το σύνολο των Περιγραφικών Επιδημιολογικών Μελετών δείχνουν:

q Υψηλή αντίστροφη συσχέτιση μεταξύ φυσικής κατάστασης και υγείας (νοσηρότητα, θνησιμότητα)
§ Υψηλότερη η φυσική κατάσταση, μικρότερη η συχνότητα προβλημάτων υγείας

Τριχόπουλος και Λάγιου (2011)

Οι επιδημιολογικές μελέτες, εξ ορισμού, μελετούν τους παράγοντες που διαμορφώνουν 
τη συχνότητα ενός φαινομένου, και συχνά έχουν αιτιολογική υπόσταση. 

Οι επιδημιολογικές μελέτες αποτελούν τη βάση της προληπτικής ιατρικής. 

Άρα έχει στοχαστικό (πιθανολογικό) και όχι αυστηρά προσδιοριστικό (υποχρεωτικό) χαρακτήρα.

Η αιτιολογική σχέση στην επιδημιολογία ορίζεται ώς «η σχέση μεταξύ ενός παράγοντα (π.χ. φυσική δραστηριότητα)
και ενός νοσήματος, κατά την οποία η προσθήκη, η απομάκρυνση, ή η μεταβολή της έντασης ή της συχνότητας έκθεσης
στον παράγοντα ακολουθείται από μεταβολή της συχνότητας ή της πιθανότητας του νοσήματος» .

Έλλειψη Άσκησης & Υγεία – Πειραματικά Δεδομένα

• Παρατεταμένη Οριζόντια Κατάκλιση (bedrest)
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35 ημέρες Κατάκλισης

Kounalakis et al., Exp Phys. (2021)

Αερόβια Ικανότητα
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• Παρατεταμένη Οριζόντια Κατάκλιση (bedrest)

Eur J Appl Physiol (2007) 99:283–289 287

123

Berg et al. 1997). Although the present deterioration in
muscle function, in terms of isometric strength, was
similar in knee and hip extensors, muscle atrophy was
less pronounced in the hip than in the knee extensors.
We have no explanation for this discrepancy between
the relative decrements in strength and mass, and there
are no previous studies that have compared the rela-
tion between muscle mass and force in the hip or along
the extremity. In a small sample of astronauts, we
found similar atrophy in knee and hip muscles (Tesch
et al. 2005).

In a previous 6-week bedrest study, we have shown
that muscle atrophy varies within the thigh, such that
knee extensors atrophied more than Xexors, while hip
adductors, which are also accessory hip extensors,
showed intermediate response (Berg 1996; Berg et al.
1997). We concluded that the adaptation to unweigh-
ting of each muscle group shows a hierarchy in relation
to their importance for weightbearing. Those and other
studies, however, did not include the gluteal hip mus-
cles. The load induced by body weight, is probably not
only related to the biomechanical function of individ-
ual muscles, but should also consider the number of
carried body segments. It is well known that upper
extremity muscles, which carry a marginal gravitational
load, show less adaptation than lower limb muscles
after unloaded inactivity (Leblanc et al. 1992). Conse-
quently, it might be speculated that postural muscle
adaptation of the lower extremity would increase grad-
ually towards the feet, where the ankle-plantar Xexors
balance the full body weight, and hip extensors the
trunk, head and upper extremities only. A direct com-
parison of our data along the whole limb, including the
hip, seems to support this notion (see Fig. 1). When
compiling data from several studies (cf. Adams et al.
2003; Akima et al. 1997; Alkner and Tesch 2004), there
actually seems to be a slightly greater atrophy of calf
compared to thigh muscles after bedrest, although no
previous reports on hip muscles are available.

The measured gluteal hip muscle group however
comprises one primary hip extensor (m. gluteus maxi-
mus) and two smaller primary hip abductors, which are
also accessory hip extensors (m. gluteus medius et min-
imus). It is equivocal how these hip muscle CSA
changes should be valued versus thigh and calf CSA
and their more aVected weight-bearing muscle groups
(see Fig. 1). Even though subjects were prohibited to
perform muscle exercise in bed, it is possible that the
transitions from bed to stretcher for showering and
passive physiotherapy during bedrest may have coun-
teracted hip abductor atrophy.

The small decrease in hip muscle area is still compel-
ling. Reference literature for methodological errors of

tomographic hip muscle CSA assessment is lacking,
but we have found no obvious pitfalls when applying
the highly accurate CT method (CV < 2%; cf. Berg
1996) to the hip. The gluteal muscles (hip extensors
and abductors) are in fact large, exceeding both calf or
knee extensor CSA, and there were no major diYcul-
ties to circumscribe the selected muscles in the image
slice. Moreover, the bony landmarks of the pelvis are
easily identiWed and we therefore feel convinced that
the anatomical slice level for each limb and test session
was maintained, and also we found no tendency for a
pelvic tilt that could potentially alter muscle length and
projected muscle CSA. Since variation of CSA mea-
surement was similar for all sites along the limb, more-
over, we feel conWdent with our measured values.

Fluid shifts after transition from standing to supine
prior to tomographic muscle size assessment might
indeed alter the measured CSA by several per cent
(Berg et al. 1993a), and it might be speculated that
such methodological errors have contributed to the
remarkable changes in muscle CSA occasionally
reported within the Wrst weeks of bedrest or space-
Xight. We used 2 h of supine rest prior to all CSA mea-
surements. Because the proximal thigh muscles show
less and more rapidly leveled Xuid shift compared to
the more distal calf (Berg et al. 1993a), it seems
unlikely that gluteal hip muscle size was substantially
altered by postural Xuid shifts.

A reduction in bone density (RD) of the proximal
tibia was observed after bedrest, and this change pre-
vailed even after the recovery period. Our results thus
demonstrate that a decreased RD, indicating bone
mineral loss, can be shown already after 5 weeks of
unloaded bedrest using the CT technique. In contrast
to changes observed in muscle mass and strength, the
bone loss did not recover after 5 weeks of regained
weight-bearing including exercise training. These

Fig. 1 Mean values of relative (%) change in cross-section area
(CSA) of the thigh and calf muscle groups, and of the gluteal hip
muscles, the knee extensors (KE) and the ankle-plantar Xexors
(APF). Values are means (SD); n = 10
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35 ημέρες Κατάκλισης

% Μείωση Επιφάνειας Εγκάρσιας Διατομής του Μυός

Μυϊκές & Οστικές Μεταβολές

Berg et al., EJAP. (2007)
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• Παρατεταμένη Οριζόντια Κατάκλιση (bedrest)

5 ημέρες Κατάκλισης

Μεταβολικές Αλλαγές

Hamburg et al., Arterioscler Thromb Vasc Biol. (2007)

(area under the curve) increased by 67% after bed rest
compared with baseline (P!0.001 by RM-ANOVA). There
was also a 6% increase in the net glucose response (P"0.03
by RM-ANOVA).

Physical Inactivity and Microvascular
Vasodilator Function
Figure 2 displays the effect of bed rest on peak hyperemia
flow in the arm measured by Doppler ultrasound. As shown,
peak hyperemic response was lower on Day 3 (1,078#268
mL/min, P"0.009 versus baseline) and Day 5 (1113#261
mL/min, P"0.02 versus baseline) of bed rest as compared
with the baseline active state (1317#404 mL/min, P"0.01
for overall RM-ANOVA).

Figure 3 displays the effect of bed rest on the total
hyperemic response in the leg measured by venous occlusion

plethysmography. As shown, there was a 29% decrease in
total hyperemic response of the leg (P!0.05 by RM-
ANOVA). Compared with the active state, peak hyperemic
response in the leg also decreased significantly after bed rest
(28.5#7.0 mL/min/dL versus 22.2#8.7 mL/min/dL,
P"0.003).

There were no significant correlations between the bed
rest-induced change in reactive hyperemic in the arm and leg
and changes in HOMA-IR, ISI0,120, or the insulin response to
glucose loading.

As shown in Table 2, there was no significant change in
either baseline flow or baseline flow velocity in the brachial
artery during bed rest. Baseline flow decreased in the leg after
bed rest as measured by plethysmography (2.4#0.9
mL/min/dL versus 3.1#1.2 mL/min/dL in the active state,
P"0.02).

Table 1. Effects of Physical Inactivity on Metabolic Parameters

Baseline Day 1 Inactive Day 5 P Value

Weight, kg 70.4#11.4 69.9#11.2 0.09

Total cholesterol, mg/dL 147#24 159#25 0.001

LDL cholesterol, mg/dL 83#24 90#24 0.07

HDL cholesterol, mg/dL 51#12 50#11 0.38

Triglycerides, mg/dL 69#21 93#30 0.001

Glucose, mg/dL 84.7#7.0 87.8#6.1 0.02

Insulin, !IU/mL 4.7#4.1 6.9#5.4 0.01

HOMA-IR 1.0#0.9 1.5#1.4 0.004

ISI0,120, mg*L2/mmol*mIU*min 32#7 28#5 0.008

Data are presented as mean#SD.

Figure 1. The effect of bed rest on the insulin (top) and glucose
(bottom) response to an oral glucose load in 20 healthy sub-
jects. Bed rest was associated with an increase in the insulin
response (P!0.001) and the glucose response (P"0.03), reflect-
ing the development of insulin resistance. Data are mean#SE.

Figure 2. Reactive hyperemia measured by Doppler ultrasound
was blunted with bed rest in the upper extremity (P!0.01 for
ANOVA, *P!0.05, n"19). Data are mean#SEM.

Figure 3. Reactive hyperemia in the lower extremity assessed
using venous occlusion plethysmography at baseline and after
bed rest (A) or normal activity (B). Bed rest impaired peak and
net hyperemic response (*P!0.01 and P!0.05 respectively,
n"10). In active control subjects, there were no differences in
peak or net hyperemic response (P"NS, n"9).
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Energy balance

The estimated energy balance was negative in all three 
campaigns (NBR: �177 ± 334 kcal day�1; HAMB: 
�255 ± 266 kcal day�1; HBR: �244 ± 341 kcal day�1) 
and did not differ between the campaigns (P = 0.51). 
The estimated average PAL values were higher in the 
HAMB (1.3 ± 0.1) than in the NBR (1.1 ± 0.2) and HBR 
(1.1 ± 0.2; P < 0.05).

Perceived appetite ratings

No main effect of time or campaign was noted in perceived 
ratings of hunger (P = 0.82), fullness (P = 0.13) or PFC 

(P = 0.24) during and between the NBR, HAMB and HBR 
campaigns. Also, no significant interaction was noted for 
these variables (P = 0.27).

Correlations and statistical power

No significant correlations were observed between the 
Pre values and Pre to Post changes in whole body mass 
(r = 0.12, P = 0.24), FFM (r = 0.20, P = 0.13) or fat 
mass (r = 0.06, P = 0.36) when data were pooled for all 
campaigns. If the data were analyzed for each campaign 
separately, significant correlations between the Pre values 
and Pre to Post changes were only observed in whole body 
mass (r = 0.62, P < 0.05) and FFM (r = 0.61, P < 0.05) 
during the NBR. No correlations between the individual 
normalized protein intakes and Pre to Post changes in FFM 
were noted in either campaign (NBR: r = 0.17, P = 0.31; 
HAMB: r = �0.28, P = 0.19; HBR: r = �0.23, P = 0.24).

For parameters with significant main effects or interac-
tions, ANOVA revealed the following observed statisti-
cal analysis power: 0.96 for HR (campaign effect), 1.0 for 
SpO2 (time � campaign effect), 0.97 for LLS (time effect), 
0.68 for urinary output (time effect), 0.90 for water bal-
ance (time effect), 0.97 for body mass (time effect), 0.83 
for FFM (time effect) and 0.86 for V̇E (time � campaign 
effect).

Discussion

This study aimed to discern the effects of a 3-week expo-
sure to unloading and hypoxia on body mass, body com-
position and water balance. Contrary to our initial hypoth-
esis, hypoxia did not additively reduce body weight or alter 
body composition following 21 days of unloading. Neither 
did hypoxia alter resting energy expenditure or blunt par-
ticipants’ appetite sensations. Water balance was unaltered 
when unloading was complemented by hypoxia. Interest-
ingly, reductions in body mass following hypoxic ambu-
latory confinement were similar to those observed after 
both bed rest confinements. Potential explanations for this 
observation include insufficient energy intakes secondary 
to appetite reduction, low activity levels and/or effects of 
confinement per se.

Body composition modulation under hypoxia and bed rest

Both unloading (LeBlanc et al. 2000; Tesch et al. 2005) 
and hypoxia (Westerterp-Plantenga et al. 1999; Tschop and 
Morrison 2001) can alter body mass and composition. In 
the present study the participants’ body mass was signifi-
cantly reduced following all three experimental campaigns 
with similar temporal changes. Thus, no specific effects of 

Fig. 4  Individual and group values of a body mass, b whole body fat 
free mass, and c whole body fat mass, before (Pre), immediately after 
(Post) and 14 days after (Rec) the normoxic bed rest (NBR), hypoxic 
ambulatory confinement (HAMB) and hypoxic bed rest (HBR) cam-
paigns (mean ± SD). Significant effects (P < 0.05): a main effect 
time. Significant post hoc differences: *(P < 0.01) vs. Pre
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Debevec et al., EJAP. (2014)
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• Αποφόρτωση των κάτω άκρων  (hindlimb unloading)
EFFECTS OF LOWER LIMB UNLOADING 1883 

FTG. 1. Unilateral lower limb unloading model, 

vent involuntary weight bearing and to permit a relaxed 
position of the unloaded limb and thus limit muscle acti- 
vation. 

Protocol. Subjects were assigned to unload either the 
right or the left lower limb for 4 wk. The harness was 
used during all locomotor activity by having the subjects 
use crutches. To limit muscle activation of the unloaded 
limb, detailed prescriptions for daily indoor activities, in- 
cluding personal hygiene, to avoid any weight bearing 
were given. During sleep and in the seated position the 
harness was not worn, and there 
hip, knee, or ankle joint mobility. 

was no restriction in 

Strength measurements. Familiarization to the equip- 
ment was attained through a full session of measure- 
ments 4 days before the intervention ( Pre 1 L and torque 
was measured according to the protoco 1 (see below )+ Mea- 
surements were performed the day before (Pre 2) and the 
day after (Post I) cessation of unloading and after 4 days 
(Post 2) and after 7 wk (Ret) of uncontrolled weight- 
bearing recovery. Peak torque (PT) and angle-specific 
torque (AST) at 0.79 rad of knee flexion were measured 
during maximal unilateral concentric or eccentric quadri- 
ceps actions using a dynamometer providing accommo- 
dated resistance (27). Concentric (CON) and eccentric 
(ECC) muscle actions were initiated in the range 1.57- 
2.09 and 0.09-0.35 rad of knee flexion, respectively. PT 
and AST at various angular velocities (0.52, 1.57, and 
2.62 rad/s or 3O,90, and 15O”/s) were subsequently mea- 
sured (see Ref. 27). 

Computerized tomography (CT). Bilateral CT scans 
(Toshiba TCT 600) were obtained at midthigh (220 mm 

below the proximal aspect of the femoral head) the day 
before the strength testing sessions (Pre 2, Post 1, and 
Ret). The scanner positioning system was used to retain 
the anatomic level for the repeated scans. Scans were 
obtained after I h of supine rest to minimize potential 
changes in muscle or fat CSA due to short-term trans- 
capillary fluid shifts (17). Slice thickness and scanning 
time were 10 mm and 3 s, respectively, for the 120-kV 
300-mAs X-ray beam used. 

Radiological density (RD) for muscle tissue, expressed 
in Hounsfield units (see Ref. E), was determined in the 
deep posterolateral region of the musculus vastus later- 
alis (Fig. 2). Because RD for lean muscle, fat, and con- 
nective tissue and water is different, a change in RD of 
mixed muscle thus implies a change in the content of one 
or more of these constituents (4, 12). 

Bone, muscle plus bone, and total thigh CSA were as- 
sessed by computerized planimetry. A trackerball was 
used to manually circumscribe the areas for instanta- 
neous computations. Subcutaneous fat and muscle CSA 
were thereafter calculated. The subjects examined were 
very lean. Therefore, individual muscle bellies were not 
readily discerned. To evaluate variability between two 
investigators, 24 radiographs were double examined for 
area estimations as described above. The interindividual 
difference for single observations between the two never 
exceeded 2%. 

Anthropometry. Body fat (BF) percent was estimated 
from repeated skinfold measurements (biceps, subscapu- 
lar, suprailiac, and triceps) using the caliper tech- 
nique (8). 

Statistics. PT and AST comparisons were made 
through analysis of variance using randomized block fac- 
torial design (19). The paired t test was used for all other 
comparisons. Statistical significance was accepted at 
P < 0.05. 

RESULTS 

No changes (P > 0.05) in body weight, BF percent, or 
the sum of skinfolds in response to unloading could be 
demonstrated. An increase (6.6 t O.S%, P < 0.05) in su- 
prailiac skinfold was, however, shown after the unload- 
ing period. 

Muscle CSA for the unloaded limb decreased (P < 

. Righ 

Ant I 

FIG. 2. Schematic drawing showing anatomic site (striated area) for 
assessment of radiological density. VL, m. vastus lateralis; Ant, ante- 
rior; Lat, lateral. 
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vigorous-intensity physical activities are extremely low (44),
and that some 60% or more of these adults’ waking hours are
spent sedentary (29).

Sedentary Behavior During Adults’ Waking Hours
To illustrate the overall patterns of activity in adults’ daily

lives, Figure 1 shows a cluster heat map (50). This is a graphic
representation from Genevieve Healy, showing accelerome-
ter data for one individual during 1 wk, in the manner origi-
nally presented by Foulis et al. (15). The values taken by the
accelerometer counts within each minute are represented
as colors in the two-dimensional map. The dark blue shading
shows accelerometer counts that are less than the currently
used, but still debated, cutoff of 100 counts per min for sed-
entary time, and which are taken to be indicative predom-
inantly of sitting (a caveat, however, is that some of the
minutes shown as sedentary will include standing quite still).
The pale blue through yellow colorings indicate light-intensity
to moderate-intensity physical activities. The yellow through
red colorings indicate moderate- to vigorous-intensity phys-
ical activity. From an energy expenditure perspective, the
dark blue translates to very low levels of energy expenditure,
with the red reflecting high energy expenditure levels. What
is striking in Figure 1 is the extent to which this person
spends his or her time either in light-intensity activities (pale
blue to white) and being sedentary (dark blue). Although we
would not contend that this is a totally precise and unam-
biguous representation of sitting time and light-, moderate-,
and vigorous-intensity activities, it nevertheless is an infor-
mative perspective.
Figure 1 illustrates one of our key messages about the role of

sedentary time in the physical activity and health equation:
it is possible to achieve a level of activity consistent with the
public health guidelines for health-related physical activity

(30 min of moderate-intensity physical activity on most days
of the week) but to spend most of waking hours involved
in sedentary behaviors. In this case, we see that the accumu-
lated moderate- to vigorous-intensity physical activity time is
31 min; however, this person spends 71% of his or her waking
hours in sedentary time. Thus, it is possible for individuals
to be physically active, yet highly sedentary V the Active
Couch Potato phenomenon identified in the AusDiab TV
time studies (24).

The main scientific caveat for this perspective is that
these data show ‘‘activity,’’ which we infer is reflective of
‘‘behavior.’’ However, there are scientific devils in the details
of these objective movement data. Debate remains about
what are the most appropriate activity count cut points to
identify sedentary and light-intensity activity time; also, dif-
ferent cut points may be appropriate for adults of different
ages, race/ethnicity, and adiposity status.

Objectively Assessed Sedentary Time: Key Studies
As well as demonstrating remarkably low levels of physical

activity and high levels of sedentary time within contem-
porary human environments (29,44), objective measures also
have demonstrated the adverse impact of prolonged sedentary
time on cardiometabolic biomarkers of risk. At least three
studies in Europe and Australia have examined the associa-
tions of objectively measured sedentary time with continuous
cardiometabolic biomarkers: the ProActive trial conducted
in the United Kingdom (UK), the European RISC study, and
the AusDiab study (2,13,14,23,25). For those in the UK
ProActive trial (258 participants aged 30Y50 yr with a family
history of type 2 diabetes), sedentary time was detrimentally
associated with insulin in the cross-sectional analysis (14) but
was of borderline statistical significance (P = 0.07) in the 1-yr
prospective analysis (13). Detrimental cross-sectional associ-
ations of sedentary time with insulin also were observed in
participants of the European RISC study (801 healthy par-
ticipants aged 30Y60 yr), although the associations were
attenuated after adjustment for total activity (2). In the
AusDiab accelerometer study sample (169 participants aged
30Y87 yr, general population), we observed detrimental as-
sociations of sedentary time with waist circumference, trigly-
ceride levels, and 2-h plasma glucose (22,24). It is important
to point out that the participants in all of these studies were
primarily white adults of European descent (2,13,14,22,24).
A key next step for this research is to examine whether
the associations are consistent across different racial/ethnic
groups, which is becoming feasible with the public availability
of large multiethnic population-based data sets, particularly
NHANES (29,44).

Objectively Assessed Sedentary Behavior:
AusDiab Findings

We used accelerometers to assess sedentary time in a sub-
sample of the AusDiab study participants. Sedentary time was
defined as accelerometer counts less than 100 per minute
(previously described) and was associated with a larger waist
circumference and more adverse 2-h plasma glucose and tri-
glyceride profiles, as well as a clustered metabolic risk score
(22,24). The associations of sedentary time with these bio-
markers (with the exception of triglyceride levels) remained

Figure 1. Being physically active, but also highly sedentary: 1 wk of
accelerometer count data showing, on average, 31 minIdj1 moderate- to
vigorous-intensity activity time (91951 counts per minute) and 71% of
waking hours sedentary (G100 counts per minute).
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the diary data were excluded from the
analysis (b ! "1.07 [95% CI "1.86 to
"0.28] P ! 0.008). Additionally, al-

though attenuated, the direction of the ef-
fect remained the same when only those
with 7 days of complete data were ana-
lyzed (n ! 139), with nonstandardized
regression coefficients of 0.17 (P !
0.088), "0.14 (P ! 0.162), and "0.42
(P ! 0.271) for sedentary time, light-
intensity activity, and moderate- to vigor-
ous-intensity activity, respectively. A
similar pattern was also observed when a
more generalized measure of obesity,
BMI, was included in the models instead
of waist circumference, with nonstand-
ardized regression coefficients of 0.31
(P ! 0.001), "0.27 (0.006), and "1.09
(0.002) for the three intensity levels (sed-
entary time, light, and moderate to vigor-
ous, respectively). Similarly, when the
data were reanalyzed for full-time work-
ers only (n ! 95), the nonstandardized
regression coefficients were 0.32 (P !
0.018), "0.28 (P ! 0.064), and "1.09
(P ! 0.014) for sedentary time, light-
intensity activity, and moderate- to vigor-
ous-intensity activity, respectively.

For FPG, Table 3 shows that the only
significant association observed was with
sedentary time, adjusted for age, sex, and
time accelerometer worn. However, the
association became nonsignificant follow-
ing further adjustment for potential con-
founders, including waist circumference.
There were no statistically significant sex
or age interactions observed for the asso-
ciations between the physical activity
measures and blood glucose (P # 0.1).

CONCLUSIONS — Previous research
in this study population has reported signif-
icant dose-response associations of seden-
tary behavior (television viewing time) and
moderate-to-vigorous physical activity
with 2-h plasma glucose, but not FPG,
using self-report measures (6,8). Our
study extends these findings and is the
first to examine the associations of objec-
tively measured intensity of physical ac-
tivity and sedentary time with blood
glucose measures in adults. Following ad-
justment for potential confounders, in-
cluding waist circumference, significant
dose-response associations of sedentary
time and moderate- to vigorous-intensity
physical activity were observed with 2-h
plasma glucose, but not FPG, with the
magnitude of the associations greater than
that previously reported (6,8,23). Given
that the characteristics of our sample are
similar to the participant characteristics of
the overall AusDiab sample, these results
increase our confidence in earlier findings

that were based on self-reported physical
activity and sedentary behavior (6,8,18).

A major finding of this study is the
significant association of light-intensity
physical activity with 2-h plasma glucose,
independent of moderate- to vigorous-
intensity physical activity time. Light-
intensity physical activities are reported
to be the most prevalent form of activity in
the general North-American population;
however, this intensity level is particu-
larly difficult to detect and assess (9).
Consequently, there is limited epidemio-
logical evidence on the association be-
tween light-intensity physical activity and
health outcomes (13,14). The majority of
participants in our study had normal glu-
cose tolerance and, therefore, would be
considered to have a lower risk for hyper-
glycemia-induced complications com-
pared with those with impaired glucose
tolerance. However, a recent meta-
analysis of 38 prospective studies re-
ported a continuous linear association
between increasing 2-h plasma glucose
and risk of all-cause and cardiovascular
disease mortality, with no apparent risk
threshold (4). Thus, even apparently
small shifts in 2-h plasma glucose may
have important clinical implications.

On average, participants spent only a
small proportion of waking hours in mod-
erate- to vigorous-intensity activity (4%).
Most activity during waking hours can thus
be categorized broadly into two distinct
modes: light-intensity physical activity and
sedentary time. Those who spend more
time in light-intensity activity must there-
fore spend less time in sedentary behaviors.
The beneficial association of light-intensity
physical activity with 2-h plasma glucose, as
opposed to the detrimental association of
sedentary time with 2-h plasma glucose, has
important implications for lifestyle inter-
ventions. Although moderate- to vigorous-
intensity physical activity is an important
component of the healthy lifestyle message,
practically, intervention studies that target
reducing sedentary behavior by the substi-
tution of light-intensity activities may have a
higher success rate, particularly given that
more than one-half of the population fails to
participate in adequate amounts of physical
activity to benefit their health (6). Light-
intensity physical activity interventions may
also be more likely to succeed across a vari-
ety of settings, including the workplace.

The only significant association ob-
served for FPG was for sedentary time,
unadjusted for waist circumference. This
concurs with previous population-based
research using self-reported television

Figure 1—Associations of 2-h plasma glucose
with quartiles of percentage of waking hours
spent in sedentary time (A), light-intensity ac-
tivity (B), and moderate- to vigorous-intensity
activity (C). A: The cut points for men were
51.19, 58.44, and 64.05; for women, they were
51.05, 55.55, and 62.85. B: The cut points for
men were 19.26, 22.65, and 26.27; for women,
they were 20.19, 24.47, and 27.54. C: The cut
points for men were 2.94, 5.03, and 6.96; for
women, they were 1.90, 2.91, and 4.72. Mar-
ginal means (95% CI) were adjusted for age,
sex, height, waist circumference, family history
of diabetes, alcohol intake, education level, in-
come, smoking status, accelerometer unit, and
percent moderate- to vigorous-intensity activ-
ity (sedentary and light intensity) or percent
sedentary (moderate to vigorous intensity).
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especially when prescribing exercise to 
promote overall health and to prevent or 
treat different diseases. 

Because walking is the most 
fundamental form of human physical 
activity, there has long been a focus 
on the effects of varying doses of step 
counts (steps taken per day) on health 
outcomes8. Ever since the development 
of a commercial pedometer in mid-1960s 
Japan, named the Manpo-kei (“Ten-
thousand step meter”) for marketing 
reasons, 10,000 steps per day has been 
a commonly adopted benchmark for 
health-enhancing daily physical activity9. 
As one might expect, epidemiological 
studies of the relationship between steps 
per day and health outcomes yield diverse 
evidence regarding the benefi ts of this 
prescription, with minimum step counts 
linked to benefi cial health outcomes 
ranging from 4,000 to 12,000 steps per 
day10–12. Thus, while a common step count 
threshold is desirable, variation among 
epidemiological studies suggests that 
optimal physical activity doses for health 
benefi ts are more complex and may not 
lend themselves to a single value.

Evolutionary perspectives can 
complement epidemiological evidence on 
the dose–response relationship between 
step counts and health outcomes in 
several ways. Most importantly, data on 
step counts in people living subsistence 
lifestyles, including hunter-gatherers 
and subsistence farmers, provide 
information on walking volumes in less 
industrialized small-scale societies. 
These data combined with step counts 
from chimpanzees and other apes help 
form the basis for reconstructing how 
step counts changed over the course 
of human evolution (what some have 
termed the ‘Physical Activity Transition’13), 
which included nearly two million years 
of hunting and gathering. We can then 
reconstruct how selection potentially 
operated not just on human abilities 
and proclivities to be physically active, 
but also on the physiological responses 
to walking and other forms of physical 
activity that infl uence morbidity and 
mortality. The goals of this essay are to 
better characterize the shift from ape-
like to human-like daily step counts, to 
assess how much this dose has declined 
recently in high-income countries, and 
to consider how selection may have 
acted on responses to these different 
volume doses of steps per day that affect 
morbidity and mortality. 

Travel distance and step counts in 
non-human apes
Compared to what we know about 
humans, measures of physical activity 
among non-human apes are poorly 
characterized because of the challenges 
of measuring volume or intensity 
in fi eld settings. Previous work has 
generally assessed the physical activity 
levels of non-human apes based on 
distance traveled per day3,14,15, or energy 
expenditure16 . While most research 
has compared physical activity in 
chimpanzees, our closest living relatives, 
there has been less focus on other 
non-human apes. Another challenge 
is comparing physical activity levels 
in human and non-human apes using 
measurements that can be placed into 
the context of modern human health 
and disease. Because studies based 
on self-reported walking17 are not well 
correlated with objective measures 
of daily walking distances18, the best 
human data come from wearable sensors 

that measure step counts, but the only 
available data for wild apes are daily 
travel distances. Additionally, because of 
differences in limb length and step length, 
distance traveled per day cannot be 
directly compared between non-human 
apes and humans. Here, we estimate 
daily step counts in non-human apes 
by combining observed travel distances 
with measured hindlimb step lengths 
from biomechanical studies. Travel 
distances are generally measured by 
following a focal individual and noting 
locations using either a map or GPS 
at regularly scheduled intervals (e.g. 
every 5 minutes14,19). Use of estimated 
step counts in non-human apes allows 
for more of an ‘apples-to-apples’ 
comparison with human epidemiolocal 
datasets and, since the cost of walking is 
primarily a function of muscle force used 
to accelerate, decelerate, and stabilize 
the body during each step20, step counts 
are a reasonable proxy for the cost of 
physical activity. 
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Figure 1. Step counts in non-human great apes, humans living in small-scale societies, and 
humans living in more industrialized societies. 
Non-human ape step counts are calculated from the data in Table S1 (see Supplemental informa-
tion); see text for human data. The inset at top left shows phylogenetic relationships among the 
great apes to provide evolutionary context for the physical activity comparisons. The data show 
that humans engage in higher levels of physical activity as measured by step counts compared to 
other apes, and that humans living in industrialized societies have much lower step counts than 
humans living a foraging or subsistence farming lifestyle.
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few generations ago and is still ongoing 
in some parts of the world. Because of 
recent technological innovations, daily 
step counts along with travel distances 
in nations like the US have declined in an 
evolutionary blink of an eye by 3–4-fold to 
ape-like levels of approximately 3–5 km/
day and 5,000 steps/day. 

Abundant evidence suggests that 
low levels of physical activity are an 
evolutionary mismatch, allowing us to 
ask: what are the potential health effects 
of evolutionary and recent declines in 
physical activity volume on mortality rates 
as well as the risk of major chronic non-
communicable diseases? To address 
this question, we place representative 
step counts from non-human apes, 
hunter-gatherers, subsistence farmers, 
and humans from more industrialized 
societies into the context of recent 
epidemiological studies. While patterns 
of physical activity accumulation differ 
across species and populations (e.g. 
long bouts versus shorter bursts), recent 
studies suggest that total activity is most 
strongly associated with disease risk42, so 
we focus on total steps per day here. 

First, we take advantage of the largest 
analysis of step counts and mortality 
risk to date43 which included 15 studies 
totaling 47,471 participants, and 297,837 
person-years of follow-up (median steps/
day = 6,495 steps/day43). While these 
authors found a signifi cant effect of age 
on the relationship between step counts 

and mortality risk, leading them to stratify 
analyses, we use their results from the 
total sample because ape step counts 
are not estimated by age (Figure 2A). 
Based on this study’s reference value 
of 3,500 steps/day (hazard ratio (HR) 
for mortality = 1.00), chimpanzee-like 
average step counts of ~4,000 steps/day 
show a 10% reduced mortality risk (HR 
~0.90); however, this reduction relative 
to 3,500 steps/day is small compared to 
average human step counts from Althoff 
et al.30 (HR ~0.75), and especially when 
compared with step counts in human 
hunter-gatherer women (HR ~0.50) and 
men (HR <0.40; male Hadza step counts 
fall outside of the maximum estimates 
from the meta-analysis). Although bonobo 
step counts are similar to those of the 
global average for human adults, there is 
an even more drastic reduction in mortality 
risk for human-like step counts compared 
to those of orangutans and gorillas (Figure 
2A). As with any epidemiological study, 
Althoff et al.30 could not rule out reverse 
causality in their fi ndings; however, they 
did exclude deaths within two years of the 
start of follow-up in sensitivity analyses, 
strengthening their fi ndings that link step 
counts and mortality risk.

Although the left panel of Figure 2 
averages data from numerous cohorts, 
individual studies indicate some variation 
in both linearity of the relationship 
between steps per day and mortality risk, 
and number of steps per day that begin 

to show an attenuation of benefi ts. For 
example, Dwyer et al.44 found a linear 
association between steps per day 
and mortality risk in a cohort of ~2,500 
Australian adults, such that benefi ts 
continue to increase with increasing step 
counts. In studies that show non-linear 
associations between steps per day and 
mortality risk, benefi ts were diminished 
after reaching step counts of 8,000–9,000 
steps/day in Norwegian adults (mean 
age = 5245), greater than 9,000 steps/day 
in 71-year-old Japanese adults46, and 
~7,500 steps/day in older women in the 
US (mean age = 7210). In addition, step 
count values associated with the greatest 
risk reductions vary across the lifespan, 
with older adults reaching their greatest 
risk reductions at lower step count 
values than younger adults10,43. Even with 
these age-associated differences, the 
risks of mortality are 2–3-fold greater at 
most levels of ape-like physical activity 
compared with those at levels of physical 
activity associated with more active, 
non-industrial human populations who 
presumably have step counts that are 
typical of most humans until recent times. 

Although many studies focus on 
mortality as a primary outcome, 
healthspan — defi ned as years lived 
without chronic disease and disability 
— is important from an evolutionary 
perspective because healthspan largely 
determined lifespan in the absence of 
modern medical care3. We therefore 
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Figure 2. Ape-like step counts and chronic disease risk in humans. 
(Left) Hazard ratios (HR) for all-cause mortality and (right) relative risks (RR) for incident cardiovascular disease (CVD) at step counts across a range 
of lifestyles. Black lines are HRs or RRs and black dashed lines are 95% confi dence intervals. Blue lines are step counts for orangutans (A), gorillas 
(B), and average chimpanzee day ranges (C), and bonobos (E). Red lines correspond to step counts for average humans in industrialized societies 
from a worldwide sample30 (D), and women (F) and men (G) from a population of Hadza hunter-gatherers from northern Tanzania.
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Thijssen et al., EJAP, (2010)

post-injury, while the FMD responses demonstrated large

changes between 4 and 6 weeks after the lesion (de Groot

et al. 2006b). In parallel, during bed rest and limb sus-
pension, the change in diameter dimension occurred

predominantly in the initial phase, while femoral artery

endothelial function showed a gradual change over time
(Bleeker et al. 2005a; Bleeker et al. 2005b). Future studies

that utilize more frequent functional and structural mea-

surements within the same vascular bed during decondi-
tioning will provide greater insight into the time-course of

structural and functional adaptation in resistance and con-

duit vessels.

Local versus systemic adaptations to physical inactivity

Experimental models in which the whole body is subject to

physical inactivity, for example spaceflight or bed rest, are

associated with vascular changes throughout the body
(Bleeker et al. 2005b; Bonnin et al. 2001; Louisy et al.

1997; Zhang 2001). It must be borne in mind, however, that

inactivity is also associated with changes in systemic car-
diovascular parameters (Hamburg et al. 2007). In contrast,

models which utilise localized physical inactivity, for

example ULLS and cast immobilisation, are associated
with vascular adaptations specific to the immobilized

region or limb only (Bleeker et al. 2005a, b; Sugawara

et al. 2004), in the absence of change in systemic cardio-
vascular risk factors. SCI subjects demonstrate marked

vascular adaptations in the inactive, paralyzed legs (de
Groot et al. 2004; Stoner et al. 2006), while upper

extremity vascular function and structure are comparable

with able-bodied controls (de Groot et al. 2004, 2005;

Hopman et al. 2002; Stoner et al. 2006). This raises one

final consideration, pertinent to the models of inactivity

used in humans. Using ULLS or a cast to immobilize one
limb forces volunteers to use crutches for locomotion.

Whether, on balance, this leads to a training effect in the

‘‘unaffected’’ weight-bearing limb, or a small decondi-
tioning because of the global reduction in levels of physical

activity, is unknown. Similarly, it is likely that a different

level of activity is present in the upper extremities of SCI
individuals after the lesion. The dependence on the upper

limbs for locomotion may theoretically result in SCI sub-

jects exhibiting vascular adaptations, compared with able-
bodied controls, yet studies consistently indicate that non-

immobilized areas do not demonstrate enhanced vascular

function or structure (Bleeker et al. 2005a; de Groot et al.
2004; Stoner et al. 2006; Thijssen et al. 2005). Taken

together, available evidence indicates that physical inac-

tivity appears to lead to localized vascular adaptations in
the affected inactive regions only.

Physical inactivity, vascular adaptations
and cardiovascular risk

As mentioned in the introduction, the impact of physical
inactivity on traditional risk factors may not adequately

explain the increased cardiovascular mortality associated

with deconditioning, particularly in SCI subjects. It is
therefore feasible that direct effects of inactivity on vas-

cular structure and function, rather than the indirect effects
of traditional risk factors, may explain the increased car-

diovascular risk associated with a sedentary life style.

However, current data, discussed above, suggests that

Fig. 2 Hypothesised changes in artery function and structure
(remodelling) in response to inactivity and exercise training in
humans. Studies performed in both animals and humans suggest that
rapid changes occur in artery function, including nitric oxide (NO)
bioavailability, in response to exercise training and that these changes
are superseded by arterial remodelling and normalisation of function.

Physical inactivity is associated with rapid changes in arterial
diameter, with structural remodelling occurring within weeks of, for
example, spinal cord injury. There is little evidence for longer term
vascular dysfunction in response to inactivity. Changes in artery
function and structure occur rapidly in response to activity and
inactivity

Eur J Appl Physiol (2010) 108:845–875 851
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Φυσική Δραστηριότητα

ΣΥΧΝΟΤΗΤΑ ΔΙΑΡΚΕΙΑ ΕΝΤΑΣΗ ΕΙΔΟΣ

Σύμφωνα με το Αμερικανικό Κολλέγιο Αθλητιατρικής:

ü ≥30 λεπτά μέτριας έντασης, 5 φορές/εβδομάδα

• ή 20 λεπτά έντονης άσκησης, 3 φορές/εβδομάδα, συνεχή ή διαλειμματική (σετ διάρκειας ≥10 λεπτά)

• ή συνδυασμός μέτριας & έντονης άσκησης.

ü Μέτριας (ΜΕΤs 3-6) ή έντονης αερόβιας (ΜΕΤs 6-9) άσκησης.

ü Οποιαδήποτε δραστηριότητα προκαλεί αξιόλογη μεταβολή της καρδιακής συχνότητας & του αναπνευστικού ρυθμού.

Μπορεί η άσκηση να είναι «επιβλαβής» για την υγεία;
«Μυοκαρδιοπάθεια του Φειδιππίδη»

Aengevaeren et al
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Exercise and Coronary Atherosclerosis

1000

 respectively (Table S1). Many athletes (71%), however, 
performed more than one type of sport, further obscur-
ing the role of sport type. We previously observed that 
cyclists had less coronary atherosclerosis than runners, 
but did tend to have more calcified plaques, which we 
hypothesized could be attributable to differences in exer-
cise intensity or differences in skeletal stress, bone turn-
over, and calcification between the 2 activities.27 Future 
studies should examine differences in  atherosclerosis 
based on exercise intensity within the separate commu-
nities of running and cycling.

Clinical Relevance
CAC and atherosclerotic plaques are strongly associated 
with future risk of cardiovascular events in the general 
and patient populations.4,28–30 Although we and others 
have found an increased prevalence and severity of cor-
onary atherosclerosis in athletes, which was associated 
with their lifelong exercise volume, athletes have a su-
perior life expectancy compared with the general popu-

lation.31,32 This may partially be explained by beneficial 
coronary adaptations to exercise and lower risk plaque 
morphology.7 The effect of very vigorous intensity exer-
cise may mimic the effect of statins on CAC and plaque 
composition. Statins increase plaque calcification in 
some studies,33 but decrease atheroma volume and car-
diovascular risk.34 Nevertheless, individuals in the MESA 
study with CAC scores >1000 had risk for a major ad-
verse cardiovascular event of 3.4 per 100 person-years, 
similar to that of a secondary prevention population,35 
and 6% of our population had a CAC score >1000 on 
their MARC-2 evaluation. CAC scores that increase from 
<100 to >100 are associated with increased CVD mor-
tality in athletes,10 even though the absolute risk of simi-
lar CAC scores is lower with increasing physical activity10 
and cardiorespiratory fitness.36

Limitations
The strengths of our study are its longitudinal design 
and its assessment of CAC scoring and CCTA in a large 

Figure 3. Association between exercise volume and intensity and progression of CAC score and change in number of plaques.
A and B, Association with CAC score. C and D, Association with change in number of plaques. Adjusted betas from multivariable linear regression 
analyses are reported on y axes with 95% CI. Negative betas indicate less progression of CAC score, whereas positive betas indicate greater 
progression of CAC score. The models are adjusted for the following baseline confounders: age, body mass index, systolic blood pressure, use of 
antihypertensive, pack years smoked, total cholesterol, family history of coronary heart disease, use of statin, diabetes, time between computed 
tomography scans, baseline coronary artery calcification score (analyses in A and B only) and number of plaques (analyses in C and D only). The 
exercise intensity analyses are additionally adjusted for exercise volume during follow-up. CAC indicates coronary artery calcification; and MET, 
metabolic equivalent of task.
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Μέτρια Ένταση: 3-6 ΜΕΤs ώρα/εβδομάδα

Υψηλή Ένταση: 6-9 ΜΕΤs ώρα/εβδομάδα

Πολύ Υψηλή Ένταση: >9 ΜΕΤs ώρα/εβδομάδα

Υψηλό καρδιακό φορτίο → Ίνωση του μυοκαρδίου → Αρρυθμίες → Αιφνίδιος Θάνατος  

Trivax & McCullough, Clin Cardiol, (2012)



de Keijser et al, European Society of Cardiology. (2024)

Άσκηση & Χρόνιες Παθήσεις – Οφέλη & Βασικοί Μηχανισμοί Πώς Μετράμε τη Φυσική Δραστηριότητα;

Μέθοδοι Μέτρησης:

Άμεση & Έμμεση Θερμιδομετρία Ερωτηματολόγια

Διπλά Χαρακτηριζόμενο Νερό Δραστηριογράφοι

Καρδιοταχόμετρα Βηματόμετρα

Επιστημονικά Κριτήρια Αξιολόγησης Ποιότητας Μέτρησης

Εγκυρότητα
(Validity)

Ο βαθμός που ένα τέστ ή όργανο μετράει αυτό που υποτίθεται ότι μετρά.

Αξιοπιστία
(Reliability)

Η συνέπεια ή επαναληψιμότητα μιας μέτρησης.

Ευαισθησία
(Sensitivity)

Η ικανότητα ενός τεστ ή οργάνου να ανιχνεύει τις μεταβολές στην πάροδο του 
χρόνου.

Άμεση Θερμιδομετρία

Εκροή 
Νερού

Εισροή 

Νερού

Μόνωση

Θερμότητα Θερμότητα

Εκπνεόμενος

Αέρας

Καθαρός 

Αέρας

Κατανάλωση 

Οξυγόνου
HERPU, University of 

Ottawa, Canada

Μέτρηση:
Ενεργειακή Κατανάλωση

§ Ηρεμία
§ Άσκηση

Πλεονεκτήματα:
§ Υψηλή ακρίβεια
§ “Gold standard” μέθοδος

Μειονεκτήματα:
§ Τεχνικός Εξοπλισμός
§ Εξειδικευμένο Προσωπικό
§ Υψηλό Κόστος
§ Χρονοβόρα Διαδικασία



Έμμεση Θερμιδομετρία

Μέτρηση:
Ενεργειακή Κατανάλωση
Κατανάλωση Οξυγόνου

§ Ηρεμία
§ Άσκηση

Πλεονεκτήματα:
§ Υψηλή Ακρίβεια

Μειονεκτήματα:
§ Τεχνικός Εξοπλισμός
§ Εξειδικευμένο Προσωπικό
§ Υψηλό Κόστος
§ Χρονοβόρα Διαδικασία

Διπλά Χαρακτηριζόμενο Νερό

Μέτρηση:
Παραγωγή Διοξειδίου του Άνθρακα
Συνολική Ενεργειακή Κατανάλωση

§ Ηρεμία
§ Άσκηση

Πλεονεκτήματα:
§ Υψηλή Ακρίβεια

Μειονεκτήματα:
§ Τεχνικός Εξοπλισμός
§ Εξειδικευμένο Προσωπικό
§ Υψηλό Κόστος
§ Δεν παρέχει πληροφορίες για την ένταση, συχνότητα ή 

διάρκεια της φυσικής δραστηριότητας 

Ρυθμός Απέκκρισης δύο Σταθερών 
(μη ραδιενεργών) Ισότοπων:

Δευτέριο & Οξυγόνο-18

Όργανα Αυτοαναφοράς

§ Ανάκληση Πληροφορίας

§ Ημερολόγια Δραστηριότητας

§ Ερωτηματολόγια

Ερωτηματολόγια

§ Σχετικά Εύκολη Συλλογή Δεδομένων

§ Μεγάλος Αριθμός Δείγματος

§ Σύντομος Χρόνος

§ Κατάλληλα για Κάθε Πληθυσμό

§ Μικρό Κόστος

§ Αβεβαιότητα όσον αφορά στη Συχνότητα, Διάρκεια & 

Ενταση της Άσκησης

§ Ανίχνευση Όλων των Πιθανών Φυσικών Δραστηριοτήτων

§ Ικανότητα Ανάκλησης Γεγονότων;

§ Ειδικά Προβλήματα σε Ανήλικο Πληθυσμό

§ Προβλήματα Εγκυρότητας & Αξιοπιστίας

Πλεονεκτήματα Μειονεκτήματα

q Ερωτηματολόγια που συμπληρώνονται από το δοκιμαζόμενο. 

q Ερωτηματολόγια που συμπληρώνονται από τον ερευνητή.



Ερωτηματολόγιο Χρόνος Ανάκλησης Τύπος Φυσικής Δραστηριότητας (ΦΔ)

«Ερωτηματολόγιο συνήθους ΦΔ του Baecke» (Baecke et al., 1982)
Όχι

ΦΔ κατά τον ελεύθερο χρόνο,                        
ΦΔ κατά τον εργάσιμο χρόνο

«Ερωτηματολόγιο ΦΔ κατά τον εργάσιμο χρόνο Tecumseh» 
(Montoye, 1971)

12 μήνες ΦΔ κατά τον εργάσιμο χρόνο

«Ερωτηματολόγιο ΦΔ κατά τον ελεύθερο χρόνο Μινεσότα»   (Taylor 
et al., 1978)

Ένας μήνας, 12 μήνες
ΦΔ κατά τον ελεύθερο χρόνο, ΦΔ κατά την εκτέλεση καθημερινών 

δραστηριοτήτων

«Ερωτηματολόγιο ΦΔ κατά τον ελεύθερο χρόνο Godin» (Godin & 
Shephard, 1985)

Όχι ΦΔ κατά τον ελεύθερο χρόνο

«Διεθνές ερωτηματολόγιο ΦΔ» (Craig et al., 2003)
Επτά ημέρες ΦΔ κατά τον ελεύθερο χρόνο

«Ερωτηματολόγιο ανάκλησης ΦΔ επτά ημερών» (Sallis et al., 1985)
Επτά ημέρες ΦΔ κατά τον ελεύθερο χρόνο, ΦΔ κατά τον εργάσιμο χρόνο

«Ερωτηματολόγιο ΦΔ Paffenbarger» (Paffenbarger et al., 1978)
Επτά ημέρες, 12 μήνες ΦΔ κατά τον ελεύθερο χρόνο

«Ερωτηματολόγιο ΦΔ Aerobics Center Longitudinal Study» (Kohl et 
al., 1988)

Τρεις μήνες
ΦΔ κατά τον ελεύθερο χρόνο, ΦΔ κατά την εκτέλεση καθημερινών 

δραστηριοτήτων

«Ερωτηματολόγιο ΦΔ CARDIA» (Jacobs et al., 1989)

12 μήνες
ΦΔ κατά τον ελεύθερο χρόνο, ΦΔ κατά τον εργάσιμο χρόνο, ΦΔ κατά 

την εκτέλεση καθημερινών δραστηριοτήτων

Ερωτηματολόγια

7 Ερωτήσεις

Διεθνές Ερωτηματολόγιο Φυσικής Δραστηριότητας (IPAQ)

6 Ερωτήσεις:
Φυσική Δραστηριότητα

1 Ερώτηση:
Καθιστική Ζωή

Συχνότητα

Διάρκεια

Ένταση

ΜΕΤ∙min-1 ∙week-1 

Ταξινόμηση Φυσικής Δραστηριότητας

• Χαμηλή Φυσική Δραστηριότητα

Συνολική ΦΔ <600 ΜΕΤ∙min-1 ∙week-1

• Μέτρια Φυσική Δραστηριότητα
Έντονη ΦΔ ≥480 ΜΕΤ∙min-1 ∙week-1 ή
Συνολική ΦΔ >600 ΜΕΤ∙min-1 ∙week-1

• Υψηλή Φυσική Δραστηριότητα
Έντονη ΦΔ ≥1500 ΜΕΤ∙min-1 ∙week-1 ή
Συνολική ΦΔ >3000 ΜΕΤ∙min-1 ∙week-1

Διεθνές Ερωτηματολόγιο Φυσικής Δραστηριότητας (IPAQ)

G. Papathanasiou et al
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 HJC (Hellenic Journal of Cardiology) 

Papathanasiou et al., HJC, (2009)
Συστάσεις για την Επιλογή & Χρήση Ερωτηματολόγιου

§ Τι ακριβώς μετράει το ερωτηματολόγιο; Ποιά συνιστώσα της φυσικής δραστηριότητας;

§ Ποιο είναι το κύριο αποτέλεσμα του ερωτηματολόγιου; Ικανοποιεί την ερευνητική μου ερώτηση;

§ Έχει ελεγχθεί η εγκυρότητα & αξιοπιστία του;

§ Ποια είναι η ευαισθησία του ερωτηματολόγιου;

§ Για ποιο πληθυσμό έχει σχεδιαστεί το ερωτηματολόγιο;

§ Έχει πραγματοποιηθεί ο έλεγχος εγκυρότητας σε παρόμοιο πληθυσμό με τον πληθυσμό-στόχο;

§ Πώς πρέπει να χορηγηθεί το ερωτηματολόγιο;

§ Υπάρχει τυποποιημένη διαδικασία χορήγησης του ερωτηματολόγιου;

§ Πώς αναλύονται τα δεδομένα; Ποια είναι η ακραία ή μη έγκυρη απάντηση;



Βηματόμετρα (Pedometer)

§ Μετρούν βήματα, και υπολογίζουν απόσταση & καταναλούμενες θερμίδες.

§ Είναι ευκολοφόρετα και φτηνά (8-30 €).

§ Δεν μετρούν την ένταση και το είδος της φυσικής δραστηριότητας.

Πόσα Βήματα Είναι Αρκετά ημερησίως;

2000; 6000;

10000;

10000;
• ~1960, Yoshiro Hatano: πρότεινε το διπλασιασμό των μέσων ημερήσιων βημάτων

(~4000), εκτιμώντας ότι θα αυξηθεί η ενεργειακή κατανάλωση κατά ~300 kcal/day. 
ΜΗ ΕΡΕΥΝΗΤΙΚΑ ΔΕΔΟΜΕΝΑ!

万 = 10000

• ~1960, Η εταιρεία Yamasa κυκλοφορεί στην αγορά ένα βηματόμετρο με την ονομασία
“Manpo-key” = “10000 steps-meter”

Βηματόμετρα (Pedometer)

Ιστορία:

> 12500 βήματα/ημέρα: «πολύ υψηλή δραστηριότητα»

10000 - 12499 βήματα/ημέρα: «υψηλή δραστηριότητα»

7500 - 9999 βήματα/ημέρα: «μεσαία δραστηριότητα»

5000 - 7499 βήματα/ημέρα: «χαμηλή δραστηριότητα»

< 5000 βήματα/ημέρα: «καθιστική ζωή»

Tudor-Locke, Curr Cardio Risk Rep, (2010)

Βηματόμετρα (Pedometer)

Πόσα βήματα είναι αρκετά;

Ding et al, Lancet Public Health, (2025)

Βηματόμετρα (Pedometer)

Articles

e674www.thelancet.com/public-health   Vol 10   August 2025

model)25,27,30,66,67,69,71,73 with an inflection point at 5410 steps 
per day, whereas the relationship for older adults28,68,70,72,74,75 
was linear (I²=18·8%; six studies; linear model). 
Furthermore, accelerometer-based daily steps25,27,28,30,66,68,70–72,74 
showed a non-linear relationship (I²=46·8%; ten studies; 
quadratic and cubic polynomial model) with an inflection 
point of 5409 steps per day, but pedometer-based daily 
steps57,69,73,75 showed a linear relationship (I²=0%; 
four studies; linear model).

Sensitivity analyses excluding studies that did not 
receive two points on comparability71 in NOS (sensitivity 
analysis 1) and including additional studies31,43,45,50 using 
mixed effects meta-analysis (sensitivity analysis 2) 
resulted in very similar dose-response curves (appendix 
pp 101–102). Leave-one-out analysis (sensitivity analysis 4) 
suggested less flattening of the curve if one large study of 
younger adults with wrist-worn accelerometers was left 
out (appendix p 107).22

Seven studies were not included in the meta-analysis, 
all of which found an inverse association between daily 
steps and all-cause mortality (appendix pp 41–51).76–82 Of 
those, four were done in samples with a chronic 
condition, including inoperable lung cancer,76 pre-
diabetes and diabetes,77 liver disease,78 and congestive 
heart failure.80

For cardiovascular disease, 13 studies were identified 
for the systematic review.27,30,32,43,45,50,69,70,83–87 Of those, 
six were included in a meta-analysis of cardiovascular 
disease incidence27,70,83–86 and three in a separate meta-
analysis of cardiovascular disease mortality.27,30,69 We 
found an inverse non-linear dose-response association 
between steps per day and cardiovascular disease 
incidence with the inflection point at 7802 steps 
(I²=38·3%; quadratic polynomial model; figure B). 
An inverse non-linear association was observed for 
cardiovascular disease mortality with an inflection point 
at 5422 steps (I²=78·2%; quadratic and cubic polynomial 
model; figure C).

Subgroup analysis was done by age and device type for 
cardiovascular disease incidence (appendix p 99). The 
association between daily steps and cardiovascular 
disease incidence was non-linear for both younger27,85,86 
and older adults,70,83,84 but the inflection point was 
7802 steps per day (I²=0%; three studies; quadratic 
polynomial model) for younger adults and 5386 steps 
per day for older adults (I²=0%; three studies; 3-knot 
spline model). Similar to all-cause mortality, the 

Figure: The association between steps per day and health outcomes
(A) All-cause mortality. (B) Cardiovascular disease incidence. (C) Cardiovascular 

disease mortality. (D) Cancer incidence. (E) Cancer mortality. (F) Type 2 diabetes. 
(G) Dementia. (H) Depressive symptoms. (I) Falls. The dashed horizontal line at 

HR 1·0 represents the threshold at which the exposure does not increase or 
decrease the risk of the outcome relative to the reference point. The vertical line 

at 2000 steps represents the reference point. The lower bar represents the 
number of data points from studies with darker colours representing a higher 

data point clustering.
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Number of studies=14
Number of sample size=161 176

I2=36·3%
Model=quadratic and cubic

Number of studies=6
Number of sample size=111 349

I2=38·3%
Model=quadratic

Number of studies=3
Number of sample size=120 758

I2=78·2%
Model=quadratic and cubic

Number of studies=2
Number of sample size=100 505

I2=73·7%
Model=linear

Number of studies=3
Number of sample size=105 660

I2=64·5%
Model=quadratic and cubic

Number of studies=4
Number of sample size=61 594

I2=48·5%
Model=linear

Number of studies=2
Number of sample size=79 699

I2=0%
Model=cubic

Number of studies=4
Number of sample size=94 901

I2=47·5%
Model=cubic

Number of studies=3
Number of sample size=77 565

I2=36·2%
Model=linear

0 2000 4000 6000 8000 10000 12 000
Steps per day

Πόσα βήματα είναι αρκετά;

~7000?



Δραστηριογράφοι ή Επιταχυνσιόμετρα
(Accelerometers)

§ Χρησιμοποιούν πιεσο-ηλεκτρικούς μετατροπείς → counts (μετρήσεις).

§ Λειτουργούν με βάση την αρχή του Hooke περί ελατηρίων (F = kx) και 2ο νόμο κίνησης
του Newton (F = ma). Άρα, kx = ma και a = kx/m (x = μετατόπιση, k = σταθερά, m = 
μάζα). Άρα με βάση τη μετατόπιση καταγράφεται η επιτάχυνση (a).

§ Δεν καταγράφουν όλες τις κινήσεις του σώματος – εξαρτάται που έχουν τοποθετηθεί.
§ Οι δραστηριογράφοι καρπού υπερεκτιμούν τη μέτρηση σε σχέση με αυτούς της

μέσης/ποδιού

§ Σχετικά μικρό κόστος (>100 €).

Copyright @ 2010 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.

vigorous-intensity physical activities are extremely low (44),
and that some 60% or more of these adults’ waking hours are
spent sedentary (29).

Sedentary Behavior During Adults’ Waking Hours
To illustrate the overall patterns of activity in adults’ daily

lives, Figure 1 shows a cluster heat map (50). This is a graphic
representation from Genevieve Healy, showing accelerome-
ter data for one individual during 1 wk, in the manner origi-
nally presented by Foulis et al. (15). The values taken by the
accelerometer counts within each minute are represented
as colors in the two-dimensional map. The dark blue shading
shows accelerometer counts that are less than the currently
used, but still debated, cutoff of 100 counts per min for sed-
entary time, and which are taken to be indicative predom-
inantly of sitting (a caveat, however, is that some of the
minutes shown as sedentary will include standing quite still).
The pale blue through yellow colorings indicate light-intensity
to moderate-intensity physical activities. The yellow through
red colorings indicate moderate- to vigorous-intensity phys-
ical activity. From an energy expenditure perspective, the
dark blue translates to very low levels of energy expenditure,
with the red reflecting high energy expenditure levels. What
is striking in Figure 1 is the extent to which this person
spends his or her time either in light-intensity activities (pale
blue to white) and being sedentary (dark blue). Although we
would not contend that this is a totally precise and unam-
biguous representation of sitting time and light-, moderate-,
and vigorous-intensity activities, it nevertheless is an infor-
mative perspective.
Figure 1 illustrates one of our key messages about the role of

sedentary time in the physical activity and health equation:
it is possible to achieve a level of activity consistent with the
public health guidelines for health-related physical activity

(30 min of moderate-intensity physical activity on most days
of the week) but to spend most of waking hours involved
in sedentary behaviors. In this case, we see that the accumu-
lated moderate- to vigorous-intensity physical activity time is
31 min; however, this person spends 71% of his or her waking
hours in sedentary time. Thus, it is possible for individuals
to be physically active, yet highly sedentary V the Active
Couch Potato phenomenon identified in the AusDiab TV
time studies (24).

The main scientific caveat for this perspective is that
these data show ‘‘activity,’’ which we infer is reflective of
‘‘behavior.’’ However, there are scientific devils in the details
of these objective movement data. Debate remains about
what are the most appropriate activity count cut points to
identify sedentary and light-intensity activity time; also, dif-
ferent cut points may be appropriate for adults of different
ages, race/ethnicity, and adiposity status.

Objectively Assessed Sedentary Time: Key Studies
As well as demonstrating remarkably low levels of physical

activity and high levels of sedentary time within contem-
porary human environments (29,44), objective measures also
have demonstrated the adverse impact of prolonged sedentary
time on cardiometabolic biomarkers of risk. At least three
studies in Europe and Australia have examined the associa-
tions of objectively measured sedentary time with continuous
cardiometabolic biomarkers: the ProActive trial conducted
in the United Kingdom (UK), the European RISC study, and
the AusDiab study (2,13,14,23,25). For those in the UK
ProActive trial (258 participants aged 30Y50 yr with a family
history of type 2 diabetes), sedentary time was detrimentally
associated with insulin in the cross-sectional analysis (14) but
was of borderline statistical significance (P = 0.07) in the 1-yr
prospective analysis (13). Detrimental cross-sectional associ-
ations of sedentary time with insulin also were observed in
participants of the European RISC study (801 healthy par-
ticipants aged 30Y60 yr), although the associations were
attenuated after adjustment for total activity (2). In the
AusDiab accelerometer study sample (169 participants aged
30Y87 yr, general population), we observed detrimental as-
sociations of sedentary time with waist circumference, trigly-
ceride levels, and 2-h plasma glucose (22,24). It is important
to point out that the participants in all of these studies were
primarily white adults of European descent (2,13,14,22,24).
A key next step for this research is to examine whether
the associations are consistent across different racial/ethnic
groups, which is becoming feasible with the public availability
of large multiethnic population-based data sets, particularly
NHANES (29,44).

Objectively Assessed Sedentary Behavior:
AusDiab Findings

We used accelerometers to assess sedentary time in a sub-
sample of the AusDiab study participants. Sedentary time was
defined as accelerometer counts less than 100 per minute
(previously described) and was associated with a larger waist
circumference and more adverse 2-h plasma glucose and tri-
glyceride profiles, as well as a clustered metabolic risk score
(22,24). The associations of sedentary time with these bio-
markers (with the exception of triglyceride levels) remained

Figure 1. Being physically active, but also highly sedentary: 1 wk of
accelerometer count data showing, on average, 31 minIdj1 moderate- to
vigorous-intensity activity time (91951 counts per minute) and 71% of
waking hours sedentary (G100 counts per minute).
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Ένταση

Άσκησης

Καρδιοσυχνόμετρα (Heart-rate monitors)

§ Αξιόπιστος δείκτης της άσκησης, αλλά όχι της φυσικής δραστηριότητας.

§ Η σχέση καρδιακής συχνότητας και ενεργειακής κατανάλωσης δεν είναι γραμμική στην ηρεμία και κοντά στη μέγιστη
κατανάλωση οξυγόνου.

§ Η καρδιακή συχνότητα μπορεί να επηρεαστεί και από άλλους παράγοντες.

§ Σχετικά μικρό κόστος (>20 €).
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TABLE 3. Individual and average values in six subjects for oxygen uptake, pulmonary ventilation, heart rate, and blood lactate 
concentration during maximal bicycle exercise with diferent pedal frequencies (50-70 rpm) and maximal running uphill (3”) 

Pulmonary Ventilation, liters/min Heart Rate, beats/min Blood Lactate, rnM Oxygen Uptake, liters/min 

Bicycle Subj Bicycle Bicycle 
Tread- 

50rpm/ 60rpm 1 70rpm m111930 

Bicycle 

50 rpm 60 rpm 70 rpm 
-- 

17.1 18.8 18.1 
14.8 14.6 13.1 
13.1 17.2 14.2 
15.7 15.3 
12.1 11.8 10.9 
9.7 11.1 12.3 

13.8 14.7 14.0 
>0.05 >0.05 

Tread- 
mill, 3” 

Tread- 
mill, 3” 

177.2 
128.6 
149 .o 
159.3 
112.9 
126.1 

142.2 
>0.05 

70 rpm 50 rpm 60 rpm 70 rpm 

5.54 
4.46 
4.16 
4.19 
3.00 
2.82 

-l-l-l- 

172.9 
155.3 
141.2 
168.4 
104.1 
122.3 

179.7 
156.1 
146.1 

198 
191 
194 
194 
186 
194 

198 
191 
193 

198 
191 
193 
194 
187 
192 

198 
191 
193 
194 
186 
193 

192.7 
151 .o 
154.1 
164.9 
116.1 
133.6 

13.6 
15.2 
14.6 
12.6 
11.6 
10.7 

13.1 
>0.05 

5.45 
4.40 
4.09 
4.06 
2.91 
2.86 

5.60 
4.56 
4.23 

5.48 
4.75 
4.46 
4.47 
3.17 
3.33 

cs 
LM 
GL 
LH 
FL 
Ei 

Mean 
P 

114.3 
~ 124.1 

186 
194 

3.01 
2.91 

151.7 
<0.05 

P values are calculated on intraindividual differences. Comparisons are made with 50 rpm. 

somewhat higher on the bicycle compared to treadmill 
exercise at the same metabolic rates (Fig. 4). For ex- 
ample, heart rate was found to be 8, 10, 14, and 14 beats/ 
min higher on the bicycle than on the treadmill at oxygen 

rpm, respectively. The fact that there seems to be a 
“peak” for the oxygen uptake during maximal bicycle 
exercise around pedal frequencies of 60-70 rpm was most 
markedly demonstrated ifi subject C’S (Fig. 3 and Table 
3) . 

Submaximal exercise. In groups A and C submaximal 
exercise was also included. The submaximal oxygen up- 
takes were for bicycle and treadmill exercise in the same 
range as in other reports (see Fig. 1, refs. 4, 14). Heart 
rate, pulmonary ventilation, and blood lactate were 

Group c un tratncd Group A athletes 

mm 
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50 
d 
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FIG. 3. Oxygen uptake, pulmonary ventilation, and heart rate 
during maximal bicycling with different pedal frequencies (40-80 
rpm) in subject CS. For comparison the value (dashed line) for 
maximal running uphill (3”) is also included. The work load was in 
all bicycle experiments 2.700 kpm/min. 

FIG. 4. Blood lactate, pulmonary ventilation, and heart rate in 
relation to the oxygen uptake during submaximal exercise on the 
bicycle (filled symbols) and the treadmill (unfilled symbols). The 
P values calculated on intraindividual differences are <0.05 for 
heart rate and blood lactate in the untrained subjects. 
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Χρήσιμοι Ιστότοποι:

• Exercise is Medicine: 
 https://www.exerciseismedicine.org

• European Association of Preventive Cardiology:
https://www.escardio.org/Sub-specialty-

 communities/EuropeanAssociation-of-Preventive-Cardiology- (EAPC)

• American College of Sports Medicine: 
 https://www.acsm.org Ευχαριστώ πολύ 

για την προσοχή σας!

mkeram@phed.uoa.grΕπικοινωνία:


