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Abstract 

Background While regular physical activity is associated with reduced mortality and morbidity in general popula-
tions, health outcomes and functional capacity related to upholding strenuous endurance exercise beyond the age 
of 65 years are only sparsely studied. The aim of this study is to assess associations of prolonged strenuous endurance 
sport practice with ageing, functional decline, morbidity and longevity among older recreational endurance athletes, 
during long-term follow-up.

Methods Prospective cohort study of older recreational endurance athletes in Norway. All skiers aged 65 years and 
older who participated in a long-distance endurance competition, the annual 54-km Birkebeiner cross-country ski 
race in 2009 or 2010, were invited. The participants answered an extensive baseline questionnaire about lifestyle 
habits, including leisure-time physical activity and endurance sport participation, diseases, medication use and physi-
cal and mental health, with follow-up questionnaires planned every fifth year until 2029. New participants may be 
invited with the aim to increase the study size. Endpoints such as all-cause and disease-specific mortality, incidence 
and cumulative prevalence of diseases, use of medication, physical and mental health and functional decline will be 
assessed subsequently.

Out of 658 invited skiers (51 women), 551(84%) completed the baseline questionnaire and were included in the study. 
The mean age was 68.8 years (median 68, range 65- 90). At baseline, the participants had completed the Birkebeiner 
race for an average of 16.6 years and reported an average of 33.4 years of regular endurance exercise, with one out of 
five reporting at least 50 years of exercise. In all, 479 (90%) reported that they were still practicing leisure-time physi-
cal activity of moderate or vigorous intensity at least twice weekly. The prevalence of cardiovascular risk factors and 
diseases was low.

Discussion This prospective study of a cohort of recreational athletes exposed to prolonged and strenuous endur-
ance exercise, could complement population-based studies by providing data on associations between life-long 
endurance sport participation, aging, functional decline and health outcomes during long-term follow-up.
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Background
Hippocrates suggested already 400  years B.C. that peo-
ple with illness would profit from gymnastics and that 
healthy people would take advantage of exercise to main-
tain their health and well-being [1]. The role of physical 
activity (PA) and exercise in promoting healthy aging and 
preventing adverse health outcomes is not of less interest 
more than 2,000 years later [2].

While PA is often defined as any bodily movement 
resulting in energy expenditure, exercise or exercise 
training describe structured, repetitive activities that 
aim to improve or maintain physical fitness [3]. Moreo-
ver, endurance sports are performed at different levels 
of intensity, with varying demands to the cardiorespi-
ratory system. PA and exercise are performed for short 
time periods, but also over many years and as part of 
an individual’s lifestyle. Thus, both PA and exercise are 
components of a continuum of exposure, and mounting 
evidence suggests that cumulative exposure may associ-
ate with health outcomes in a dose–response manner [4]. 
Regular PA has considerable beneficial effects on survival 
and risk of developing chronic age-related diseases [4–9], 
and the mortality benefit related to PA may be larger in 
older compared to younger individuals [10]. Regular PA 
at older ages also seems to prevent cognitive and physical 
functional decline and reduce the risk of dementia [11, 
12]. Thus, PA may represent one of the most crucial com-
ponents of healthy and successful aging. Consequently, 
recently published guidelines suggest that moderate PA 
should be performed for 150–300 min/week [13, 14].

Importantly, already limited amounts of PA far below 
the current guidelines may have beneficial health effects 
compared to physical inactivity [6]. In fact, the largest 
benefit in terms of reduced mortality and morbidity is 
seen when comparing low PA to inactivity [15, 16]. With 
increasing levels of PA, the benefits may be even larger, 
with a suggested plateau occurring around 300 min per 
week [7].

However, an unknown proportion of the population 
practice regular exercise beyond moderate PA [17]. Sev-
eral studies indicate that participation in long-distance 
endurance sports competitions, such as marathon run-
ning, cycling and cross-country skiing, has increased 
over time, even among people aged 65  years and older 
[18, 19].

While the health benefits of leisure-time PA of low or 
moderate intensity are indisputable, effects on health 
outcomes related to more strenuous forms of PA, such 
as endurance exercise performed throughout years 
and decades, are less studied. A few prospective stud-
ies have reported that elite athletes have lower mortal-
ity compared to the general population [20–23]. Also, 
sports participation on recreational levels seems to be 

associated with reduced mortality [24, 25]. However, only 
a few studies have investigated how the highest levels of 
PA may associate with the risk of diseases and disabilities 
later in life, compared to less strenuous activities.

The shape of the association between prolonged and 
repeated exposure to high-intensity endurance sports 
and health outcomes remains largely unknown. While the 
association seems to be linear for some endpoints, stud-
ies have revealed an increased risk of cardiac arrhythmias 
related to vigorous and competitive endurance sport 
practice [26], suggesting a U-shaped dose–response rela-
tionship (Fig. 1).

The Copenhagen City study found the lowest cardio-
vascular and all-cause mortality among individuals who 
reported a weekly duration of sports activities of 2.6 to 
4.5  h. Those who were less active, but also individuals 
reporting more than ten weekly hours of sports activities, 
had higher mortality compared to the reference group 
[27]. Moreover, prolonged endurance sports practice 
seems to be associated with an increased risk of atrial 
fibrillation [28]. We have previously reported that cumu-
lative years of regular endurance exercise was associated 
with an increased risk of atrial fibrillation of 16% per 
decade in Norwegian middle-aged and older men [29]. 
The association is less studied in women, but rudimen-
tary reports suggest an increased risk of atrial fibrillation 
related to exposure to endurance exercise over decades 
also among female athletes [30]. Lastly, sudden cardiac 
deaths occasionally seen in both young and middle-aged 
athletes have raised concerns as to whether high-inten-
sity endurance sports promote severe cardiac conditions 
[31].

While prospective population-based health studies 
have provided important knowledge regarding the effects 
of moderate PA on various health outcomes, most stud-
ies have failed to capture the highest levels of PA, espe-
cially in older individuals who are upholding strenuous 
endurance exercise into older ages. The overall aim of 
The Birkebeiner Ageing Study is to complement previous 
studies by prospectively studying aging and health out-
comes associated with prolonged exposure to endurance 
sport practice and other lifestyle habits in recreational 
athletes who are still participating in a long-distance 
cross-country ski competition when aged 65  years and 
older.

Methods
Study design
The Birkebeiner Ageing Study is a prospective cohort 
study among older recreational endurance athletes in 
Norway. The study is based on a questionnaire sur-
vey with periodical follow-up approximately every fifth 
year. The questionnaires used in the study address the 



Page 3 of 8Myrstad et al. BMC Geriatrics          (2023) 23:365  

participants’ history of endurance sport practice, current 
and previous lifestyle habits, including leisure-time PA, 
diseases and use of medications and mental and physical 
health status.

Objectives and hypothesis
The overall objective of the study is to explore associa-
tions between endurance sport practice, leisure-time PA 
and other lifestyle habits with aging, disability and health 
outcomes in older recreational endurance athletes.

The primary objective is to examine the association 
between participation in endurance sports and risk of 
mortality and morbidity during long-term follow-up. 
The secondary objective is to describe physical, mental 
and overall health status related to aging, social and psy-
chological factors, and gender differences in older rec-
reational endurance athletes. The tertiary objective is to 
compare recreational endurance athletes and less physi-
cally active individuals of the same age.

We hypothesize that participation in endurance sports 
is associated with 1) low long-term mortality and mor-
bidity, 2) preserved physical and mental health, and 3) 
that older recreational endurance athletes have reduced 
mortality, compression of morbidity, less disability and 

improved overall health status compared with less physi-
cally active individuals of the same age.

Study population and eligibility criteria
All recreational skiers who participated in The Birke-
beiner race in 2009 or 2010, had registered a postal 
address in Norway and were aged 65  years or older at 
that time, were invited to attend the baseline survey.

The Birkebeiner cross-country ski race is a long-dis-
tance endurance competition with a course of 54  km 
(www. birke beiner. no/ en). The course crosses three 
mountains, with a total of approximately 1,000 uphill 
meters and the race is known as one of the most chal-
lenging cross-country ski competitions worldwide. The 
Birkebeiner race was arranged for the first time in 1932 
and has with few exceptions been arranged as an annual 
event ever since. Many skiers representing all parts of 
Norway and international participants complete the race 
year after year, with the highest number of attendees in a 
single race being almost 17,000 (2009).

The definition of an athlete by the American Heart 
Association is “one who participates in an organized 
team or individual sport that requires regular competi-
tion against others as a central component, places a high 

Fig. 1 Relative risk of health outcomes at older ages and illustrative confidence intervals, related to different levels of leisure-time physical activity. 
While the health benefits of low to moderate physical activity are well documented, the effects of the highest level of physical activity and 
prolonged endurance sports practice are largely unknown

http://www.birkebeiner.no/en
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premium on excellence and achievement, and requires 
some form of systematic (and usually intense) training” 
[32]. Further, it has been suggested that a recreational 
athlete exercise for a minimum of four hours per week, 
with the intention to participate in competitions [33]. 
Cross-country skiing has been classified as an endurance 
sport with high intensity and high cardiovascular demand 
[14]. The long and steep course and often challenging 
weather conditions during the Birkebeiner race require 
that participants are well prepared, and thus, regular 
endurance exercise such as running, cycling and skiing, 
and high physical fitness could be considered manda-
tory to complete the race. The highly sought Birkebeiner 
medal is awarded skiers completing the race within the 
average time of the top five participants in each five-
year age class plus 25%. Having achieved the Birkebeiner 
medal could be considered a proxy for the highest levels 
of physical fitness [34, 35].

Baseline characteristics
Out of 658 invited skiers, 509 men and 46 women (84%) 
consented to participate and completed the baseline 
survey questionnaire during 2009 and 2010. Four were 
aged < 65 years and excluded. Compliance with filling out 
questionnaires was high, with missing data < 10% for all 
variables currently presented. An overview of baseline 
characteristics of the study participants, stratified by 
gender, is presented in Table  1. The mean age was 68.8 
(median 68, range 65—90) years. In total, 482 (89%) of 
the participants reported living with a spouse and 231 
(42%) were university educated.

The mean number of years of Birkebeiner race par-
ticipation was 16.6. The skiers reported an average of 
33.4 years of regular endurance exercise, and almost one 
out of four reported that they had practiced endurance 
exercise regularly for more than 50 years. The vast major-
ity of the participants reported that they had upheld 
moderate (51%) or high (38%) levels of PA during the 
past 12 months before baseline.

Few athletes reported current or previous use of lipid-
lowering drugs (15%) and blood pressure-lowering medi-
cation (16%) and only four (1%) were current smokers. 
The prevalence of coronary heart disease (3%), diabetes 
(1%) and stroke (1%) was very low.

Questionnaires
The baseline survey questionnaire was designed based 
on questionnaires used in large health surveys in Nor-
way previously, and included in the Cohort of Norway 
(CONOR) [36]. In particular, with the aim to allow com-
parison with a non-athletic general population, we chose 
questions used as part of the population-based Tromsø 
study [37]. In addition, we included single questions 

addressing participation in endurance sports and various 
matters, as well as established and validated instruments 
for assessments of leisure-time PA, mental, physical and 
overall health status, self-esteem and mastery. The origi-
nal questionnaires and an English translation of the base-
line questionnaire are published online [38]. Height and 
weight are self-reported, and body mass index is calcu-
lated as weight (kg) divided by squared height (m).

Follow-up surveys contain the majority of the same 
questions and instruments as the baseline survey. In 

Table 1 Characteristic of older recreational endurance athletes 
attending the baseline survey of the Birkebeiner Ageing Study in 
2009–10

Continuous variables are presented as mean, median and interquartile range 
(IQR). Categorical variables are given in percentages and as numerical values

Men (n = 505) Women (n = 46)

Mean (median, IQR)
Age 68.9 (68, 5) 67.5 (67, 3)

Height 178.5 (178, 7) 165.0 (165, 5)

Weight 75.4 (75, 10) 59.9 (60, 7)

Body mass index 23.6 (23.5, 2.5) 22.0 (22.0, 2.4)

Years of ski race participation 17.0 (14, 20) 12.0 (9, 17)

% (n)
Living with spouse 89.2(445) 82.2 (37)

Education

 Primary/Secondary school 16.6 (83) 8.9 (4)

 High school 42.2 (211) 35.6 (16)

 University 41.2 (206) 55.6 (25)

Smoking status

 Never 61.3 (309) 75.6 (34)

 Previous 37.9 (191) 24.4 (11)

 Current 0.8 (4) 0.0 (0)

Years of regular endurance exercise

 Less than 10 5.8 (28) 9.5 (4)

 10–29 32.3 (156) 52.4 (22)

 30–49 37.7 (182) 28.6 (12)

 50 or more 24.2 (117) 9.5 (4)

Physical activity past 12 Months

 Inactive 0.2 (1) 0.0 (0)

 Light 9.8 (48) 14.3 (6)

 Moderate 51.0 (251) 54.8 (23)

 Vigorous 39.0 (192) 31.0 (13)

Current or previous use of

 Blood pressure medication 15.7 (76) 21.4 (9)

 Lipid lowering drugs 15.0 (73) 14.6 (6)

Cardiovascular conditions

 Coronary heart disease 3.6 (18) 2.3 (1)

 Stroke 1.6 (8) 0.0 (0)

 Atrial fibrillation 13.8 (69) 8.7 (4)

 Diabetes 0.8 (4) 2.4 (1)
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2014, also information on risk factors for osteoporosis 
and results of bone mass density measurements were 
included for the women.

Leisure‑time physical activity and endurance sports practice
We assess leisure-time PA during the past 12  months 
with the question “How physically active have you been 
during the past year in your leisure time. If your activ-
ity level varies between summer and winter, note an aver-
age value. Tick one only.” The four levels of activity: (1) 
sedentary (reading, watching television, other sedentary 
activity); (2) light PA (walking, cycling or other activity 
for at least 4 h per week); (3) moderate PA (light sports, 
heavy gardening, for at least 4 h per week); and (4) high 
PA (regular hard exercise or competitive sports several 
times per week). The question is well validated in previ-
ous studies and correlates with cardiorespiratory fitness 
as examined by maximal oxygen consumption [39–41]. 
Endurance sport practice is assessed using unvalidated 
questions about the history of regular endurance exer-
cise and participation in the Birkebeiner race and other 
endurance competitions. In particular, we ask “How 
many times have you completed the Birkebeiner race?”, 
and “How many times have you been awarded with the 
Birkebeiner medal?”.

Morbidity and use of medication
With the aim to study illness, injuries and chronic dis-
eases, we ask “Have you/have you ever had [condition]”. 
The questionnaires contain questions regarding cerebral 
stroke, myocardial infarction, angina pectoris, atrial 
fibrillation, diabetes mellitus, cancer, chronic obstructive 
pulmonary disease and lung emphysema, asthma, osteo-
porosis, fractures, fibromyalgia, chronic pain, and injury 
requiring hospital admission. We also ask “Have you 
during the last year suffered from pain and/or stiffness 
in muscles and joints that have lasted for at least three 
months?”.

We ask the participants to report current and previous 
use of medications for high blood pressure, lipid-lower-
ing medications, analgetics, sleeping pills, tranquilizers, 
antidepressants, allergy pills, asthma medication and 
dietary supplements. Women are asked to report use of 
hormones.

Physical, mental and overall health status
We use the Norwegian translation of the 12-item short-
form healthy survey (SF-12) to assess the participant’s 
overall physical and mental health status. The instrument 
is validated in older people and measures physical func-
tioning, role physical, bodily pain, general health, vital-
ity, social functioning, role emotional and mental health, 

and provides weighted sumscores for physical and mental 
health status, respectively [42].

SF-12 has shown a high degree of correspondence with 
the 36-item short-form (SF-36) and the shorter SF-12 is 
more efficient for use as part of comprehensive health 
surveys [43–45].

The Modified Health Assessment Questionnaire 
(MHAQ) assesses physical function with eight questions 
about physical abilities during activities of daily living. 
Each question is scored on a 4-level scale. The instru-
ments were originally developed for use in individuals 
with musculoskeletal disorders and aim to assess per-
ceived patient satisfaction regarding activities of daily liv-
ing [46]. We used the Norwegian translation of MHAQ 
in this study.

Psychological factors
The ability to adapt and cope is assessed with the Pearlin 
Mastery Scale, and global self-worth is assessed with the 
Rosenberg self-esteem scale [47, 48]. In addition to these 
validated standard instruments, participants are asked to 
score their personal relation with sports and motivation 
on a four-level scale ranging from “Strongly disagree” to 
“Strongly agree” for three items: 1) “The sport means a 
lot to my quality of life”, 2) “Good sports performance 
means a lot to me”, and 3) “Participation in the Birke-
beiner cross-country ski race is a motivation for prac-
ticing systematic exercise”. We ask “Do you have or have 
you ever had psychological problems for which you have 
sought help?” and of reports of if the participants have 
felt nervous or worried, anxious, confident and calm, irri-
table, happy/optimistic, down/depressed and lonely dur-
ing the last two weeks, on a 4-level scale.

Socioeconomic status and other lifestyle habits
We use CONOR-questions to assess the highest level 
and total years of education completed, type of dwelling, 
marital status, current occupational situation and social 
activities. Habits of smoking, alcohol consumption, and 
coffee and tea drinking are assessed in detail with ques-
tions used in CONOR.

Mortality
Mortality data were collected from the Norwegian popu-
lation register, which is available online from Norwegian 
hospitals.

Comparison with non‑athletic cohorts
The questionnaires applied in the present study popu-
lation are either identical or similar to questionnaires 
applied in the population-based Tromsø study, allow-
ing comparison with non-athletic people representa-
tive of the general population. The Tromsø study is a 



Page 6 of 8Myrstad et al. BMC Geriatrics          (2023) 23:365 

prospective cohort study initiated in 1974, aiming to 
study health outcomes in a general population. Up to 
date, seven surveys have been completed, including the 
sixth and seventh survey in 2007/2008 and 2015/2016, 
respectively. The study is considered representative of a 
Norwegian Caucasian population [49]. The sixth survey 
was conducted at approximately the same time as the 
baseline survey of the Birkebeiner Ageing Study and is 
the most suitable for comparison: A total of 6098 indi-
viduals aged 65 years and older were invited to the sixth 
survey, 3341 women and 2757 men. Out of these, 2150 
women (64%) and 1867 men (68%) participated [50].

Statistical considerations
Analysis of descriptive data between groups may be 
tested by the Mann–Whitney U test for continuous data 
and with the Pearson χ2 test for categorical data. We will 
apply directed acyclic graphs for a priori model selec-
tion. Although the analytical method is likely to vary by 
the research question at hand, we suggest that regression 
methods are suitable for the prospective design of this 
study. For prospective analyses of self-reported outcomes 
logistic models may be applied. However, for outcomes 
with a high prevalence and where relative risk estimates 
are preferred over odds ratios, log-Poisson models with 
robust error variance may be preferred [51]. For time-
to-event data, survival analysis by Cox proportional haz-
ards regression will be applied in order to present hazard 
ratios and corresponding 95% confidence intervals. 
Model assumptions for the Cox model may be assessed 
by Schoenfeld’s test of residuals and log minus log plots. 
Furthermore, unadjusted Kaplan–Meier curves as well as 
adjusted survival curves may be presented.

Discussion
This prospective study, with long-term follow-up, will 
provide data on associations between life-long endur-
ance sport participation, aging and health outcomes in a 
cohort of older recreational athletes.

A main strength of the study is that it has the poten-
tial to complement previous population-based health 
surveys, with knowledge regarding long-term health out-
comes in the most active part of the older population. 
The cohort in this study is characterized by an average 
exposure to strenuous endurance sport practice, includ-
ing repeated participation in a long-distance arduous 
cross-country ski race, of several decades. Furthermore, 
at baseline the study population was remarkably healthy, 
with low prevalence of both cardiovascular risk factors 
and cardiovascular conditions. As we are not aware of 
any other prospective studies of recreational older endur-
ance athletes with such a long follow-up, the prospective 
study design and planned long-term follow-up of at least 

20  years are further main assets of the study and could 
potentially provide novel insights. The high participa-
tion rate in the baseline survey and high compliance with 
completing the baseline questionnaire correctly, promise 
high-quality self-reported data.

The main limitation of the study is that it is entirely 
based on self-reporting by the study participants that 
could be affected by both over- and underestimation of 
lifestyle habits and diseases, and recall bias in reports 
of long-term exposure to exercise. The low number of 
female participants in the study is another limitation.

Study status
A research paper addressing the association between 
leisure-time PA, endurance sport practice and the risk 
of atrial fibrillation in older men, based on data from 
the baseline survey and data from the sixth survey of the 
Tromsø study, was published in 2014 [52]. Two substud-
ies, including 30 male and 24 female athletes, respectively, 
have been previously published; one study investigating 
orthostatic intolerance in older male athletes and controls 
[53], and one study on the association between PA and 
bone mineral density in older female athletes and a con-
trol group from the Tromsø study [54]. The first research 
paper using data from the longitudinal follow-up sur-
veys in the study, addressing the cumulative prevalence 
and risk of atrial fibrillation and stroke related to exercise 
and sport practice, was published recently [55]. Selected 
results from the study have also been presented to the 
study participants in periodically distributed newsletters.

Further follow-up surveys with questionnaires are 
planned for 2024 and 2029 when the youngest partici-
pants in the study will have reached the age of 85 years. 
We also intend to invite new participants from the Birke-
beiner race or other endurance competitions, with the aim 
of increasing the study size. In particular, we will strive to 
reduce the underrepresentation of women and prioritize 
recruitment of new cohorts of female athletes [56].

User involvement
A user interest group consisting of five study participants 
(two women, three men), together with the first and last 
author, have been involved in the planning and execu-
tion of the study from its very beginning. The researchers 
arranged five meetings with the user interest group dur-
ing the period 2009 to 2014.

Abbreviations
PA  Physical activity
CONOR  Cohort of Norway
SF-12  Short-form 12
SF-36  Short-form 36
MHAQ  Modified Health Assessment Questionnaire



Page 7 of 8Myrstad et al. BMC Geriatrics          (2023) 23:365  

Acknowledgements
We would like to thank Ida Kristine Sangnes, Astrid Hylen Klippenberg and 
Andreas Henriksen for their invaluable help with collecting and processing 
data in the study.

Authors information
AHR is a professor in Geriatric Medicine at the University of Bergen, senior 
consultant at the Department of Geriatric Medicine at Diakonhjemmet 
Hospital and a researcher at the Norwegian Institute of Public Health. She is 
project manager of the Birkebeiner Ageing Study. MM is senior consultant 
at the Department of Geriatrics, Stroke and Rehabilitation, a research fellow 
at the Department of Medical Research at Bærum Hospital and leader of the 
Norwegian Exercise and Atrial Fibrillation Initiative (www. nexaf. no). He has 
been collaborating on the Birkebeiner study since its beginning. AHR and MM 
are members of the European Academy for Medicine of Ageing. KRJ is a PhD 
candidate at the school of sports science, UiT, currently involved in a research 
project (https:// afib. no/ nexaf/) where data from the Birkebeiner Ageing Study 
and the Tromsø Study are applied. ES is a physician in training in cardiology 
and PhD-candidate on a research project on cardiac function in a cohort of 
Birkebeiner cross-country skiers (https:// afib. no/ birke beiner- ii- study/).

Authors’ contributions
MM and AHR have contributed with the idea, design and conceptualization of the 
study, the arrangement of user involvement, data collection and processing, and 
have written the manuscript. KRJ and ES have contributed with data processing 
and writing of the manuscript. All authors read and approved the final manuscript.

Funding
The Birkebeiner Ageing Study has been funded by the Norwegian Health Asso-
ciation through EXTRA FUNDS and by the Kavli Research Centre for Ageing and 
Dementia. The funding bodies did not have any role in the design of the study or 
in the collection, analysis and interpretation of data, or in writing the manuscript.

Availability of data and materials
The datasets generated in the current study are not publicly available because 
the study is not yet completed, but may be available from the corresponding 
author in the future on reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the Regional Committee for Medical and Health 
Research Ethics (REK-2009/196-3) and is performed in compliance with the 
declaration of Helsinki. All participants signed a written informed consent form.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Medical Research, Bærum Hospital, Vestre Viken Hospital 
Trust, N-1346 Gjettum, Norway. 2 Department of Internal Medicine, Bærum 
Hospital, Vestre Viken Hospital Trust, N-1346 Gjettum, Norway. 3 School of Sport 
Sciences, Faculty of Health Sciences, UiT The Arctic University of Norway, 
Tromsø, Norway. 4 Department of Internal Medicine, Diakonhjemmet Hospital, 
N-0370 Oslo, Norway. 5 Department of Clinical Science, University of Bergen, 
Bergen, Norway. 6 Norwegian Institute of Public Health, Oslo, Norway. 

Received: 1 July 2022   Accepted: 8 June 2023

References
 1. Paffenbarger RS Jr, Blair SN, Lee IM. A history of physical activity, cardio-

vascular health and longevity: the scientific contributions of Jeremy N 
Morris, DSc, DPH FRCP. Int J Epidemiol. 2001;30(5):1184–92. https:// doi. 
org/ 10. 1093/ ije/ 30.5. 1184.

 2. World Health Organization. Integrated care for older people: guidelines on 
community-level interventions to manage declines in intrinsic capacity. 
https:// apps. who. int/ iris/ handle/ 10665/ 258981. Accessed 12 Jun 2022.

 3. Caspersen CJ, Powell KE, Christenson GM. Physical activity, exercise, and 
physical fitness: definitions and distinctions for health-related research. 
Public Health Rep. 1985;100(2):126-131 4.

 4. Ekelund U, Tarp J, Steene-Johannessen J, Hansen BH, Jefferis B, Fagerland 
MW, Whincup P, Diaz KM, Hooker SP, Chernofsky A, et al. Dose-response 
associations between accelerometry measured physical activity and sed-
entary time and all cause mortality: systematic review and harmonised 
meta-analysis. Bmj. 2019;366:l4570. https:// doi. org/ 10. 1136/ bmj. l4570.

 5. Savela S, Koistinen P, Tilvis RS, Strandberg AY, Pitkälä KH, Salomaa VV, Miet-
tinen TA, Strandberg TE. Leisure-time physical activity, cardiovascular risk 
factors and mortality during a 34-year follow-up in men. Eur J Epidemiol. 
2010;25(9):619–25. https:// doi. org/ 10. 1007/ s10654- 010- 9483-z.

 6. Warburton DER, Bredin SSD. Health benefits of physical activity: a 
systematic review of current systematic reviews. Curr Opin Cardiol. 
2017;32(5):541–56. https:// doi. org/ 10. 1097/ hco. 00000 00000 000437.

 7. Lee IM, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk PT. Effect 
of physical inactivity on major non-communicable diseases world-
wide: an analysis of burden of disease and life expectancy. Lancet. 
2012;380(9838):219–29. https:// doi. org/ 10. 1016/ s0140- 6736(12) 61031-9.

 8. Sesso HD, Paffenbarger RS Jr, Lee IM. Physical activity and coronary 
heart disease in men: The Harvard Alumni Health Study. Circulation. 
2000;102(9):975–80. https:// doi. org/ 10. 1161/ 01. cir. 102.9. 975.

 9. Lee CD, Folsom AR, Blair SN. Physical activity and stroke risk: a meta-anal-
ysis. Stroke. 2003;34(10):2475–81. https:// doi. org/ 10. 1161/ 01. Str. 00000 
91843. 02517. 9d.

 10. Gulsvik AK, Thelle DS, Samuelsen SO, Myrstad M, Mowé M, Wyller TB. 
Ageing, physical activity and mortality–a 42-year follow-up study. Int J 
Epidemiol. 2012;41(2):521–30. https:// doi. org/ 10. 1093/ ije/ dyr205.

 11 Chodzko-Zajko WJ, Proctor DN, Fiatarone Singh MA, Minson CT, 
Nigg CR, Salem GJ, Skinner JS. American College of Sports Medicine 
position stand. Exercise and physical activity for older adults. Med Sci 
Sports Exerc. 2009;41(7):1510–30. https:// doi. org/ 10. 1249/ MSS. 0b013 
e3181 a0c95c.

 12. Batt ME, Tanji J, Börjesson M. Exercise at 65 and beyond. Sports Med. 
2013;43(7):525–30. https:// doi. org/ 10. 1007/ s40279- 013- 0033-1.

 13. Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman MP, Cardon G, Carty 
C, Chaput JP, Chastin S, Chou R, et al. World Health Organization 2020 
guidelines on physical activity and sedentary behaviour. Br J Sports Med. 
2020;54(24):1451–62. https:// doi. org/ 10. 1136/ bjspo rts- 2020- 102955.

 14. Pelliccia A, Sharma S, Gati S, Bäck M, Börjesson M, Caselli S, Collet J-P, 
Corrado D, Drezner JA, Halle M, et al. 2020 ESC Guidelines on sports cardi-
ology and exercise in patients with cardiovascular disease: The Task Force 
on sports cardiology and exercise in patients with cardiovascular disease 
of the European Society of Cardiology (ESC). Eur Heart J. 2020;42(1):17–
96. https:// doi. org/ 10. 1093/ eurhe artj/ ehaa6 05.

 15. Shiroma EJ, Sesso HD, Moorthy MV, Buring JE, Lee IM. Do moderate-
intensity and vigorous-intensity physical activities reduce mortality rates 
to the same extent? J Am Heart Assoc. 2014;3(5):e000802. https:// doi. org/ 
10. 1161/ jaha. 114. 000802.

 16. Lee IM, Sesso HD, Oguma Y, Paffenbarger RS Jr. Relative intensity 
of physical activity and risk of coronary heart disease. Circulation. 
2003;107(8):1110–6. https:// doi. org/ 10. 1161/ 01. cir. 00000 52626. 63602. 58.

 17. Dansk vidensrrad: Super-motionisme. 2nd ed. Copenhagen; 2021. https:// 
viden sraad. dk.

 18. Rüst CA, Knechtle B, Eichenberger E, Rosemann T, Lepers R. Finisher and 
performance trends in female and male mountain ultramarathoners by age 
group. Int J Gen Med. 2013;6:707–18. https:// doi. org/ 10. 2147/ ijgm. S46984.

 19. Lepers R, Cattagni T. Do older athletes reach limits in their performance 
during marathon running? Age (Dordr). 2012;34(3):773–81. https:// doi. 
org/ 10. 1007/ s11357- 011- 9271-z.

 20. Kettunen JA, Kujala UM, Kaprio J, Bäckmand H, Peltonen M, Eriksson 
JG, Sarna S. All-cause and disease-specific mortality among male, 
former elite athletes: an average 50-year follow-up. Br J Sports Med. 
2015;49(13):893–7. https:// doi. org/ 10. 1136/ bjspo rts- 2013- 093347.

 21. Clarke PM, Walter SJ, Hayen A, Mallon WJ, Heijmans J, Studdert DM. Sur-
vival of the fittest: retrospective cohort study of the longevity of Olym-
pic medallists in the modern era. Br J Sports Med. 2015;49(13):898–902. 
https:// doi. org/ 10. 1136/ bjspo rts- 2015- e8308 rep.

http://www.nexaf.no
https://afib.no/nexaf/
https://afib.no/birkebeiner-ii-study/
https://doi.org/10.1093/ije/30.5.1184
https://doi.org/10.1093/ije/30.5.1184
https://apps.who.int/iris/handle/10665/258981
https://doi.org/10.1136/bmj.l4570
https://doi.org/10.1007/s10654-010-9483-z
https://doi.org/10.1097/hco.0000000000000437
https://doi.org/10.1016/s0140-6736(12)61031-9
https://doi.org/10.1161/01.cir.102.9.975
https://doi.org/10.1161/01.Str.0000091843.02517.9d
https://doi.org/10.1161/01.Str.0000091843.02517.9d
https://doi.org/10.1093/ije/dyr205
https://doi.org/10.1249/MSS.0b013e3181a0c95c
https://doi.org/10.1249/MSS.0b013e3181a0c95c
https://doi.org/10.1007/s40279-013-0033-1
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.1093/eurheartj/ehaa605
https://doi.org/10.1161/jaha.114.000802
https://doi.org/10.1161/jaha.114.000802
https://doi.org/10.1161/01.cir.0000052626.63602.58
https://vidensraad.dk
https://vidensraad.dk
https://doi.org/10.2147/ijgm.S46984
https://doi.org/10.1007/s11357-011-9271-z
https://doi.org/10.1007/s11357-011-9271-z
https://doi.org/10.1136/bjsports-2013-093347
https://doi.org/10.1136/bjsports-2015-e8308rep


Page 8 of 8Myrstad et al. BMC Geriatrics          (2023) 23:365 

 22. Teramoto M, Bungum TJ. Mortality and longevity of elite athletes. J Sci 
Med Sport. 2010;13(4):410–6. https:// doi. org/ 10. 1016/j. jsams. 2009. 04. 010.

 23. Runacres A, Mackintosh KA, McNarry MA. Health consequences of an 
elite sporting career: long-term detriment or long-term gain? A meta-
analysis of 165,000 former athletes. Sports Med. 2021;51(2):289–301. 
https:// doi. org/ 10. 1007/ s40279- 020- 01379-5.

 24. Farahmand BY, Ahlbom A, Ekblom O, Ekblom B, Hållmarker U, Aronson 
D, Brobert GP. Mortality amongst participants in Vasaloppet: a classical 
long-distance ski race in Sweden. J Intern Med. 2003;253(3):276–83. 
https:// doi. org/ 10. 1046/j. 1365- 2796. 2003. 01122.x.

 25. van Saase JLCM, Noteboom WMP, Vandenbroucke JP. Longevity of men 
capable of prolonged vigorous physical exercise: a 32 year follow up 
of 2259 participants in the Dutch eleven cities ice skating tour. BMJ. 
1990;301(6766):1409–11.

 26. Andersen K, Farahmand B, Ahlbom A, Held C, Ljunghall S, Michaëlsson 
K, Sundström J. Risk of arrhythmias in 52 755 long-distance cross-coun-
try skiers: a cohort study. Eur Heart J. 2013;34(47):3624–31. https:// doi. 
org/ 10. 1093/ eurhe artj/ eht188.

 27. Schnohr P, O’Keefe JH, Lavie CJ, Holtermann A, Lange P, Jensen GB, 
Marott JL. U-shaped association between duration of sports activi-
ties and mortality: Copenhagen City Heart Study. Mayo Clin Proc. 
2021;96(12):3012–20. https:// doi. org/ 10. 1016/j. mayocp. 2021. 05. 028.

 28. Morseth B, Løchen ML, Ariansen I, Myrstad M, Thelle DS. The ambiguity 
of physical activity, exercise and atrial fibrillation. Eur J Prev Cardiol. 
2018;25(6):624–36. https:// doi. org/ 10. 1177/ 20474 87318 754930.

 29. Myrstad M, Nystad W, Graff-Iversen S, Thelle DS, Stigum H, Aarønæs M, 
Ranhoff AH. Effect of years of endurance exercise on risk of atrial fibril-
lation and atrial flutter. Am J Cardiol. 2014;114(8):1229–33. https:// doi. 
org/ 10. 1016/j. amjca rd. 2014. 07. 047.

 30. Myrstad M, Aarønæs M, Graff-Iversen S, Nystad W, Ranhoff AH. Does 
endurance exercise cause atrial fibrillation in women? Int J Cardiol. 
2015;184:431–2. https:// doi. org/ 10. 1016/j. ijcard. 2015. 03. 018.

 31. Corrado D, Pelliccia A, Basso C, Zorzi A. Screening professional ath-
letes for cardiovascular diseases at risk of cardiac arrest. Eur Heart J. 
2021;43(4):251–4. https:// doi. org/ 10. 1093/ eurhe artj/ ehab4 40.

 32. Maron BJ, Thompson PD, Ackerman MJ, Balady G, Berger S, Cohen D, 
Dimeff R, Douglas PS, Glover DW, Hutter AM Jr, et al. Recommenda-
tions and considerations related to preparticipation screening for 
cardiovascular abnormalities in competitive athletes: 2007 update: a 
scientific statement from the American Heart Association Council on 
Nutrition, Physical Activity, and Metabolism: endorsed by the American 
College of Cardiology Foundation. Circulation. 2007;115(12):1643–
1455. https:// doi. org/ 10. 1161/ circu latio naha. 107. 181423.

 33. McKinney J, Velghe J, Fee J, Isserow S, Drezner JA. Defining Athletes 
and Exercisers. Am J Cardiol. 2019;123(3):532–5. https:// doi. org/ 10. 
1016/j. amjca rd. 2018. 11. 001.

 34. Grimsmo J, Arnesen H, Maehlum S. Changes in cardiorespiratory 
function in different groups of former and still active male cross-
country skiers: a 28–30-year follow-up study. Scand J Med Sci Sports. 
2010;20(1):e151-161. https:// doi. org/ 10. 1111/j. 1600- 0838. 2009. 00931.x.

 35. Stensvold D, Bucher Sandbakk S, Viken H, Zisko N, Reitlo LS, Nauman J, 
Gaustad SE, Hassel E, Moufack M, Brønstad E, et al. Cardiorespiratory refer-
ence data in older adults: the Generation 100 study. Med Sci Sports Exerc. 
2017;49(11):2206–15. https:// doi. org/ 10. 1249/ mss. 00000 00000 001343.

 36. Naess O, Søgaard AJ, Arnesen E, Beckstrøm AC, Bjertness E, Engeland A, Hjort PF, 
Holmen J, Magnus P, Njølstad I, et al. Cohort profile: cohort of Norway (CONOR). 
Int J Epidemiol. 2008;37(3):481–5. https:// doi. org/ 10. 1093/ ije/ dym217.

 37. Jacobsen BK, Eggen AE, Mathiesen EB, Wilsgaard T, Njølstad I. Cohort 
profile: the Tromso Study. Int J Epidemiol. 2012;41(4):961–7. https:// doi. 
org/ 10. 1093/ ije/ dyr049.

 38. https:// www. haral dspla ss. no/ helse faglig/ forsk nings gruppe- for- geria 
tri- og- demens/ birke beiner- aldri ngsst udien- bias# sporr eskje maer- quest 
ionna ires Accessed 23 June 2022.

 39. Grimby G, Börjesson M, Jonsdottir IH, Schnohr P, Thelle DS, Saltin B. The 
“Saltin-Grimby Physical Activity Level Scale” and its application to health 
research. Scand J Med Sci Sports. 2015;25(Suppl 4):119–25. https:// doi. 
org/ 10. 1111/ sms. 12611.

 40. Emaus A, Degerstrøm J, Wilsgaard T, Hansen BH, Dieli-Conwright CM, 
Furberg AS, Pettersen SA, Andersen LB, Eggen AE, Bernstein L, et al. Does 
a variation in self-reported physical activity reflect variation in objectively 
measured physical activity, resting heart rate, and physical fitness? Results 

from the Tromso study. Scand J Public Health. 2010;38(5 Suppl):105–18. 
https:// doi. org/ 10. 1177/ 14034 94810 378919.

 41. Sagelv EH, Hopstock LA, Johansson J, Hansen BH, Brage S, Horsch A, 
Ekelund U, Morseth B. Criterion validity of two physical activity and one 
sedentary time questionnaire against accelerometry in a large cohort 
of adults and older adults. BMJ Open Sport Exerc Med. 2020;6(1):661. 
https:// doi. org/ 10. 1136/ bmjsem- 2019- 000661.

 42. Jakobsson U. Using the 12-item Short Form health survey (SF-12) 
to measure quality of life among older people. Aging Clin Exp Res. 
2007;19(6):457–64. https:// doi. org/ 10. 1007/ BF033 24731.

 43. Ware J Jr, Kosinski M, Keller SD. A 12-Item Short-Form Health Survey: con-
struction of scales and preliminary tests of reliability and validity. Med Care. 
1996;34(3):220–33. https:// doi. org/ 10. 1097/ 00005 650- 19960 3000- 00003.

 44. Ware JE, Kosinski M, Keller SD. SF-12: How to score the SF-12 physical and 
mental summary scales. Boston: New England Medical Center, Health 
Institute; 1995.

 45. Loge JH, Kaasa S, Hjermstad MJ, Kvien TK. Translation and performance of 
the Norwegian SF-36 Health Survey in patients with rheumatoid arthritis 
.I. Data quality, scaling assumptions, reliability, and construct validity. 
J Clin Epidemiol. 1998;51(11):1069–76. https:// doi. org/ 10. 1016/ s0895- 
4356(98) 00098-5.

 46. Pincus T, Summey JA, Soraci SA Jr, Wallston KA, Hummon NP. Assessment 
of patient satisfaction in activities of daily living using a modified Stanford 
Health Assessment Questionnaire. Arthritis Rheum. 1983;26(11):1346–53. 
https:// doi. org/ 10. 1002/ art. 17802 61107.

 47. Pearlin LI, Schooler C. The structure of coping. Journ Health Soc Behavior. 
1978;1978(19):2–21.

 48. Rosenberg M. Society and the adolescent self-image. Princeton: Prince-
ton University Press; 1965.

 49. Eggen AE, Mathiesen EB, Wilsgaard T, Jacobsen BK, Njølstad I. The sixth 
survey of the Tromso Study (Tromso 6) in 2007–08: collaborative research 
in the interface between clinical medicine and epidemiology: study 
objectives, design, data collection procedures, and attendance in a 
multipurpose population-based health survey. Scand J Public Health. 
2013;41(1):65–80. https:// doi. org/ 10. 1177/ 14034 94812 469851.

 50. UiT The Arctic University of Norway. The Tromsø Study. 2022 [Available 
from: https:// uit. no/ resea rch/ troms ostudy. Accessed 22 June 2022.

 51. Zou G. A modified poisson regression approach to prospective studies 
with binary data. Am J Epidemiol. 2004;159(7):702–6. https:// doi. org/ 10. 
1093/ aje/ kwh090.

 52. Myrstad M, Løchen ML, Graff-Iversen S, Gulsvik AK, Thelle DS, Stigum H, 
Ranhoff AH. Increased risk of atrial fibrillation among elderly Norwegian 
men with a history of long-term endurance sport practice. Scand J Med 
Sci Sports. 2014;24(4):e238-244. https:// doi. org/ 10. 1111/ sms. 12150.

 53. Mellingsæter MR, Wyller TB, Ranhoff AH, Wyller VB. Fit elderly men can 
also stand: orthostatic tolerance and autonomic cardiovascular control 
in elderly endurance athletes. Aging Clin Exp Res. 2015;27(4):499–505. 
https:// doi. org/ 10. 1007/ s40520- 014- 0303-2.

 54. Gulsvik AK, Myrstad M, Landgraff IW, Emaus N, Ranhoff AH. Lower bone 
mineral density in older female endurance skiers - a cross-sectional, 
observational study. Eur Rev Aging Phys Act. 2018;15:12. https:// doi. org/ 
10. 1186/ s11556- 018- 0202-1.

 55. Johansen KR, Ranhoff AH, Sørensen E, Nes BM, Heitmann KA, Apelland T, 
Sandbakk SB, Wilsgaard T, Løchen ML, On behalf of the NEXAF Initiative 
et al. Risk of atrial fibrillation and stroke among older men exposed to 
prolonged endurance sport practice: a 10-year follow-up. The Birkebeiner 
Ageing Study and the Tromsø Study. Open Heart. 2022;9:e002154. 
https:// doi. org/ 10. 1136/ openh rt- 2022- 002154

 56. Myrstad M, Sørensen E, Janssens K, Mitchell A, Apelland T, Claessen G, La 
Gerche A. Exercise-induced cardiac remodeling and atrial fibrillation in 
female endurance athletes. JASE. 2022;S0894-7317(22):00648-54. https:// 
doi. org/ 10. 1016/j. echo. 2022. 12. 006.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/j.jsams.2009.04.010
https://doi.org/10.1007/s40279-020-01379-5
https://doi.org/10.1046/j.1365-2796.2003.01122.x
https://doi.org/10.1093/eurheartj/eht188
https://doi.org/10.1093/eurheartj/eht188
https://doi.org/10.1016/j.mayocp.2021.05.028
https://doi.org/10.1177/2047487318754930
https://doi.org/10.1016/j.amjcard.2014.07.047
https://doi.org/10.1016/j.amjcard.2014.07.047
https://doi.org/10.1016/j.ijcard.2015.03.018
https://doi.org/10.1093/eurheartj/ehab440
https://doi.org/10.1161/circulationaha.107.181423
https://doi.org/10.1016/j.amjcard.2018.11.001
https://doi.org/10.1016/j.amjcard.2018.11.001
https://doi.org/10.1111/j.1600-0838.2009.00931.x
https://doi.org/10.1249/mss.0000000000001343
https://doi.org/10.1093/ije/dym217
https://doi.org/10.1093/ije/dyr049
https://doi.org/10.1093/ije/dyr049
https://www.haraldsplass.no/helsefaglig/forskningsgruppe-for-geriatri-og-demens/birkebeiner-aldringsstudien-bias#sporreskjemaer-questionnaires
https://www.haraldsplass.no/helsefaglig/forskningsgruppe-for-geriatri-og-demens/birkebeiner-aldringsstudien-bias#sporreskjemaer-questionnaires
https://www.haraldsplass.no/helsefaglig/forskningsgruppe-for-geriatri-og-demens/birkebeiner-aldringsstudien-bias#sporreskjemaer-questionnaires
https://doi.org/10.1111/sms.12611
https://doi.org/10.1111/sms.12611
https://doi.org/10.1177/1403494810378919
https://doi.org/10.1136/bmjsem-2019-000661
https://doi.org/10.1007/BF03324731
https://doi.org/10.1097/00005650-199603000-00003
https://doi.org/10.1016/s0895-4356(98)00098-5
https://doi.org/10.1016/s0895-4356(98)00098-5
https://doi.org/10.1002/art.1780261107
https://doi.org/10.1177/1403494812469851
https://uit.no/research/tromsostudy
https://doi.org/10.1093/aje/kwh090
https://doi.org/10.1093/aje/kwh090
https://doi.org/10.1111/sms.12150
https://doi.org/10.1007/s40520-014-0303-2
https://doi.org/10.1186/s11556-018-0202-1
https://doi.org/10.1186/s11556-018-0202-1
https://doi.org/10.1136/openhrt-2022-002154
https://doi.org/10.1016/j.echo.2022.12.006
https://doi.org/10.1016/j.echo.2022.12.006

	Rationale and design of the Birkebeiner Ageing Study – a prospective cohort study of older endurance athletes
	Abstract 
	Background 
	Methods 
	Discussion 

	Background
	Methods
	Study design
	Objectives and hypothesis
	Study population and eligibility criteria
	Baseline characteristics
	Questionnaires
	Leisure-time physical activity and endurance sports practice
	Morbidity and use of medication
	Physical, mental and overall health status
	Psychological factors
	Socioeconomic status and other lifestyle habits
	Mortality

	Comparison with non-athletic cohorts
	Statistical considerations

	Discussion
	Study status
	User involvement

	Acknowledgements
	References


