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Abstract 

Background  Many exercise studies, including older adults, do not report all relevant exercise characteristics. Espe-
cially the description of exercise intensity is missing and mostly not controlled. This leads to difficulties in interpreting 
study results and summarizing the evidence in systematic reviews or meta-analyses. Therefore, the aim of the present 
Delphi study was to gain recommendations about the categorization of exercise intensity and for the conduct-
ing and reporting of characteristics in future intervention studies with older adults by experts in exercise science 
and physiology.

Methods  Two hundred ninety-seven international interdisciplinary participants from an EU COST action were invited 
to participate in three rounds of online questionnaires in April/May 2023. Up to N = 93 experts participated in each 
round. Round 1 included open-ended questions to solicit possible recommendations and categorizations for light, 
moderate, vigorous, and high intensity. In round 2, the experts rated their agreement using Likert scales (1–10) 
on the revealed categories and recommendations. Clusters with a higher average rating of M = 8.0 were summa-
rized into round 3. In the final round, the results were presented for a final rating of agreement (based on a simple 
majority > 50%).

Results  In round 1 a total of 416 qualitative statements were provided from thirteen questions. From round 1 
to round 3, a total of 38 items were excluded, with 205 items retained for the final consensus. In round three 37 
participants completed the whole questionnaire. The experts showed overall agreement on the final categorizations 
with 6.7 to 8.8 out of 10 points on the Likert scale. They also showed broad consensus on the relevance of report-
ing exercise intensity and the recommendations for future conducting and reporting of study results. However, 
exercise types such as yoga, balance, and coordination training led to conflicting results for categorization into light 
or moderate.

Discussion and implications  The results of the current survey can be used to classify the intensity of exercise 
and suggest a practical approach that can be adopted by the scientific community and applied when conducting 
systematic reviews and meta-analysis articles when vital and objective information regarding exercise intensity is lack-
ing from the original article.
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Highlights 

- Experts highlight the importance of reporting exercise intensity for individualization and participant safety

- International interdisciplinary participants with expertise in exercise gained a common understanding of the catego-
rization of exercise intensity for future intervention studies with older adults.

- Conflicting results for exercise types such as yoga, balance, and coordination training present categorization 
challenges

Keywords  Exercise intensity, Older adults, Expert rating, Delphi process

Introduction
Exercise is considered an effective, nonpharmacologi-
cal approach in terms of improving various health and 
quality of life-related parameters in older adults [1]. A 
large body of evidence supports the beneficial effect of 
different forms of exercise in a cascade of physiological, 
mental, cognitive, and social health outcomes, and many 
older individuals are currently engaging in organized 
exercise training programs worldwide [2–5]. Thus, it is 
not surprising that older adults who systematically par-
ticipate in exercise programs have a reduced risk for the 
development or aggravation of an existing chronic dis-
ease, including cardiovascular diseases [6], diabetes [7], 
and dementia [8], while they may maintain their inde-
pendent living ability and good levels of physical and cog-
nitive functionality [1].

It seems that exercise forms are superior in terms of 
the level of adaptations compared to physical activity 
forms such as work-related physical activity. For instance, 
work-related physical activity failed to reduce the risk of 
metabolic syndrome [9]. Similarly, Schmidt et al. (2017) 
showed that work-related physical activity did not sig-
nificantly affect health and physical fitness, while habitual 
physical activity was less effective than sports-related 
activities (higher intensity activities) [10].

Concerning benefits that can be derived from different 
forms of physical activity, it must be noted that physical 
exercise and physical training are more specific in terms 
of structure and planning. Physical exercise (PE) is called 
a subset of physical activity that is planned, structured, 
and repetitive and should be distinguished on tempo-
ral characteristics into (i) acute physical exercise (single 
bout) and chronic physical exercise (repeated bouts of 
acute exercise) [1, 11, 12]. Chronic physical exercise con-
ducted regularly in a planned, structured, and purposive 
manner with the objective of increasing (or maintaining) 
individual capabilities in one or multiple fitness dimen-
sions is also called physical training [12].

Current physical activity guidelines and homogenous 
exercise prescriptions across health organizations (i.e., 
WHO) often fail to improve physical fitness and health 
parameters. On the other hand, personalized exercise 

prescription programs are reported to be more effective 
at enhancing such parameters [13].

Many forms of exercise have been shown to be suit-
able for older adults, including aerobic, resistance, 
flexibility, and balance training, swimming, Tai-Chi, 
combined hybrid forms (e.g., aerobic and resistance 
exercises), and others. However, their characteristics 
are highly diverse [14]. Moreover, in recent decades, 
new forms of exercise training have appeared, in which 
the most critical characteristic is high exercise inten-
sity (e.g., high-intensity interval training, high-intensity 
functional training). These forms of exercise are cur-
rently effective and very popular and can be applied in 
various settings, including gyms, nursing homes, and 
hospitals [15, 16].

Therefore, exercise regimens, especially if they are 
conducted for older adults, should include some rele-
vant training principles to secure potential adaptations. 
There is much evidence that goal-directed PE should 
integrate a certain individualization (e.g., to consider 
the individual’s health and fitness level), should be spe-
cific in triggering the necessary adaptations of a specific 
health condition (e.g., endurance training to improve 
the cardio-respiratory system) and must gain a certain 
overload to be effective [17].

Exercise programs for older adults should be indi-
vidualized and tailored, and they need to account for 
the individual’s needs, health status, fitness levels, and 
willingness to exercise to favor optimal adaptations. 
Moreover, to prescribe and monitor effective and safe 
exercise training programs, exercise professionals use 
principles such as frequency, intensity, time, and type 
(F.I.T.T.) that act as an essential component in evi-
dence-based medicine [17]. Thus, it is not surprising 
that the intensity of exercise was used as a moderator in 
meta-analyses related to the effects of exercise on vari-
ous health-related parameters [18].

When prescribing exercise in older people, it is 
essential to tailor it to each individual, taking into con-
sideration their specific goals and needs. This includes 
personalizing the modality, frequency, duration, and 
intensity of physical activity. Intensity is one of the 
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cornerstones of exercise programs and a continuous 
topic of interest and debate among exercise scientists 
[19, 20]. Practically, intensity is defined by the amount 
of energy required for the performance of the physical 
activity per unit and time [21].

Exercise intensity is strongly related to external work-
load, which in turn affects the internal metabolic and 
cardiovascular stress in the human body and thus the 
level and the type of adaptation [20]. For instance, a 
recent meta-analysis reported that exercise intensity 
had a significant moderating effect in strength or resist-
ance training exercise studies and yoga or tai chi trials 
[18]. In particular, an increased exercise intensity of 10% 
resulted in a significantly increased antidepressant effect 
[18]. Similarly, exercise intensity appears to moderate 
the effect of cardiorespiratory benefits induced by aero-
bic exercise. For instance, moderate-to-vigorous-inten-
sity and vigorous-intensity exercise interventions were 
more effective in terms of improving relative VO2peak 
compared to low-intensity exercise in patients with car-
diovascular diseases [22]. When it comes to resistance 
training, studies have shown that gradually increasing 
the intensity of the exercises to levels between 70 and 
80% of an individual’s one-repetition maximum (1RM) 
results in greater improvements in strength compared to 
training with lighter weights (less than 50% of 1RM) or 
moderate weights (less than 70% of 1RM) [23]. Moreo-
ver, metabolic stress induced by exercise (also affected by 
exercise intensity), prescribed relative to the percentage 
of VO2max (i.e., exercise above or below the anaerobic 
threshold), could partly explain the considerable interin-
dividual variation in response reported following training 
programs using this method of exercise prescription [24]. 
As a consequence, exercise intensity should be carefully 
dosed when prescribing personalized exercise training 
programs in older adults, especially in those with chronic 
diseases [25]. Moreover, the progression (including train-
ing loads and dosage) of the exercise training program 
considering the issue of exercise intensity is an even more 
complicated issue in exercise training studies in older 
adults. Especially for older adults with chronic diseases 
and comorbidities, precise exercise prescription would 
be essential for training-induced adaptations but also for 
the safety of the participants [25].

Some published and popular recommendations that 
exercise scientists adopted in terms of exercise pre-
scription were provided by the American College of 
Sports Medicine [26] and previous position papers [27, 
28]. When we refer to other forms of exercise, such 
as balance, multimodal exercise, mind–body exercise 
forms, Pilates, Tai-Chi, and others, the prescription of 
exercise intensity is complicated. Moreover, these exer-
cise forms have many subforms with different exercise 

characteristics, including exercise intensity, and can 
lead to diverse adaptations. For example, in a recent 
study from da Silva Almeida et al. (2021), it was found 
that a nontraditional approach to Pilates, with multi-
ple sets, high repetitions, and shorter rest intervals, 
resulted in more significant energy expenditure and 
higher heart rates compared to a traditional Pilates ses-
sion [29]. As a result, many studies do not even men-
tion how exercise intensity was prescribed [29], and the 
outcomes may have been affected or even did not show 
benefits after the exercise training intervention. In 
addition, there is disagreement regarding the different 
methods that should be used regarding the most effi-
cient and safe exercise training prescription for older 
adults.

In summary, within the current literature, there are 
some deficits in reporting exercise characteristics. This 
leads to insufficient information about the potential 
mechanisms of the exercise intervention. Especially 
within a meta-analysis to describe the effect sizes of 
beneficial exercise programs, current quality assess-
ments for RCTs do not ask for or require a clear exercise 
description. Moreover, this area of research is an inter-
disciplinary field including sports and exercise scientists, 
clinical researchers, gerontologists, physiotherapists, 
public health researchers and human movement scien-
tists. Consequently, a comprehensive understanding of 
exercise characteristics might be missing; for instance, 
many clinicians, especially primary care staff, experi-
ence difficulties in prescribing exercise in the presence 
of different concomitant chronic diseases due to a lack of 
expertise, knowledge, and skills [30].

Within the realm of health science, Delphi processes 
function as a methodical and organized approach to 
achieving consensus among a group of experts regard-
ing a specific topic or question. This methodology proves 
invaluable for accessing the combined expertise of pro-
fessionals, facilitating well-informed decision-making, 
and dealing with intricate issues requiring unanimous 
agreement [31]. Its efficacy is especially pronounced in 
scenarios where in-person discussions are impractical, or 
when the amalgamation of diverse viewpoints is neces-
sary to inform the development of policies, guidelines, or 
research priorities.

A standardized checklist consisting of 16 items was 
formulated in a previous Delphi study to ensure accurate 
reporting of exercise programs in clinical trials. However, 
it should be noted that this checklist was not specifically 
tailored for older adults [31]. Moreover, this checklist was 
provided to secure high-quality reporting of future RCTs. 
Specific recommendations on how to deal with miss-
ing reporting of intensity for ongoing meta-analysis was 
missing in this Delphi process [32].
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Therefore, this Delphi survey aimed to collect the opin-
ions of experts with different backgrounds, especially 
in exercise science of a European-funded COST action 
program, “PhysAgeNet”, about exercise intensity in older 
adults and use their judgment to define and classify exer-
cise intensity.

The main research questions are:

•	 Why should training intensity be reported according 
to the expert’s opinion?

a)	 What are the main reasons for reporting exercise 
intensity?

b)	 Which benefits can be gained from reporting 
exercise intensity?

•	 Which exercise would the experts rate as light, mod-
erate, vigorous, and high?

•	 Which recommendation for the description of exer-
cise characteristics for a future gold standard can be 
gained by the expert’s rating?

Materials and methods
Study design
The Delphi survey comprising three rounds of open (first 
and second round) and closed questions (second and 
third round) was conducted following the recommenda-
tions of Trevelyan and Robinson (2015) [33]. Informed 
consent was confirmed by all participants before com-
pleting each questionnaire in accordance with the Dec-
laration of Helsinki (2018). Data collection took place 
between April and June 2023.

Participants
According to recommendations in the literature [33, 34], 
a minimum sample size of at least ten participants is 
required. A maximum was not determined, as we aimed 
to integrate as much expertise as possible.

Inclusion criteria solely comprised expertise in a field 
relevant to exercise science or exercise physiology in 
older adults, such as medicine or human movement sci-
ence. Experts to participate were searched within the 
EU-COST network PhysAgeNet. The main aim of PhysA-
geNet is to establish a sustainable network that will fos-
ter evidence-based research and the practice of physical 
activity in older adults and will enhance the integration 
of innovative ICT solutions based on open data consoli-
dated research information to promote health and reduce 
the burden of inactivity in older adults (https://​physa​
genet.​eu/).

A total of N = 297 international interdisciplinary 
experts from 43 countries were invited to participate via 
email.

Study flow
Potential participants of the COST action received an 
email with a letter of invitation including the content 
and purpose of the study, as well as rules of participa-
tion and the link to access the respective questionnaire. 
Each round of the Delphi survey comprised an online 
questionnaire created in the software “LimeSurvey” 
(LimeSurvey GmbH, Hamburg, Germany). The survey 
tool, LimeSurvey, and the questionnaire’s contents were 
tested and approved by volunteers a priori. The three 
rounds were conducted at intervals of two weeks. Each 
questionnaire was supposed to be completed within one 
week. Afterwards, the results were analyzed and incorpo-
rated in the next round within one week (Fig. 1).

Participants who did not complete the questionnaire 
within four days received a reminder via email to enquire 
about the intention to participate.

Questionnaires
Following the onset of the Delphi process, the current 
predominant comprehension of exercise intensity was 
summarized according to actual guidelines and recom-
mendations (e.g., [27, 28]). Afterwards, the questions 
for the first round were developed. The questionnaire 
was piloted with a small group of experts from exercise 
physiology and exercise science (n = 9) of the EU network 
PhysAgeNet.

First round of the Delphi process
The first Delphi questions included four blocks (see the 
supplemental material for further information) of open 
questions for qualitative analysis:

(1)	 Comprehension of reporting exercise intensity for 
older adults (> 60 years following WHO definition; 
WHO, 2002 [34]) via open questions.

(2)	 Indication of relevant exercises that are rated as 
light, moderate, vigorous, and high intensity.

(3)	 Recommendations to derive or calculate exercise 
intensity if no objective or subjective measurement 
is available as well as to describe the intensity of 
hybrid or multicomponent programs.

(4)	 Recommendations to improve reporting qual-
ity of exercise intervention studies in older adults 
(> 60 years).

After the first round, two additional rounds were 
executed.

https://physagenet.eu/
https://physagenet.eu/
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Second round of the Delphi process
In the second Delphi round, following the separation of 
the exercises according to intensity levels, the experts 
were asked to rate the keywords of light-intensity exer-
cise definitions retrieved from the first Delphi round on 
a 1–10 Likert scale. Clusters with a higher average rat-
ing of M = 8.0 were further summarized into the third 
round.

Here, qualitative answers were also possible if the 
experts missed any aspects. All items that gained a sim-
ple majority (> 50%) and clusters with a higher average 
rating of M = 8.0 were further summarized into the third 
round for the final consensus.

Third round of the Delphi process
The final third round was conducted to gain an overall 
agreement on the recommendations on how to report 
exercise intensity if no objective or subjective measure-
ment was available.

In addition to basing each round’s content on the previ-
ous round’s results to reach a consensus, the ratings from 
round two offered free-text comments to specify and 
clarify ratings or disagreements with the given answers.

The activities were categorized by the expert consen-
sus based on the answers given by the participants. The 
compendium of physical activities [27] was helpful due to 
its well-structured display of METs for different physical 
activities (cf. Table 4). These METs were utilized in cer-
tain inquiries within the Delphi survey.

All experts were invited to be mentioned in the publi-
cation (see acknowledgments).

The first round took approximately 20 min to complete 
the questionnaire, and the second and third rounds could 
have been finished in 10 to 15 min.

Data processing and analysis
According to the nature of a Delphi procedure, quali-
tative (rounds 1 and 2) and quantitative (rounds 2 and 
3) results were extracted from the answers to the ques-
tionnaires. Qualitative results were analyzed accord-
ing to Mayring (2010) [35] by categorizing the content 
to transfer it into closed questions. This categorization 
was done by two of the authors independently (MH and 
BW). The categorization was presented to the two other 
authors (CG and NL). Any disagreement between MH 
and BW was supervised and moderated by CG and NL. 
The quantitative results were descriptively summarized. 

Fig. 1  Study flow and participation
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Participants were categorized by their profession: sports 
and exercise sciences, physiotherapy and rehabilita-
tion, medicine, and others (nursing science, health care 
professionals).

The process of categorization of exercise intensity for 
older adults was made in four steps:

(1)	 Identifying the types of exercise that were named by 
the experts for the categories light, moderate, vigor-
ous, or high (round 1).

(2)	 Summarizing the exercise types and categoriza-
tion aspects in closed questions for the rating of the 
experts via Likert scales (round 2). Clusters with a 
higher average rating of M = 8.0 were further sum-
marized into the third round.

(3)	 Delete answers that did not have more than 50% 
agreement by the experts to present a simple major-
ity (round 3).

(4)	 Summary of additional recommendations for com-
bined or multicomponent exercises as well as bal-
ance and coordination training (round 2 and 3).

Results
Sample characteristics
The response rate for the first round was 33.7%. The 
rate of complete answers from total participation in 
round 1 was 35.5%. The distribution of incomplete and 
complete answers are displayed next to the total par-
ticipation per round and the distribution of professions 
among the participants are presented in Table 1.

In the first round, sixty of a total of ninety-three par-
ticipants included the confirmation of privacy policy; 
thus, valid answers were distributed over the expert 
groups: sports and exercise sciences (n = 22), physi-
otherapy and rehabilitation (n = 16), medicine (n = 13), 
and others (n = 7). A total number of n = 33 participants 
refused to mention their profession. All given answers 
from all three stages were included in the analysis.

Relevance of reporting exercise intensity in exercise 
studies with older adults
In the first round of the Delphi process a total of 416 
qualitative statements were provided from thirteen 
questions. These statements were deduced to a total of 
243 items in the second round. Clusters with a higher 
average rating of M = 8.0 were further summarized into 
the third round, thus 38 items were excluded and 205 
items were retained for the following summary of rea-
sons to consider and report exercise intensity in exer-
cise studies with older adults (cf. Table 2):

Table 1  Participants overview

a Distribution of professions in round 1: Detailed overview of profession 
distribution of complete participant s see appendix (Table 8)

Involvement Participation

Incomplete Complete Total

Round 1 60 33 93

Round 2 34 33 67

Round 3 35 37 72

Distribution of Professionsa

Sports and Exercise Sciences 22 15 22

Physiotherapy and Rehabilitation 16 7 16

Medicine 13 7 13

Others 7 4 7

No profession available 2 0 33

Table 2  Agreement of the reasons and benefits for reporting and analyzing exercise intensity in interventions for older adults

Abbreviations: M Means, SD Standard deviation

Domain Main reasons for reporting and analyzing exercise intensity (% of experts ratings ≥ 7) Average Rating
(M ± SD)

Deductions It is an important term of exercise prescription. (98%) 9.4 ± 1.0
It helps to design loads and progression of an exercise program. (93%) 9.0 ± 1.5
It is a way of measuring dosage. (88%) 8.6 ± 1.7
It helps to facilitate the benefits of exercise. (86%) 8.4 ± 1.6
It provides objective data on the effectiveness of the exercise program. (83%) 8.4 ± 1.7
It increases the quality of knowledge regarding the area of exercise benefits in older adults. (81%) 8.4 ± 1.9

Individualization It helps to design loads and progression of an exercise program. (93%) 9.0 ± 1.5
It helps to control physical adaptations. (91%) 8.6 ± 1.5
It is a critical component especially in age- related decreases in physical performance. (83%) 8.4 ± 1.9
The same criteria do not suit all ages and therefore should be defined. (78%) 7.7 ± 2.4

Safety It helps to prevent any harm or adverse events. (76%) 8.0 ± 2.0
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Categorization of exercise intensity
In Table 3, the suggestions of the first round by all par-
ticipants for the four categories of exercise intensity can 
be found:

In the second Delphi round, the experts were asked 
to rate the keywords of light-intensity exercise defini-
tions retrieved from the first Delphi round on a 1–10 
Likert scale. The finalized keywords for light-intensity 
exercises with average Likert-scale ratings > 7 were 
assessed for agreement in the third Delphi round. The 
same process was performed for the other categoriza-
tions. In total, thirteen questions with twenty rating 
items were given in the second Delphi round, with a 
total item count of n = 243 for the second Delphi round 
and a total item count of n = 205 for the third round. 
For moderate intensity, the items Lifting weights 
(6.5 ± 2.9), Golf (6.4 ± 2.7), Gardening (6.2 ± 2.9), and 
Housework (5.8 ± 2.8) were excluded because they did 
not gain the required rating of the experts. Within 
the vigorous section, the item workout with workout 
video was excluded. Moreover, the answers that did not 
directly follow the questions were excluded. These were 
exercises rated with MET 3.2—4.7, examples by the 
American Heart Association, 60–70% HRmax, 55–60% 
HRmax (7.7 ± 2.5) for moderate intensity and 70–74% 
HRmax (8.9 ± 1.5) and recommendations of the Ameri-
can Heart Association (8.2 ± 2.6) for vigorous intensity. 
Additionally, some experts stated that the intensity 
follows the individual fitness state, which was deleted 
here, because this answer did not match the question. 
However, these suggestions were kept for the overall 
recommendations.

The overall expert rating for the four exercise catego-
ries light, moderate, vigorous, and high can be found in 
Table 4.

There was also a suggestion that high and vigorous 
intensity should be summarized as a unique category 
(89%, 8.4 ± 2.3).

The results of the experts´ suggestions on how to deal 
with combined or multicomponent exercises as well as 
for programs with a progression can be found in Table 5.

For coordination exercises, there was also the sugges-
tion that if the exercise includes stepping, it is moderate 
to vigorous (60%, 6.97 ± 2.6) or an overall considera-
tion of balance and coordination training as ‘moderate’ 
intensity exercise (47%, 6.6 ± 2) with reduced overall 
agreement.)

Recommendations to improve reporting quality 
of exercise intervention studies in older adults (> 60 years) 
and for future meta‑analysis processes
Moreover, experts were asked to give recommendations 
for relevant aspects that will enhance the reporting 

quality of future interventions studies with older adults. 
The results are summarized in Table 6:

In addition to these aspects, the experts recom-
mended using accelerometry or other objective meas-
ures or engagement (80%; 7.7 ± 2.3) to control intensity.

Finally, the experts gave recommendations for 
improving the reporting quality as well as additional 
steps for the conduction of meta-analysis. These results 
are summarized in Table 7.

Discussion
The primary aim of this Delphi process was to consoli-
date expert knowledge about exercise intensity within 
training interventions for older adults. This comprises 
three subgoals: (1) enhance the understanding of the 
importance of reporting detailed exercise character-
istics in the interdisciplinary setting of aging research, 
(2) support future authors of systematic reviews who 
aim to summarize the evidence of exercise interven-
tions, and (3) derive optimal practice recommendations 
for reporting exercise characteristics in future inter-
vention studies.

Importance of reporting exercise intensity
Within this Delphi process, the experts’ opinions on 
the importance of reporting exercise intensity could be 
categorized into three domains: (1) deduction, (2) indi-
vidualization, and (3) safety of the participants.

In terms of deduction and interpretation of study 
results or potential adaptations, the experts high-
lighted the importance of training planning and moni-
toring. These aspects are classical components of 
training load control (e.g., progression), revealed in 
a long tradition of training and exercise physiology 
research [1, 17, 36]. Moreover, the experts claimed the 
relevance of describing and controlling exercise inten-
sity in terms of goal-directed adaptations [37]. Precise 
exercise training prescription necessitates consider-
ing all training components. For instance, according 
to one of the most classical aerobic training principles, 
the duration of exercise training depends on exercise 
intensity. Higher intensity typically means shorter 
duration. Similarly, in resistance exercise, it is advised 
to take at least one day to recover between training 
days during the weekly microcycle [38]. Therefore, all 
the components of exercise training should be pre-
scribed with accuracy.

The second category involves tailoring the exercise 
program to individual needs. Exercise content and 
intensity should align with the health and fitness levels 
of older individuals [39].
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In addition, this tailoring of loads and doses 
enhances older individuals´ safety during exercise and 
might help to avoid adverse events such as overload or 
exhaustion. Even in general physical activity guidelines 
that refer to the public, the intensity of the activity is 
essential and highlighted by scientists. For example, 
physical activity intensity is one of the parameters 
that the updated guidelines on physical activity and 
sedentary behavior of the WHO focused on [40]. For 
instance, for aerobic-related activities, the guidelines 
state, ‘Older adults should do at least 150–300  min 
of moderate-intensity aerobic physical activity; or at 
least 75–150  min of vigorous-intensity aerobic physi-
cal activity; or an equivalent combination of moder-
ate- and vigorous intensity activity throughout the 
week, for substantial health benefits. Taking all into 
account, the experts clearly stated that reporting and 

monitoring exercise intensity in research studies is 
essential in creating personalized exercise programs 
for older adults.

Additionally, the experts stated that reporting and 
analyzing exercise intensity might help prevent poten-
tial harm or adverse events. It is of utmost importance 
that older adults can safely participate in exercise train-
ing programs. Even many older adults who have chronic 
diseases can exercise safely if the training intensity is 
monitored.

Expert categorization of exercise intensity
The majority of the experts categorize the types of exer-
cise according to the common recommendations of exer-
cise description for light, moderate, vigorous, and high 
intensity in the classical literature [27, 28].

Table 4  Categorization of relevant exercises that are rated as light, moderate, vigorous, and high intensity

Abbreviations: HR Heart rate, RPE Rating of perceived exertion, METs Metabolic equivalent of task

Category Description Rating (Mean + SD) Category Description Rating (Mean + SD)

light Exercises that allows easy talking (89%) 8.8 ± 1.8 moderate Exercise that allows steady conversa-
tion (69%)

7.7 ± 2.4

Exercises rated with METs < 3 (82%) 8.4 ± 2.5 Exercises rated with MET 3.1 -6 (89%) 8.4 ± 2.2
Stretching/Flexibility exercises (82%) 8.2 ± 2.4 Nordic walking/uphill walking/group 

walking (78%)
7.7 ± 2.3

Daily life functional activity (82%) 8.2 ± 2.3 Interval training (80%) 7.7 ± 2.4
Walking (< 4.8 km/h) without signifi-
cantly increasing HR (79%)

8.1 ± 2.4 Cycling/Slow cycling (78%) 7.6 ± 2.5

Walking (73%) 7.6 ± 3.0 Water aerobics/Aerobic (72%) 7.6 ± 2.5
Balance Exercises (74%) 7.3 ± 2.8 Dance (81%) 7.6 ± 2.3
Coordination Exercises (70%) 7.2 ± 2.6 Pilates (76%) 7.4 ± 2.5
Slow ball-room dancing (61%) 7.1 ± 2.5 Slow jogging (68%) 7.4 ± 2.8
Slow mind–body exercises like Tai-Chi, 
Qigong, Feldenkrais Yoga, Taijiquan, 
Pilates (65%)

7.0 ± 2.8 Stair climbing (70%) 7.3 ± 2.5

Yoga (58%) 6.7 ± 3.0 Exergaming (63%) 7.0 ± 2.5
vigorous Exercise allows sustain few words (81%) 7.9 ± 2.6 high Not able to talk a few words (72%) 7.6 ± 2.5

Exercises rated with MET 6–9 (84%) 8.4 ± 2.7 METsas classified in literature (78%) 8.1 ± 2.6
Cannot recover breathing, cramping, 
tremors in movement (80%)

7.5 ± 3.1 Cannot be sustained for more than 10 
consecutive minutes (72%)

7.3 ± 2.8

Running/Treadmill running/uphill jog-
ging (86%)

8.5 ± 2.4 High intensity interval training (92%) 8.8 ± 2.2

Power walking (83%) 8.1 ± 2.5 Training with high loads (close to 1-RM) 
(86%)

8.5 ± 2.3

Aerobic dancing (81%) 8.0 ± 2.4 Running (80%) 7.7 ± 2.7
Sport games (soccer, basketball, vol-
leyball) (75%)

7.8 ± 2.5

Climbing (84%) 7.7 ± 2.8
Skiing (80%) 7.6 ± 2.6
Cycling (74%) 7.4 ± 2.4
Weight training (72%) 7.4 ± 2.6
Swimming (72%) 7.4 ± 2.2
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However, a divergence arises for yoga in terms of mind–
body exercises. While experts in exercise science and 
exercise physiology categorize yoga as light, other profes-
sions rated yoga into the moderate intensity category. One 
potential explanation might be that the number of different 
forms of Yoga aggravates the categorization (for a review cf. 
Cramer et al., 2016 [41]). The different forms of Yoga have 
some similar and some divergent content. For example, a 
hatha yoga routine in a study by Clay and colleagues (2005) 

required 14.5% VO2R, which can be considered a very light 
intensity and was significantly lighter than 44.8% VO2R for 
walking at 93.86 m.min(-1) (3.5 mph) [42]. The same classi-
fication as light-intensity exercise was reported in a system-
atic review on yoga [43] as well as for Qigong [44].

Other forms and contents of Yoga (e.g., Asana) require 
more muscle strength for trunk stabilization as well 
as muscle flexibility [45]. Indeed, this might be a more 
demanding form of yoga in comparison to yoga forms 

Table 5  Recommendations to derive or calculate exercise intensity if no objective or subjective measurement is available and to 
describe the intensity of hybrid or multicomponent programs

Abbreviations: HR Heart rate, RPE Rating of perceived exertion, METs Metabolic equivalent of task

Calculation of multimodal or combined exercises Average Rating
(M ± SD)

Weighted average of the different exercise components (86%) 8.5 ± 2.1
The different components of exercise should be treated separately (74%) 7.5 ± 2.4
Classification of exercise intensity for older adults for balance and coordination training
  Looking at the exercise description (if available) and judging based on the pace of the movements and the strength  

requirements (71%)
7.9 ± 2.1

  Consider the categorization given by the authors (66%) 7.3 ± 2.6
  If the exercise includes dual tasking or also has a cognitive distraction or a secondary physical task while practicing  

a balance or coordination task is moderate (66%)
7.1 ± 2.7

  Consider these forms as ‘light’ intensity exercise (60%) 7.0 ± 2.6
Calculate intensity if there is a progression within the program for older adults
  HR, RPE, METs, perceived exertion (91%) 8.7 ± 1.6
  % Delta Change from the original level of training (92%) 8.3 ± 1.9
  Giving the lowest and the highest value and the rate of progressivity (e.g., self-paced, % per week, etc.) (91%) 8.3 ± 1.7
  Use the mean value (71%) 7.9 ± 2.5
  Considering the exercise intensity that was sustained for a higher duration to be used as the exercise intensity for  

the training program (81%)
7.7 ± 2.2

Table 6  Recommendations to improve the reporting quality of exercise intervention studies in older adults (> 60 years)

Abbreviations: HR Heart rate, RPE Rating of perceived exertion, METs Metabolic equivalent of task

Suggestions for high-quality reporting of physical intervention studies with older adults
Describe:

Rating
(M ± SD)

Exercise program modality/FITT principles (type, frequency, duration) (97%) 9.1 ± 1.1
Exercise progression (94%) 9.1 ± 1.2
Volume of training (sets, reps, minutes) (94%) 9.1 ± 1.3
Type of control group (94%) 9.0 ± 1.6
% of HR max/HR reserve (97%) 8.9 ± 1.1
The physical fitness of the target group at baseline (97%) 8.8 ± 1.6
Exercise Intensity (weight, speed, distance) (92%) 8.7 ± 1.4
Resting Time (92%) 8.7 ± 1.5
Methods used to assess exercise intensity (89%) 8.7 ± 1.5
RPE/Fatigue before and after (94%) 8.6 ± 1.5
Intensity changes in different exercise types (85%) 8.5 ± 1.8
Adverse events like injuries (89%) 8.3 ± 1.9
Setting (home based/group) (92%) 8.2 ± 2.0
METs (89%) 8.1 ± 2.5
% Maximal oxygen consumption/intensity at blood lactate threshold (83%) 8.0 ± 2.2
Time of the day (75%) 7.5 ± 2.4
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that mainly include body awareness and breathing exer-
cises, especially for older adults. It is unclear whether 
all professions that are designing training interventions 
for older adults have detailed knowledge about the dif-
ferences within forms of yoga and how these differences 
refer to the intensity of a program.

Comparable results were found for balance and coor-
dination training. While the majority of experts catego-
rized balance and coordination training as light intensity, 
it might be moderate to vigorous if stepping or addi-
tional cognitive demand (e.g., dual-tasking) is included. 
Therefore, it is necessary to briefly define and conduct an 
exercise program in accordance with the baseline level 
of each person, the FITT principles and the control of 
the exercise intensity of an intervention, e.g., by using a 
BORG scale or heart rate monitoring [26].

There were some conflicting results about the categories 
light, moderate, vigorous, and high. Some of the partici-
pants suggested using only three categories: light, moder-
ate, and merging the vigorous and high categories as one 
and calling it ‘high’. As mentioned above, the classical rec-
ommendation separates high intensities into two catego-
ries: a) vigorous and b) high or near maximal to maximal 
[26, 27]. We followed the classical recommendations for 
the high intensities and used four categories. The latest 
separation allows distinguishing studies that use vigorous 
intensity from those that use very high intensity (i.e., high-
intensity interval training). Indeed, high-intensity interval 
training programs can be considered a safe, well-tolerated, 
and beneficial exercise form in older adults [46].

The experts´ recommendations for calculating exercise 
intensity, e.g., for combined exercises or multicomponent 

programs, again showed some contrary aspects. While 
the majority of the experts suggested building a weighted 
average of the components, there was also an enormous 
agreement to use the single components separately. 
Within the literature, multicomponent exercise is classi-
fied as moderate-intensity exercise for sedentary middle-
aged and older adults or those with a maximum exercise 
capacity of 5–7 METs and is classified as low-intensity 
exercise for young people [47]. Following these catego-
rizations, building an average might be most suitable; 
however, both methods seem to be suitable.

Finally, the experts gave some potential advice for 
calculating exercise intensity if there was a progression 
within the PE. These comprise, e.g., the delta changes 
from the original level or use the mean value over the 
whole time (cf. Table  5). However, to allow these cal-
culations, gold standards for exercise conduction (e.g., 
following Hecksteden et al., 2018 [17]) and descriptions 
in interventional studies of older adults are needed.

Recommendations for reporting and controlling exercise 
interventions in older adults
In line with the current state of the art, the experts claim 
to report the exercise characteristics, addressing the FITT 
principles and additional principles of training control (cf. 
Table 6). Moreover, the experts mention some important 
physiological aspects of adaptation mechanisms follow-
ing PE. These are the physical fitness of the target group 
at baseline, resting times, perceived exertion or fatigue 
before and after the PE, or maximal energy consumption 
of the participants. With respect to this specific exercise 
physiology knowledge, it would be helpful to create a list 

Table 7  Recommendations to improve reporting quality of exercise intervention reviews in older adults (> 60 years) 

Abbreviations: METs Metabolic equivalent of task

Domain Recommendations and benefits of reporting and analyzing exercise intensity for systematic reviews and 
meta-analysis (% of Ratings ≥ 7)

Average Rating
(M ± SD)

Moderator The % of subjective or objective maximum (i.e., % of maximum heart rate) should be integrated as a moderator 
for the meta-analysis. (95%)

8.6 ± 1.2

The intensity categories (light, moderate, vigorous, high) should be considered as moderators. (90%) 8.6 ± 1.6
Effects Reviews should look for indication that researchers clearly followed best available evidence such as described 

by American College of Sports Medicine (ACSM) [25], and TIDieR checklist. (90%)
8.5 ± 1.4

The physical fitness at baseline should be integrated as a moderator variable. (90%) 8.4 ± 1.6
Intensity can be one outcome measure to explore the effect of an intervention. (80%) 8.3 ± 2.2

Other 
recommen-
dations

The review authors should reach out to the first author when information (e.g., about intensity) is missing. (78%) 8.2 ± 2.0
An intensity score/scale system should be proposed in order to have a semiquantitative description of the different 
levels of intensity (and their expected effects) e.g., standardized list such as the Compendium of Physical Activities 
[27]. (85%)

8.2 ± 1.9

Studies not reporting intensity levels should also be included in subanalysis (based on frequency, duration, type). 
(85%)

8.1 ± 2.0

All data should be converted to METs for the meta-analysis. (68%) 7.2 ± 2.5
A lack of objective measurements to describe exercise intensity should be mentioned in the quality assessment. (89%) 8.5 ± 2.2
Trust the authors/suggest accepting if they define an intervention e.g., as moderate. (66%) 7.1 ± 2.4
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of minimal requirements that need to be fulfilled if PE is 
conducted for older adults. To enhance the effectiveness 
of exercise interventions, interdisciplinary work in public 
health should be conducted in collaboration with exercise 
science or exercise physiology experts.

Moreover, the experts referred to intensity control 
mechanisms. Exercise intensity can be ruled with various 
methods [20]. Traditionally, heart rate was the most pop-
ular method in terms of exercise intensity prescription of 
aerobic forms of exercise. In such exercise training forms, 
exercise intensity usually prescribed as a percentage 
of maximum heart rate (HRmax) or heart rate reserve 
(HRR) is commonly used when HR is the parameter we 
consider for the intensity indicator.

Other objective methods include the percentage of max-
imal (VO2max)/peak oxygen uptake (VO2peak) or oxygen 
consumption reserve (VO2R), the intensity at aerobic, 
anaerobic, and lactate thresholds, and maximal capac-
ity of exercise (i.e., [26]). The assessment of the above 
parameters requires laboratory assessment (in the case of 
direct evaluation of such parameters) and may not be suit-
able for some older individuals. With regard to subjective 
methods of measuring exercise intensity, the most popu-
lar method is using the Borg Rating of Perceived Exertion 
(RPE) or specific scales for particular diseases. Regarding 
resistance/strength training, the dominant methods are 
1-repetition maximum (1-RM) and RPE [26].

With respect to creating a future meta-analysis, the 
experts suggest that exercise intensity should be inte-
grated as a control variable or moderator of the effec-
tiveness of an intervention. This will allow us to gain 
more insights into potential dose‒response relation-
ships of specific PEs in the future.

Finally, the authors strongly agree with the experts´ rec-
ommendation to integrate the description of exercise char-
acteristics into the quality assessment of systematic reviews 
and meta-analyses. Exercise prescription is not solely 
dependent on intensity, as highlighted in the introduction. 
It emphasizes that a comprehensive approach is required 
when determining the appropriate exercise training regi-
men. However, reporting and understanding the intensity 
of physical activity poses greater challenges compared to 
the other components of the FITT principle, particularly for 
individuals lacking a background in exercise science or exer-
cise physiology. The reporting of the intervention details and 
following at least the FITT principles are as important as the 
common criteria of evidence-based medicine, such as the 
randomization process, to conclude the effectiveness and 
evidence of a PE intervention because it helps to understand 
potential adaptation mechanisms that could have been 
addressed by the PE (cf. also [31]). Moreover, these aspects 
should also be integrated into the common reporting guide-
lines for high-quality intervention studies.

Limitations
In addition to the potential strengths of this Delphi pro-
cess resulting from the significant number of participating 
experts, there are also some limitations. First, it must be 
stated that some of the qualitative answers in the first and 
second rounds showed some problems with the English 
language. According to the anonymous nature of the ques-
tionnaire, the authors of this Delphi study needed to discuss 
some of the answers to clarify the potential content. Moreo-
ver, the language problems also led to some answers that did 
not fit the questions; therefore, these comments needed to 
be deleted. Moreover, many participants were not experts 
in exercise science or exercise physiology (i.e. nursing, phar-
macology, Urban and rural development background etc.; 
cf. Table 8 in the Annex). Nevertheless, we kept the answers 
of all participants because we favor the idea of an interdis-
ciplinary understanding and agreement that might be an 
additional benefit of this Delphi process. Unfortunately, a 
calculation of the stability of the consensus was not foreseen. 
Future studies should plan these measurements in advance. 
Finally, when discussing exercise intensity in older adults, we 
are assuming a generally healthy population, knowing that 
a different approach must be made for special populations 
with performance-limiting pathologies.

Conclusions
Research on physical exercise is an interdisciplinary field 
that includes a variety of different areas of public health. 
This leads to inconsistent reporting of relevant exercise 
characteristics such as intensity.

This study resulted in achieving consensus on three key 
aspects:

(1)	 participating experts of this Delphi survey agreed 
on the importance of reporting exercise intensity 
for the deduction, individualization, and safety of 
older participants within an exercise program.

(2)	 Moreover, this Delphi survey revealed expert agree-
ment on categorizing different exercise types for 
older adults into light, moderate, vigorous, and high 
intensity.

(3)	 Finally, the survey revealed valuable recommenda-
tions for conducting and reporting future exercise 
interventions for older adults.

In summary, the results of the current survey can be 
used to classify the intensity of exercise and suggest a 
practical approach that can be adopted by the scientific 
community and applied when conducting systematic 
reviews and meta-analysis articles when vital and objec-
tive information regarding exercise intensity is lacking 
from the original article.



Page 13 of 15Wollesen et al. European Review of Aging and Physical Activity  (2024) 21:3	

Appendices

Acknowledgements
The authors thank the experts who participated in the study.
Arnadottir, Solveig A. (University of Iceland, Iceland)
Asuako, Piesie Akwasi Gyimah (University of Münster, Germany)
Audiffren, Michel (University of Poitiers, France)
Bandaru, Niharika (Otto Von Guericke University of Magdeburg, Germany)
Catic Dordevic, Aleksandra (University of Niš, Serbia)
Cavlak, Uğur (Biruni University, Turkey)
Gallè, Francesca (University of Naples Parthenope, Napoli, Italy)
Gasimov, Zaur (Research Institute of Cardiology, Azerbaijan)
Giannaki, Christoforos D. (University of Nicosia, Cyprus)
Göksen, Aysenur (Tarsus University, Turkey)
Gomes Ciolac, Emmanuel (São Paulo State University, Brazil)
Karatzaferi, Christina (University of Thessaly, Greece)
Klavina, Aija (Latvian Academy of Sport Education, Latvia)
Lamberti, Nicola (University of Ferrara, Italy)
Langeard, Antoine (Université de Caen, France)
Mack, Melanie (University of Geneva, Germany)
Manfredini, Fabio (University of Ferrara, Italy)
Monteiro Rodrigues, Luis (Research Center for Biosciences and Health Tech-
nologies, Lisboa, Portugal)
Nurković, Rahman (University of Sarajevo, Bosnia and Herzegovina)
Ognen, Sheshoski (Special Hospital for Orthopedic Surgery and Traumatology, 
North Macedonia)
Özünlü Pekyavas, Nihan (Baskent University, Turkey)
Pavlova, Iuliia (Lviv State University of Physical Culture, Ukraine)
Petrosyan, Tigran (Yerevan Haybusak University, Armenia)
Rantanen, Taina (University of Jyväskylä, Finland)
Stavrinou, Pinelopi S. (University of Nicosia, Cyprus)
Tasvuran Horata, Emel (Afyonkarahisar Health Sciences University, Turkey)
Tortosa-Martinez, Juan (Universidad de Alicante, Spain)
Ukropec, Jozef (Biomedical Research Center—Slovak Academy of Sciences, Slovakia)
Voelcker-Rehage, Claudia (University of Münster, Germany)
Yargic, Melda Pelin (Ankara Medipol University, Turkey)
Zijlstra, Wiebren (German Sport University Cologne, Germany

Authors’ contributions
BW was writing the first draft of the manuscript. The conceptualization of the study 
was together NL and CG. MH and BW conducted the analysis with the help of NL. 
All authors were included in the data collection, interpreting the data analyses and 
contributing to the discussion. NL and CG were integrated into the conduction of 
the study and supported the writing process and manuscript editing.

Funding 
Open Access funding enabled and organized by Projekt DEAL. This study was 
not funded from a third party. However, all participants are part of the EU 

COST Action CA20104 – Network on evidence-based physical activity in old 
age (PhysAgeNet), supported by COST (European Cooperation in Science and 
Technology). https://​www.​cost.​eu/​actio​ns/​CA201​04/, https://​physa​genet.​eu/. 
We acknowledge financial support from the Open Access Publication Fund of 
Universität Hamburg.

Availability of data and materials
All relevant data are within the study, and raw data are available on request by 
the corresponding author.

Declarations

Ethical approval and consent to participate
All individuals who met the inclusion criteria were informed about the study 
via email. They were then asked if they would participate in the study and were 
given an informed consent at the beginning of the online questionnaire. Accor-
ing to the nature of the study (online survey) no ethical approval was required.

Consent for publication
All authors have approved the manuscript and agree with its submission to 
“European Review of Aging and Physical Activity”. Material within the manu-
script is not under consideration for publication elsewhere.

Competing interests
The authors declare that the research was conducted without any commercial or 
financial relationships that could be construed as a potential conflict of interest.

Author details
1 Institute of Human Movement Science, University of Hamburg, Hamburg, 
Germany. 2 Department of Neuroscience and Rehabilitation, University of Fer-
rara, Ferrara, Italy. 3 Department of Life Sciences, School of Life and Health 
Sciences, University of Nicosia, Nicosia, Cyprus. 

Received: 28 August 2023   Accepted: 14 January 2024
Published: 2 February 2024

References
	1. 	 Garber, C. E., Blissmer, B., Deschenes, M. R., Franklin, B. A., Lamonte, M. 

J., Lee, I. M., Nieman, D. C., Swain, D. P., & American College of Sports 
Medicine (2011). American College of Sports Medicine position stand. 
Quantity and quality of exercise for developing and maintaining car-
diorespiratory, musculoskeletal, and neuromotor fitness in apparently 

Table 8  Distribution of professions

Sports and Exercise Sciences (n = 15) Physiotherapy and Rehabilitation 
(n = 7)

Medicine (n = 7) Other (n = 4)

- Exercise sciences, exercise physiology 
(n = 3)
- Sports Science (n = 2)
- Exercise and Sport Sciences
- Movement sciences, aging, health, 
Exercise
- Physical education, Sport Sciences
- Psychology, Training science
- Biomechanics, Movement analysis, 
and performance analysis of sports
- Sports, Exercise and Human Performance
- Clinical Exercise Physiology
- Exercise psychology (n = 3)

- Physiotherapy, Rehabilitation (n = 2)
- Physiotherapy, exercise, orthopedic 
rehabilitation
- Physical therapy
- Fall prevention
- Geriatric physical therapy
- integrated physiology of exercise 
and metabolism
- Mobility, epidemiology, aging, walking, 
activity

- Sports Medicine
- Sports Medicine, Dietetics
- Medical Rehabilitation
- Pharmacotherapy
- Cardiovascular physiology
- Preventive Cardiology
- Orthopedic surgeon

- Public Health
- Urban and rural development
- Health care
- Healthy aging

https://www.cost.eu/actions/CA20104/
https://physagenet.eu/


Page 14 of 15Wollesen et al. European Review of Aging and Physical Activity  (2024) 21:3

healthy adults: guidance for prescribing exercise. Med Sci Sports Exerc, 
43(7), 1334–1359. https://​doi.​org/​10.​1249/​MSS.​0b013​e3182​13fefb

	2. 	 Valenzuela PL, Saco-Ledo G, Morales JS, Gallardo-Gómez D, Morales-Pal-
omo F, López-Ortiz S, Rivas-Baeza B, Castillo-García A, Jiménez-Pavón D, 
Santos-Lozano A, Del Pozo Cruz B, Lucia A. Effects of physical exercise on 
physical function in older adults in residential care: a systematic review 
and network meta-analysis of randomised controlled trials. The lancet 
Healthy longevity. 2023;4(6):e247–56. https://​doi.​org/​10.​1016/​S2666-​
7568(23)​00057-0.

	3. 	 Levin O, Netz Y, Ziv G. The beneficial effects of different types of exercise 
interventions on motor and cognitive functions in older age: a systematic 
review. Eur Rev Aging Phys Act. 2017;14:20. https://​doi.​org/​10.​1186/​
s11556-​017-​0189-z.

	4. 	 Chen N, He X, Feng Y, Ainsworth BE, Liu Y. Effects of resistance train-
ing in healthy older people with sarcopenia: a systematic review and 
meta-analysis of randomized controlled trials. Eur Rev Aging Phys Act. 
2021;18(1):23. https://​doi.​org/​10.​1186/​s11556-​021-​00277-7.

	5. 	 Grässler B, Thielmann B, Böckelmann I, Hökelmann A. Effects of different 
exercise interventions on heart rate variability and cardiovascular health 
factors in older adults: a systematic review. Eur Rev Aging Phys Act. 
2021;18(1):24. https://​doi.​org/​10.​1186/​s11556-​021-​00278-6.

	6. 	 Ciumărnean L, Milaciu MV, Negrean V, Orășan OH, Vesa SC, Sălăgean O, 
Iluţ S, Vlaicu SI. Cardiovascular Risk Factors and Physical Activity for the 
Prevention of Cardiovascular Diseases in the Elderly. Int J Environ Res 
Public Health. 2021;19(1):207. https://​doi.​org/​10.​3390/​ijerp​h1901​0207.

	7. 	 Colberg SR, Sigal RJ, Yardley JE, Riddell MC, Dunstan DW, Dempsey PC, 
Horton ES, Castorino K, Tate DF. Physical Activity/Exercise and Diabetes: A 
Position Statement of the American Diabetes Association. Diabetes Care. 
2016;39(11):2065–79. https://​doi.​org/​10.​2337/​dc16-​1728.

	8. 	 Livingston, G., Sommerlad, A., Orgeta, V., Costafreda, S. G., Huntley, J., 
Ames, D., Ballard, C., Banerjee, S., Burns, A., Cohen-Mansfield, J., Cooper, C., 
Fox, N., Gitlin, L. N., Howard, R., Kales, H. C., Larson, E. B., Ritchie, K., Rock-
wood, K., Sampson, E. L., Samus, Q., … Mukadam, N. (2017). Dementia 
prevention, intervention, and care. Lancet (London, England), 390(10113), 
2673–2734. https://​doi.​org/​10.​1016/​S0140-​6736(17)​31363-6

	9. 	 Halldin M, Rosell M, de Faire U, Hellénius ML. The metabolic syndrome: 
prevalence and association to leisure-time and work-related physical 
activity in 60-year-old men and women. Nutr Metab Cardiovasc Dis. 
2007;17(5):349–57. https://​doi.​org/​10.​1016/j.​numecd.​2006.​01.​002.

	10. 	 Schmidt SCE, Tittlbach S, Bös K, Woll A. Different Types of Physical Activity 
and Fitness and Health in Adults: An 18-Year Longitudinal Study. Biomed 
Res Int. 2017;2017:1785217. https://​doi.​org/​10.​1155/​2017/​17852​17.

	11. 	 Caspersen C. J, Powell K. E, Christenson G. M. Physical activity, exercise, 
and physical fitness: definitions and distinctions for health-related 
research. Public Health Rep (Washington, DC : 1974). 1985;100(2):126–31.

	12. 	 Herold F, Müller P, Gronwald T, Müller NG. Dose–response matters! – a 
perspective on the exercise prescription in exercise–cognition research. 
Front Psychol. 2019;10:2338.

	13. 	 Lehtonen E, Gagnon D, Eklund D, Kaseva K, Peltonen JE. Hierarchical 
framework to improve individualised exercise prescription in adults: a 
critical review. BMJ Open Sport Exerc Med. 2022;8(2):e001339. https://​doi.​
org/​10.​1136/​bmjsem-​2022-​001339.

	14. 	 Di Lorito C, Long A, Byrne A, Harwood RH, Gladman JRF, Schneider S, 
Logan P, Bosco A, van der Wardt V. Exercise interventions for older adults: 
A systematic review of meta-analyses. J Sport Health Sci. 2021;10(1):29–
47. https://​doi.​org/​10.​1016/j.​jshs.​2020.​06.​003.

	15. 	 Herrod, P. J. J., Blackwell, J. E. M., Boereboom, C. L., Atherton, P. J., Williams, 
J. P., Lund, J. N., & Phillips, B. E. (2020). The time course of physiological 
adaptations to high-intensity interval training in older adults. Aging 
medicine (Milton (N.S.W)), 3(4), 245–251. https://​doi.​org/​10.​1002/​agm2.​
12127

	16. 	 Rivas-Campo Y, Aibar-Almazán A, Afanador-Restrepo DF, García-Garro PA, 
Vega-Ávila GC, Rodríguez-López C, Castellote-Caballero Y, Carcelén-Fraile 
MDC, Lavilla-Lerma ML. Effects of High-Intensity Functional Training 
(HIFT) on the Functional Capacity, Frailty, and Physical Condition of Older 
Adults with Mild Cognitive Impairment: A Blind Randomized Controlled 
Clinical Trial. Life (Basel, Switzerland). 2023;13(5):1224. https://​doi.​org/​10.​
3390/​life1​30512​24.

	17. 	 Hecksteden, A., Pitsch, W., Rosenberger, F., & Meyer, T. (2018). Repeated 
testing for the assessment of individual response to exercise training. 

Journal of applied physiology (Bethesda, Md. : 1985), 124(6), 1567–1579. 
https://​doi.​org/​10.​1152/​jappl​physi​ol.​00896.​2017

	18. 	 Nebiker, L., Lichtenstein, E., Minghetti, A., Zahner, L., Gerber, M., Faude, O., 
& Donath, L. (2018). Moderating Effects of Exercise Duration and Intensity 
in Neuromuscular vs. Endurance Exercise Interventions for the Treatment 
of Depression: A Meta-Analytical Review. Frontiers in psychiatry, 9, 305. 
https://​doi.​org/​10.​3389/​fpsyt.​2018.​00305

	19. 	 Hofmann P, Tschakert G. Special needs to prescribe exercise intensity for 
scientific studies. Cardiol Res Pract. 2010;2011:209302. https://​doi.​org/​10.​
4061/​2011/​209302.

	20. 	 Mann, T., Lamberts, R. P., & Lambert, M. I. (2013). Methods of prescribing 
relative exercise intensity: physiological and practical considerations. 
Sports medicine (Auckland, N.Z.), 43(7), 613–625. https://​doi.​org/​10.​1007/​
s40279-​013-​0045-x

	21. 	 Awtry, E. H., Gary, E. H. & Balady, J. (2010). Chapter 48 - Exercise and the 
Heart, Editor(s): Glenn N. Levine, Cardiology Secrets (Third Edition), 
Mosby, Pages 311–315, ISBN 9780323045254, https://​doi.​org/​10.​1016/​
B978-​03230​4525-4.​00048-4.

	22. 	 Gonçalves C, Raimundo A, Abreu A, Bravo J. Exercise Intensity in Patients 
with Cardiovascular Diseases: Systematic Review with Meta-Analysis. Int J 
Environ Res Public Health. 2021;18(7):3574. https://​doi.​org/​10.​3390/​ijerp​
h1807​3574.

	23. 	 Izquierdo, M., Merchant, R. A., Morley, J. E., Anker, S. D., Aprahamian, I., Arai, 
H., … Fiatarone Singh, M. (2021). International Exercise Recommenda-
tions in Older Adults (ICFSR): Expert Consensus Guidelines. J Nutr Health 
Aging 25(7), 824–853. https://​doi.​org/​10.​1007/​s12603-​021-​1665-8

	24. 	 Scharhag-Rosenberger F, Meyer T, Gässler N, Faude O, Kindermann W. 
Exercise at given percentages of VO2max: heterogeneous metabolic 
responses between individuals. J Sci Med Sport. 2010;13(1):74–9. https://​
doi.​org/​10.​1016/j.​jsams.​2008.​12.​626.

	25. 	 Zaleski, A. L., Taylor, B. A., Panza, G. A., Wu, Y., Pescatello, L. S., Thompson, 
P. D., & Fernandez, A. B. (2016). Coming of Age: Considerations in the 
Prescription of Exercise for Older Adults. Methodist Debakey Cardiovasc J, 
12(2), 98–104. https://​doi.​org/​10.​14797/​mdcj-​12-2-​98

	26. 	 American College of Sports Medicine. ACSM’s Guidelines for Exercise Test-
ing and Prescription. In: Riebe D, Ehrman JK, Liguori G, Magal M, editors. 
American College of Sports Medicine. 10th ed. Wolters Kluwer; 2018. ISBN 
9781496339072.

	27. 	 Norton K, Norton L, Sadgrove D. Position statement on physical activity 
and exercise intensity terminology. J Sci Med Sport. 2010;13(5):496–502. 
https://​doi.​org/​10.​1016/j.​jsams.​2009.​09.​008.

	28. 	 Ainsworth BE, Haskell WL, Whitt MC, Irwin ML, Swartz AM, Strath SJ, 
O’Brien WL, Bassett DR Jr, Schmitz KH, Emplaincourt PO, Jacobs DR Jr, 
Leon AS. Compendium of physical activities: an update of activity codes 
and MET intensities. Med Sci Sports Exerc. 2000;32(9 Suppl):S498–504. 
https://​doi.​org/​10.​1097/​00005​768-​20000​9001-​00009.

	29. 	 da Silva Almeida, I.d., Andrade, L.d., Mochizuki, L., et al. Effect of three 
different Pilates sessions on energy expenditure and aerobic metabolism 
in healthy females. Sport Sciences for Health. 2021;17:223–31. https://​doi.​
org/​10.​1007/​s11332-​020-​00676-w.

	30. 	 Sun T, Xu Y, Xie H, Ma Z, Wang Y. Intelligent Personalized Exercise 
Prescription Based on an eHealth Promotion System to Improve Health 
Outcomes of Middle-Aged and Older Adult Community Dwellers: 
Pretest-Posttest Study. J Med Internet Res. 2021;23(5):e28221. https://​doi.​
org/​10.​2196/​28221.

	31. 	 Spranger J, Homberg A, Sonnberger M, Niederberger M. Reporting 
guidelines for Delphi techniques in health sciences: A methodological 
review. Zeitschrift fur Evidenz, Fortbildung und Qualitat im Gesund-
heitswesen. 2022;172:1–11. https://​doi.​org/​10.​1016/j.​zefq.​2022.​04.​025.

	32. 	 Slade SC, Dionne CE, Underwood M, Buchbinder R, Beck B, Bennell K, ... 
& White C. Consensus on exercise reporting template (CERT): modified 
Delphi study. Physical therapy.  2016; 96(10):1514–1524.

	33. 	 Trevelyan EG, Robinson N. Delphi methodology in health research: how to 
do it? Eur J Integr Med. 2015;7(4):423–8. https://​doi.​org/​10.​1016/J.​EUJIM.​2015.​
07.​002.

	34. 	 Skulmoski GJ, Hartman FT, Krahn J. The Delphi method for graduate 
research. J Inf Technol Educ Res. 2007;6(1):1–21. https://​doi.​org/​10.​28945/​
199.

	35. 	 Mayring P. Qualitative Inhaltsanalyse. In: Mey G, Mruck K, editors. Hand-
buch Qualitative Forschung in der Psychologie. Wiesbaden: VS Verlag für 
Sozialwissenschaften; 2010. p. 601–13.

https://doi.org/10.1249/MSS.0b013e318213fefb
https://doi.org/10.1016/S2666-7568(23)00057-0
https://doi.org/10.1016/S2666-7568(23)00057-0
https://doi.org/10.1186/s11556-017-0189-z
https://doi.org/10.1186/s11556-017-0189-z
https://doi.org/10.1186/s11556-021-00277-7
https://doi.org/10.1186/s11556-021-00278-6
https://doi.org/10.3390/ijerph19010207
https://doi.org/10.2337/dc16-1728
https://doi.org/10.1016/S0140-6736(17)31363-6
https://doi.org/10.1016/j.numecd.2006.01.002
https://doi.org/10.1155/2017/1785217
https://doi.org/10.1136/bmjsem-2022-001339
https://doi.org/10.1136/bmjsem-2022-001339
https://doi.org/10.1016/j.jshs.2020.06.003
https://doi.org/10.1002/agm2.12127
https://doi.org/10.1002/agm2.12127
https://doi.org/10.3390/life13051224
https://doi.org/10.3390/life13051224
https://doi.org/10.1152/japplphysiol.00896.2017
https://doi.org/10.3389/fpsyt.2018.00305
https://doi.org/10.4061/2011/209302
https://doi.org/10.4061/2011/209302
https://doi.org/10.1007/s40279-013-0045-x
https://doi.org/10.1007/s40279-013-0045-x
https://doi.org/10.1016/B978-032304525-4.00048-4
https://doi.org/10.1016/B978-032304525-4.00048-4
https://doi.org/10.3390/ijerph18073574
https://doi.org/10.3390/ijerph18073574
https://doi.org/10.1007/s12603-021-1665-8
https://doi.org/10.1016/j.jsams.2008.12.626
https://doi.org/10.1016/j.jsams.2008.12.626
https://doi.org/10.14797/mdcj-12-2-98
https://doi.org/10.1016/j.jsams.2009.09.008
https://doi.org/10.1097/00005768-200009001-00009
https://doi.org/10.1007/s11332-020-00676-w
https://doi.org/10.1007/s11332-020-00676-w
https://doi.org/10.2196/28221
https://doi.org/10.2196/28221
https://doi.org/10.1016/j.zefq.2022.04.025
https://doi.org/10.1016/J.EUJIM.2015.07.002
https://doi.org/10.1016/J.EUJIM.2015.07.002
https://doi.org/10.28945/199
https://doi.org/10.28945/199


Page 15 of 15Wollesen et al. European Review of Aging and Physical Activity  (2024) 21:3	

	36. 	 Erickson KI, Hillman C, Stillman CM, Ballard RM, Bloodgood B, Conroy 
DE, Macko R, Marquez DX, Petruzzello SJ, Powell KE. Physical activity, 
cognition, and brain outcomes: A review of the 2018 physical activity 
guidelines. Med Sci Sports Exerc. 2019;51(6):1242–51. https://​doi.​org/​10.​
1249/​MSS.​00000​00000​001936.

	37. 	 MacInnis MJ, Gibala MJ. Physiological adaptations to interval training and 
the role of exercise intensity. J Physiol. 2017;595(9):2915–30.

	38. 	 Wilmore JH, Costill DL. Physiology of sport and exercise. 2nd ed. USA: 
Human Kinetics; 1999.

	39. 	 Li G, Li X, Chen L. Personally tailored exercises for improving physical 
outcomes for older adults in the community: A systematic review. Arch 
Gerontol Geriatr. 2022;101:104707.

	40. 	 Bull, F. C., Al-Ansari, S. S., Biddle, S., Borodulin, K., Buman, M. P., Cardon, G., 
Carty, C., Chaput, J. P., Chastin, S., Chou, R., Dempsey, P. C., DiPietro, L., Eke-
lund, U., Firth, J., Friedenreich, C. M., Garcia, L., Gichu, M., Jago, R., Katzmar-
zyk, P. T., Lambert, E., … Willumsen, J. F. (2020). World Health Organization 
2020 guidelines on physical activity and sedentary behavior. Br J Sports 
Med, 54(24), 1451–1462. https://​doi.​org/​10.​1136/​bjspo​rts-​2020-​102955

	41. 	 Cramer H, Lauche R, Langhorst J, Dobos G. Is one yoga style better than 
another? A systematic review of associations of yoga style and conclu-
sions in randomized yoga trials. Complement Ther Med. 2016;25:178–87.

	42. 	 Clay CC, Lloyd LK, Walker JL, Sharp KR, Pankey RB. The metabolic cost of 
hatha yoga. J Strength Cond Res. 2005;19(3):604–10. https://​doi.​org/​10.​
1519/​15144.1.

	43. 	 Larson-Meyer DE. A Systematic Review of the Energy Cost and Metabolic 
Intensity of Yoga. Med Sci Sports Exerc. 2016;48(8):1558–69. https://​doi.​
org/​10.​1249/​MSS.​00000​00000​000922.

	44. 	 Ladawan S, Burtscher M, Wannanon P, Leelayuwat N. The intensity of 
Qigong exercise. J Exerc Physiol Online. 2018;21(2):100–15.

	45. 	 Ni M, Mooney K, Balachandran A, Richards L, Harriell K, Signorile JF. 
Muscle utilization patterns vary by skill levels of the practitioners across 
specific yoga poses (asanas). Complement Ther Med. 2014;22(4):662–9.

	46. 	 Marriott, C. F. S., Petrella, A. F. M., Marriott, E. C. S., Boa Sorte Silva, N. C., 
& Petrella, R. J. (2021). High-Intensity Interval Training in Older Adults: a 
Scoping Review. Sports medicine - open, 7(1), 49.https://​doi.​org/​10.​1186/​
s40798-​021-​00344-4

	47. 	 Hu P, Zhang W, Ripley-Gonzalez JW, Xie K, Gong X, Cao Z, Shen Y, You B, 
Dun Y, Liu S. Exercise intensity and energy expenditure of a multicom-
ponent home-based training program: Xiangya hospital circuit training 
(X-CircuiT). Front Public Health. 2022;10:909766. https://​doi.​org/​10.​3389/​
fpubh.​2022.​909766.

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

https://doi.org/10.1249/MSS.0000000000001936
https://doi.org/10.1249/MSS.0000000000001936
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.1519/15144.1
https://doi.org/10.1519/15144.1
https://doi.org/10.1249/MSS.0000000000000922
https://doi.org/10.1249/MSS.0000000000000922
https://doi.org/10.1186/s40798-021-00344-4
https://doi.org/10.1186/s40798-021-00344-4
https://doi.org/10.3389/fpubh.2022.909766
https://doi.org/10.3389/fpubh.2022.909766

	Defining and reporting exercise intensity in interventions for older adults: a modified Delphi process
	Abstract 
	Background 
	Methods 
	Results 
	Discussion and implications 

	Highlights 
	Introduction
	Materials and methods
	Study design
	Participants
	Study flow
	Questionnaires
	First round of the Delphi process
	Second round of the Delphi process
	Third round of the Delphi process
	Data processing and analysis

	Results
	Sample characteristics
	Relevance of reporting exercise intensity in exercise studies with older adults
	Categorization of exercise intensity
	Recommendations to improve reporting quality of exercise intervention studies in older adults (> 60 years) and for future meta-analysis processes

	Discussion
	Importance of reporting exercise intensity
	Expert categorization of exercise intensity
	Recommendations for reporting and controlling exercise interventions in older adults
	Limitations

	Conclusions
	Appendices
	Acknowledgements
	References


