Review Article

Assessment of physical activity in epidemiological studies:
Are questionnaires obsolete in the era of accelerometry?

Erfassung korperlicher Aktivitat in epidemiologischen Studien: Sind

Fragebogen uberholt im Zeitalter der Akzelerometrie?

Abstract

Background: The rapid development in technology promotes the increas-
ing use of electronic activity monitors to assess physical activity in large-
scale epidemiological studies. Our aim was to explore and discuss both
subjective and objective methods assessing physical activity.
Methods: Based on a thorough literature search, major strengths and
limitations of questionnaires and electronic activity monitors in assessing
physical activity are elaborated and discussed, taking into consideration
physical activity in all its complexity. Important research questions and
the aim and scope of physical activity assessment for next-generation
research are defined.

Results: Questionnaires can provide details and background information
of physical activity, including type of activity, and can identify the activity
behaviour patterns that underlie measurable endpoints such as energy
expenditure, cardiorespiratory fitness, muscular strength, or certain
biomarkers. They can differentiate well between settings and enable
retrospective assessment. Electronic activity monitors, on the other
hand, are rapidly becoming better at assessing energy expenditure and
are good at quantifying the amount and intensity of physical activity
and sedentary behaviour. Both methods, however, also have their
weaknesses. While questionnaires may not be accurate, due to recall
bias or incomplete assessment of all activity domains, electronic activity
monitors are not able to provide information about setting, exact type
and mode of activity, and cannot recognize and reliably assess resist-
ance exercise or activities with or without carrying weights.
Conclusions: Since physical activity is multidimensional and complex,
no single method is suitable to capture all aspects and domains. Both
methods have their strengths and limitations and do not compete with
each other, but should be seen as complementary tools that assess
distinct aspects of physical activity. Studies should therefore rely on
both methods to enable improved public health recommendations for
this complex lifestyle factor.

Keywords: questionnaire, accelerometer, epidemiology, reliability,
validity, physical activity

Zusammenfassung

Hintergrund: Der rasante technologische Fortschritt hat den verstarkten
Einsatz elektronischer Aktivitatsmessgerate zur Erfassung korperlicher
Aktivitat in groBangelegten epidemiologischen Studien geférdert. Ziel
dieses Artikels war die Erforschung und Diskussion von sowohl subjek-
tiven als auch objektiven Messmethoden kérperlicher Aktivitat.

Methoden: Basierend auf einer umfangreichen Literaturrecherche und
unter Berucksichtigung der Komplexitat von korperlicher Aktivitat wurden
die wichtigsten Starken und Schwéachen von Fragebgen und elektroni-
schen Aktivitdtsmessgeraten ausgearbeitet und erdrtert. Des Weiteren
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wurden wichtige Forschungsfragen sowie Ziele und Umfang zuklinftiger
Aktivitatserfassungen definiert.

Ergebnisse: Fragebdgen ermoglichen die Erfassung detaillierter und
kontextbezogener Informationen Uber die Art der Aktivitat und erlauben
die Identifizierung von Aktivitatsmustern, die messbaren Gréfien, wie
Energieverbrauch, kardiorespiratorischer Fitness, Muskelstarke oder
Biomarkern, zugrunde liegen. Sie kbnnen zudem gut zwischen Settings
unterscheiden und gestatten eine retrospektive Erfassung. Im Vergleich
dazu ermdglichen elektronische Aktivitdtsmessgerate eine immer bes-
sere Erfassung und Quantifizierung des Energieumsatzes sowie der
Dauer und Intensitat korperlicher Aktivitat und sitzenden Verhaltens.
Beide Methoden haben jedoch auch ihre Schwachen. Wahrend die
Genauigkeit von Fragebdgen dem Erinnerungsbias und einer méglicher-
weise unvollstandigen Erfassung aller Aktivitatsbereiche unterliegt,
kénnen elektronische Aktivitatsmessgerate keine Informationen zur
genauen Art oder dem Setting der Aktivitat liefern. Zudem werden
Krafttraining und Aktivitdten mit verschiedenen Anstrengungen (z.B.
Gehen mit oder ohne Gepack) unzuverlassig erfasst.
Schlussfolgerung: Korperliche Aktivitat ist ein mehrdimensionales und
komplexes Verhalten. Es gibt keine Methode, die alleinstehend alle
Aspekte und Bereiche korperlicher Aktivitat hinreichend erfasst. Beide
Methoden haben ihre Starken und Schwachen und erfassen verschie-
dene Aspekte von korperlicher Aktivitat. Somit konkurrieren sie nicht
miteinander, sondern sind als komplementare Erhebungsinstrumente
zu sehen. Zuklnftige Studien sollten sich bei der Erfassung dieses
komplexen Lebensstilfaktors auf beide Methoden stitzen, um verbes-
serte gesundheitsfordernde Empfehlung zu erméglichen.

Schllisselworter: Fragebogen, Akzelerometer, Epidemiologie, Reliabilitat,
Validitat, korperliche Aktivitat

Introduction

Questionnaires have been the undisputed instrument in
assessing physical activity (PA) for several decades [1],
[2], [3], [4]. They have provided the basis for most of the
currently available knowledge on the association between
PA and numerous diseases (e.g. cardiovascular diseases,
diabetes, colon cancer, post-menopausal breast cancer,
osteoporosis, and dementia). Further methods used for
the assessment of PA include doubly labelled water, dir-
ect/indirect calorimetry, accelerometry (1-3 axial), heart
rate monitoring (HRM), combined heart rate and acceler-
ometry devices, pedometers, PA diaries/logs, and direct
observations.

Numerous improvements in technology over the last
decade have enhanced the applicability of electronic
activity monitors (EAMs) and increased their implement-
ation in large-scale epidemiological studies [5], [6], [7],
[8], [9], [10], [14], [12], [13]. EAMS include common ac-
celerometry devices that are able to measure the accel-
eration of a person as well as multi-functional devices
which additionally measure heart rate. Due to the limita-
tions inherent in using questionnaires, such as recall bias
and self-reporting [14], [15], [16], their application has
been increasingly questioned in the recent past.

The aim of this paper is to discuss the major strengths
and limitations of EAMs versus questionnaires in assess-
ing PAin (large-scale) epidemiological studies of free-living

populations. Important future research questions will be
highlighted and it will be argued that the aim and scope
of PA assessment need to be redefined for next-genera-
tion research. This will lead to the discussion on how PA
might be best assessed in order to tap the full potential
of this complex lifestyle factor in improving individual and
public health.

Methods

Literature searches were conducted in PubMed. Search

”ou

terms included “physical activity assessment”, “acceler-

" u "

ometer/accelerometry”, “questionnaire”, “subjective/ob-
jective measurement methods”, “motion sensor”. These
were additionally combined with “validity AND ...” or “reli-
ability AND ...”. Furthermore, a manual literature search,
based on the 'snowball' principle, was conducted in indi-
vidual literature lists. From the identified literature
strength and limitations, and practical and feasibility is-
sues of the different PA assessment methods were ex-
tracted, summarized and critically discussed.
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General aspects of physical activity
assessment

Physical activity is a complex and multidimensional beha-
viour that can be subdivided into a number of dimensions,
such as frequency, duration, intensity, and type of activity,
as well as various domains (e.g. occupation, household,
locomotion, leisure time, or sports). In the past decades
and especially in the current era of accelerometry, it has,
however, become common to focus more on overall or
average time spent physically active [17], [18], [19]. This
makes it difficult to differentiate between vigorous exer-
cise once a week followed by sedentariness the rest of
the week and regular moderate PA such as cycling to
work. It is furthermore difficult to assess seasonal differ-
ences or irregular behaviour such as occasional vigorous
running or mountain biking. Yet different PA patterns
might have different health effects, even if the resulting
overall energy expenditure (EE) is similar.

It is still unclear which type, intensity, and temporal pat-
tern of activity is most beneficial to health [18], [20], [21].
Thus, the scientific basis for current recommendations
(e.g. the WHO’s “Global Recommendations on Physical
Activity for Health” in 2010 or the CDC’s “Be Active Your
Way: A Guide for Adults” in 2008) is limited. Systematic
investigations of health benefits from different activity
patterns are lacking. In most prospective observational
studies people were generally asked about the total or
average amount of PA performed over a specific time
period (e.g. EPIC study, Nurses’ Health Study, MONICA
Project). This impedes a precise differentiation between
activities conducted in a single, long session versus those
conducted in multiple short sessions spread over the day
or throughout the week. It is unclear whether there is a
relationship between the duration of structured exercise
sessions and fitness responses, when total volume is
held constant, especially for PA with vigorous intensity
[21]. The effect of irregular or acute periods of exhaustive
activity may differ from the effect of constant training or
an overall active lifestyle, which is why aim and scope of
PA assessment must be redefined. Without detailed in-
vestigation on the effects of different PA patterns, it will
remain difficult to give concrete public health recommen-
dations.

Electronic activity monitors

The following section will present the main strengths and
limitations of EAMs, such as accelerometers, and a
combination of accelerometers and HRMs. Accelerome-
ters measure the acceleration of a person in up to three
axes. Signals are summarized as activity counts or vector
magnitude units and can also be transformed into an
estimate of EE by using one of a variety of algorithms
[22]. A combination of such devices with electrocardio-
graphy electrodes offers the additional information of
heart rate. An overview of the main facts and key attri-

butes of both methods are summarised in Table 1 and
Table 2.

Accelerometers

Strengths

Accelerometers play an increasingly important role in the
assessment of PA, especially in documenting the pattern
of light, moderate-, and vigorous-intensity activity
throughout the day [3]. Today’s devices provide estimates
of EE as well as the amount, frequency, intensity, and
duration of body movements. The collection of these data
causes minimal restrictions to the person [2], [23] and
allows precisely timed measurements [14], [24]. A num-
ber of devices are also able to assess some activities that
have proved to be difficult to measure by questionnaires.
This has been shown regarding walking-EE in free-living
subjects [25], [26], [27] and regarding a number of
activities including sitting, standing, housework, and
walking on a treadmill [28]. Some newer devices (e.g. the
ActiGraph GT3X) allow the measurement of further spe-
cific activities with the help of body position, such as sit-
ting, standing, lying down, or non-wear time [29].

For epidemiology, the ability to measure routine, moderate
activities is most important [24], as well as to differentiate
between ,sedentary behaviour” and activity conducted
with light, moderate, or vigorous intensity. Accelerometers
can not only assess free-living activities, which can cause
health benefits similar to structured exercise, but also
differentiate between activities such as walking or running
and provide information on varying intensity levels. A
number of newer devices are also able to distinguish
sedentary activity from not wearing the monitor. An addi-
tional advantage is that there is a body of literature on
the validity and reliability of accelerometers using the
cantilever beam technology [14]. A current study by Van
Remoortel et al. [22], comparing six state-of-the-art
piezoelectric accelerometers to indirect calorimetry,
showed good results regarding their validity for everyday
tasks such as walking, stair climbing, sweeping the floor,
etc. However, only correlations were calculated (minute-
by-minute correlations: r=0.73-0.82; mean correlations:
r=0.45-0.76). Measures of agreement (Bland Altman
Analyses) were not possible, as not all devices could
convert their outcome into EE. Additionally, the study was
conducted in a laboratory setting, which reduces its gen-
eralisability.

Due to numerous improvements over the past years ac-
celerometers have become cheaper, smaller, lighter, with
improved battery performance as well as memory capa-
city, and are now quite user-friendly. They have also im-
proved in evaluating data due to enhanced statistical
methods such as better algorithms [30], artificial neural
networks [31], [32], [33], the Gaussian Process [34], and
branched equation modelling [35].

These are good reasons for their use in large-scale obser-
vational cohort studies. There are, however, also a num-
ber of limitations.
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Table 1: Overview of the main facts regarding aspects of physical activity assessment
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Table 2: Key attributes of the individual assessment methods

Assessment method Questionnaire Accelerometry Combined heart rate

device and movement sensor

Assessment of...

energy expenditure X ++ 4
type of activity
1. endurance training +++ +++ by
2. resistance training +++ X +
physical activity pattern
1. for a short period ++ ++ ++
2. for along period ++ X X
past activity +++ X X
inactivity X +++ 4+
settings +++ X X
Practical issues
objective X +++ +++
non-reactive* +++ ++ ++
easy to use +++ ++ ++
feasible for large-scale studies +++ ++ +

X=poor; +=acceptable; ++=good; +++=excellent

* relates to the influence a method has on the individual behaviour due to the measurement process

Limitations

One crucial limitation of current accelerometers is their
inability to assess PA for a longer period of time (several
months up to a year) due to technical and practical
reasons. This prohibits the assessment of long-term pat-
terns, seasonal changes, or irregular (e.g. weather-de-
pendent) activities, and the selected wearing period may
not be representative for the usual activity. Most import-
antly, it is still not possible to truly detect contextual in-
formation which includes insight about the type of activity,
such as soccer and gymnastics, as well as information
about the behavioural setting within which participants
engage in a given behaviour (e.g., at home or work, sitting
in a car) [36]. Although some devices claim to have very
good algorithms for predicting PA already, they are also
still not able to assess certain basic or everyday beha-
viour, such as walking on an incline, carrying loads, res-
istance exercise, cycling, upper body movement [1], [5],
[6], [14], [22], [23], [24], [25], or swimming [9], which
can result in an underestimation of EE.

The preferred location of the sensor on the body depends
on the participant, the device, and the research question.
With devices for the waist, wrist, ankle or thigh, there are
many possibilities to choose from. It must also be taken
into consideration that participants have varying move-
ment patterns. Whereas children are very active, running
and jumping a lot, older people perform more sedentary
activities. For this reason children might be better off with
a waist accelerometer, whereas PA in older people might
be underestimated using such a location/device. How-
ever, the most common location is the waist [1], [14].
This complicates the assessment for large-scale studies,
which often include a wide range of age groups (e.g. the
German National Cohort with an age range from 20-69).
According to Strath et al. [37], careful consideration is

needed when certain populations, such as children, older
adults or participants with functional limitations, are to
be observed by objective monitoring methods. These
methods are not “one-size-fits-all”.

Although a number of new devices no longer needs to be
tested and calibrated, for many devices this procedure
is still unavoidable to ensure proper functioning, espe-
cially when using a cantilever beam [14]. Even when
devices are maintained and handled properly, real-life
problems such as software/hardware malfunctioning or
external circumstances (e.g. extreme temperatures) might
influence the device in a way that alters data or even
makes them useless [38], [39].

Another major limitation of EAMs is the frequently ob-
served fact that participants are influenced by the
awareness that they are being monitored. This can lead
to a more socially acceptable behaviour, such as being
more active than usual [25], [40], [41], [42].

Regarding the evaluation of the collected data there are
major differences within or between models and the al-
gorithms used. This complicates the comparison of results
from different devices and may lead to unreliable data.
Furthermore, industry standards are still lacking to-date
[1], [5], [16], [37]. Although newer devices as well as new
software are quite easy to use, it still requires some skKill
and experience to process and interpret the large amount
of raw data correctly.

Cut points, as well as counts, are still quite arbitrary units.
For sedentary activities cut points range from 100 to 800
counts per minute and variability is even larger for mod-
erate intensity activities, ranging from 1,900 to 8,200
counts per minute [1], [43], [44], [45], [46]. Additionally,
it is still unclear whether the same cut points that were
derived from healthy adults can be applied to populations
with functional limitations [37] and are applicable for all
age groups [5].
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New data processing techniques allow the collection of
raw data and could enable researchers to successfully
identify activity types [47]. However, such methods are
still limited and there is a huge difference between the
identification of laboratory-based or free-living activities.
Applying laboratory-based equations or thresholds to
everyday life settings can lead to systematic errors [48],
[49], [50]. Although a large number of algorithms are
already available, it is still difficult to determine which
one is most precise [31].

Another point that must be considered, especially in large-
scale epidemiological studies, is the comparability of data
over a longer period of time. Cohort studies are usually
conducted over decades. However, unless a study uses
only one specific model (and only one model version) over
this period of time, there is no guarantee that the derived
data is comparable. According to Intille et al. [51], few
measurement devices in use today will be on the market
10 years from now (in an identical form). It therefore
cannot be guaranteed that data collected by newer
devices will be comparable with previously collected data.
However, the support of old data is very important for
long-term studies.

Finally, there are also higher costs and logistical demands
associated with implementing objective measures in
large-scale studies [5], [36]. Devices have to be prepared
by researchers (charged, handed out, collected, etc.) and
participants have to meet the researcher, get instructions,
keep a diary, and remember to take it off if it is not water-
proof.

Combination of accelerometer and heart
rate monitor

Strengths

A combination of accelerometer and HRM provides more
accurate data on PA. This is due to a combination of the
advantages of each device, which negates some of the
disadvantages of each method used alone, as well as the
fact that measurement errors are not correlated [1], [35],
[52]. Specific activities such as cycling, walking up or
down-hill, carrying weights, upper-body work, etc., which
cannot be assessed by accelerometer alone, become
measurable with the addition of an HRM [53], [54]. While
accelerometers have difficulties recognizing non-wearing
time, HRMs are able to verify whether the device is worn
by detecting a heartbeat. On the other hand, while HRMs
have difficulties in measuring the EE at lower intensities,
accelerometers are most accurate at that level of activity
[11.

Combined devices are reliable and valid for walking and
running, which could be verified for the Actiheart device
in adults and children. Other free-living activities are,
however, still difficult to measure [53], [55]. A study
conducted by Crouter et al. [56] evaluated activity energy
expenditure (AEE) of the Actiheart device during
18 structured activities (washing dishes, stationary cyc-
ling, etc.) and found similar estimates of AEE compared

to a portable metabolic system (Cosmed K4b2) measuring
oxygen consumption (VO2).

Single-piece devices are waterproof [57] and represent
a reasonably low encumbrance for the user [1], especially
when compared to two separate devices.

Limitations

For a number of reasons, combined devices are not
feasible for large-scale studies. First of all, they are usually
in a higher price range (e.g. the Actiheart costs about
1000,- €) [58]. As electrodes must be attached to the
body, study participants often suffer from skin reactions
or refuse to wear the pads for a longer time, even though
some study centres use a special user-friendly type in-
stead of the standard self-adhesive electrocardiogram
pads. Depending on the device, it can also take some
effort to attach and calibrate the device correctly. Where
it is not possible to implement a single-piece device such
as the Actiheart, participants must bear the encumbrance
of wearing two devices.

Despite the advantage of having raw data, it is a challenge
to analyse these large data sets [1], limiting its use to
smaller studies [56]. The difficulty of cleaning and inter-
preting the data in the right way might require expert
guidance in this measurement method and enough
computing power to carry out the calculations in reason-
able time.

It should also be taken into consideration that the use of
combination devices in free-living activities often produces
different kinds of measurement noises, which are still
quite difficult to avoid [34]. For some devices (e.g. Acti-
heart), a waterproof sticking plaster can be used to re-
duce noise during swimming [59]. However, study parti-
cipants must keep this in mind, which again constitutes
an annoyance.

Combined devices may influence the activity behaviour
of a participant even more than a single accelerometer.
Especially if the device is located at the wrist or unpleas-
ant to wear (e.g. due to itching), awareness of being
monitored might be high. Additionally, discomfort due to
the device may increase non-wearing time.

Questionnaires

In the following section, the main strengths and limitations
of questionnaires will be presented. In contrast to EAMs,
questionnaires can assess characteristics of PA that took
place in the past [60]. Depending on focus, length, and
detail, they can also assess various information on
physical activity/inactivity in the present and do not have
to focus only on EE. An overview of the main facts and a
summary of the key attributes of this method can be
found in Table 1 and Table 2.
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Strengths

A general and well-known advantage of PA assessment
by questionnaire is the cost effectiveness, user-friendli-
ness, and suitability for large-scale epidemiological
studies [2], [16], [61], [62]. Data collection is less time-
consuming than in other measurement methods, as it
takes study participants only minutes to fill out the
questionnaire, compared to objective measurements
methods, which need time to be fixated and maintained
and then must be worn for at least 7 days [16]. There is
also no need for expensive equipment and its mainten-
ance.

A major advantage of questionnaires is the ability to as-
sess (long-term) behaviour patterns and to differentiate
between types of PA [16] which up until now is not pos-
sible with the objective measurement methods mentioned
above. They also enable a profounder qualitative assess-
ment of physical activity as well as of inactivity, and can
distinguish between important domains, such as, e.g.
occupation, household, locomotion, leisure time, or sports
[1], [19], [62], [63], [64], [65], [66]. They furthermore
allow us to shed light on past activities and motives to
be physically active/inactive, both not assessable with
electronic devices.

Asking different kinds of questions provides a more de-
tailed picture of the participants’ PA, including, besides
activity patterns, also the behavioural setting within which
participants engage in a given behaviour, environmental
factors influencing activity, as well as their motivation
and preferences. The results enable researchers to give
more concrete public health recommendations and to
identify important targets for health interventions, both
necessary in the fight against inactivity.

Asking direct questions also helps to verify the data par-
ticipants deliver. Missing or implausible data can be
queried and corrected, and plausibility checks can be
conducted using questions of control, which is not pos-
sible with accelerometers.

With the rise of computer-based questionnaires, this
method can now be administered in a more user-friendly
manner. According to Warren et al. [1], an electronic
questionnaire can be standardised but remains at the
same time flexible enough to offer explanatory material,
prompts, error corrections, menus, branches and skips.
Compared to objective measurement methods, the input
is corrected in real-time, thus eliminating coding errors
and offering the possibility of immediate scoring, report-
ing, and interpretation of results. Growing computer net-
works and the availability of the internet facilitate the
participation of numerous individuals at the same time
with minimum additional costs.

Limitations

The major limitation of the questionnaire is that the col-
lected information is in general subjective and prone to
recall bias [14], [15], [63]. Answers might be influenced
by social desirability or cultural factors [46], [63], [67],

[68]. Many questionnaires are designed for a wide age
group, with the risk of inaccuracy when used in a younger
or older population, particularly due to the underestima-
tion of the performance of light and moderate intensity
activities [5], [40], [69], [70]. PA assessment of younger
and older groups in general is not easy: children usually
have irregular activity patterns, which results in short
rather than more sustained periods of activity [1], [71];
older people might be influenced by fluctuations in health
status and mood, depression, anxiety or cognitive ability
[15], or by problems with memory and cognition [72],
[73].

A further disadvantage of questionnaires is their low reli-
ability and validity measuring EE. According to a recently
published review by Helmerhorst et al. [74], only a small
number of physical activity questionnaires (PAQs) showed
acceptable to good results for both reliability and validity
when compared with objective criterion measurement of
PA. Despite numerous validation studies regarding PAQs
for activity EE estimation, it remains difficult to draw any
firm conclusion about validity of existing PAQs [75].
Westerterp [2] lists a number of studies which show low
correlation, with systematic underestimation, overestima-
tion, or agreement at a group level with considerable error
on an individual level, when compared to doubly labelled
water.

Additionally, it is difficult to transfer the results of validity
studies between different types of population, ethnic
groups, or other geographical regions [1], [74]. It would
thus be necessary to validate each questionnaire for dif-
ferent subgroups of the population in as many age groups
as possible.

Discussion

We have elaborated strength and limitations of question-
naires and electronic devices for the assessment of PA.
Questionnaires are good in providing details and context
of behaviour patterns, including type of activity, and can
differentiate well between settings. Electronic devices,
on the other hand, are rapidly becoming better at assess-
ing EE. They are good at quantifying the amount and in-
tensity of PA and the amount of sedentary behaviour.
Both methods have their strengths and limitations, as
summarized in Table 2. Questionnaires are thus not ob-
solete but should be considered as a complimentary tool
to EAMs.

In the past, assessment of PA was mainly focussed on
estimation of EE. Yet, it must be recognized that PA is a
behaviour, which in turn results in many different effects
on the body. For this reason, the aim and scope of PA
assessment need to be redefined for future research.
Since PA is multidimensional and complex, and given the
derived characteristics of the different assessments, no
single method is suitable to capture all dimensions and
domains. There is no perfect assessment method that
covers all aspects of PA, as can be concluded from
Table 1, which gives an overview of the main facts regard-
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ing aspects of physical activity assessment. Depending
on the required information, the respective method should
be implemented.

In the following sections, the major strengths and limita-
tions of both assessment methods will be discussed,
separately for the individual aspects of PA. Asummary is
given in Table 2.

Regarding EE resulting from a day’s total PA, EAMs may
in principal provide good estimates, without the need of
questionnaires for this specific aspect. However, it is dif-
ficult to give concrete public health recommendations
based solely on EE. Epidemiological studies will thus have
to consider the combination of both methods in order to
provide new insights into the benefits of physical activity
and to answer open questions in the future [3], [64], [76].
This concept has been proposed to the German National
Cohort and is also used in a number of other large-scale
projects [7], [8], [9], [10], [11], [13], resulting in a com-
bined assessment of physical activity by accelerometry
devices and questionnaires.

In the past, numerous studies provided evidence that PA
is associated with the reduced risk of contracting many
diseases. However, advising the public to eat healthy and
be physically active is not helpful. Concrete evidence-
based recommendations are needed. To date, existing
PA guidelines are still based on weak evidence. Future
innovative epidemiological research on disease-related
outcomes must investigate the effects of more specific
types of activity, including aspects such as resistance
versus aerobic exercise or regular versus irregular mod-
erate activity patterns and even different sleeping pat-
terns and qualities. As evidence arises that stress may
have negative impacts on health and aging, and a stress-
buffering effect of PA has been observed, it might also
be of interest whether PA is experienced as a recreational
activity or a stressful duty [77], [78], [79]. Hence, it is
essential to gather details on activity behaviour, an area
where questionnaires do play an important role. EAMs
are not able to provide information about the setting,
exact type and mode of activity, and cannot recognize
and reliably assess resistance exercise or activities with
or without carrying weights.

Individual physical activity patterns need to be investigat-
ed. Sports science recommends regular PA over a longer
time period to increase (or maintain) physical fitness.
Analogous to dietary research, which observed that weight
cycling (i.e. losing weight by fasting or special diets and
thereafter regaining body weight) might be worse than
staying at a certain overweight, fluctuating PA patterns
need to be investigated. A typical example is physical in-
activity for half of the year followed by strenuous workouts
in the summer months. However, up to date epidemiolo-
gical research did not consider temporal patterns of PA
or vigorous activities, but typically assessed average or
composite hours of PA per week [6], [18], [80]. Thus, it
is an important challenge for future PAQs to assess those
temporal PA patterns. EAM cannot fulfil this task, because
devices are worn only for a limited time period, typically
7-10 days. Hence, they are not able to consider how

active a person has been the rest of the year or how active
s/he is in general. Assessing a whole year with EAMs is
not feasible. Furthermore, EAMs do not deliver unbiased
data either, due to their influence on the behaviour of
participants. At least during the first few days, people are
aware that they are being monitored and might alter their
behaviour by being more active as usual.

An obvious target of questionnaires is the retrospective
assessment of PA in the past, including lifetime PA or PA
in adolescence. Such a time window is not assessable
by electronic devices. Retrospective assessment of PA is
especially of interest in case-control studies, where actual
PA is influenced by the disease status. Depending on
disease aetiology, assessment of lifetime or adolescence
PA might also be of interest as an influencing factor in
other study designs.

Physical inactivity is increasingly considered to be a bur-
den as it is responsible for about 5 million deaths world-
wide each year [81]. Although, EAMs are good at assess-
ing inactivity, activity data can get mixed up with non-
wearing time. Questionnaires, however, may also be not
accurate, due to memory and recall bias, or incomplete
assessment of all activity domains. In addition, sedentary
behaviour which is defined as ‘any waking behaviour
characterized by an EE<1.5 METs while in a sitting or re-
clining position’ has been identified as a potential risk
factor independent of physical inactivity [82]. Some EAMs
are good at the quantification of sedentary time. Ques-
tionnaires might be less accurate in assessing the total
time spent sitting, but may provide more details such as
the distinction between sitting without physical activity
(e.g. watching TV) or sitting with upper body activity (e.g.
as clerk at the cash desk).

Another aspect, not yet measureable with motion sensors,
is the role of the environment on individual behaviour
and the settings participants engage in activity. Question-
naires can assess in which kind of environment parti-
cipants are active and how the environment influences
activity. Nearby parks enable local residents to go running
and street lights in the area provide a feeling of safety,
encouraging a walk in the neighbourhood after work.
Devices are also not yet able to differentiate between
domains (household, occupation, etc.), whereas question-
naires enable the gathering of more specific information.
With the rapid development of technology, future devices
might soon enable the assessment of numerous factors,
including environment.

Practical issues such as standards and definitions play
an important role in guaranteeing comparability between
instruments. With improving technology, EAMs will change
rapidly. This development must be considered in planning
longitudinal studies. It is essential that data assessed
with current devices remain comparable to data assessed
with emerging technology. Regarding questionnaires,
definitions must be clear. Often there is a different under-
standing of certain terms, as not all types of activity are
perceived equally as a sport (e.g. Tai Chi or Yoga). All this
can be achieved by a) improved collaborations between
researchers as well as between researchers and compan-
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ies producing EAMs and b) establishing a common
framework with consistent interpretation when measuring
physical activity [83]. However, one problem remains. As
there is no feasible gold standard available for determin-
ing PA, EE, or PA patterns, the investigation of the reliab-
ility and validity of EAMs or questionnaires is still limited.
EAMs might improve in practicability and will assess more
information, which will open their use to large-scale
studies [5]. A further issue is the currently unpredictable
development of future prices for EAMs, which will have
prime impact on their usage in large-scale studies. Fur-
thermore, utilisability will only be achieved when de-
velopers, researchers, and users better cooperate in fa-
cilitating the development of future devices and enable
their real-time use in field studies. Questionnaires, on the
other hand, will be enhanced by electronic devices (such
as computers, tablets, and smartphones) and may be
administered via the internet. This will enable reaching
more participants and gaining more detailed information.
Future methods should help disentangle the complex
relationships between activity behaviour and its con-
sequences for the body. This can be achieved by identify-
ing the activity patterns that underlie measured levels of
EE, cardiorespiratory fitness, muscular strength, or certain
biomarkers. All this can best be achieved with a combin-
ation of EAMSs, questionnaires, and analytical techniques.
The advantages and especially the limitations of existing
methods must be carefully considered in order to find
out which measure best fits a given research question.

Conclusion

Despite the rapid development of technology, there are
several aspects of PA which cannot be measured by
EAMs, but can be covered by questionnaires. Both
methods have strengths and limitations. They do not
compete with each other, but rather are complementary
tools that assess distinct aspects of PA. Especially large
cohort studies should rely on both methods in compre-
hensive investigations of this complex lifestyle factor,
which may finally enable investigators to give concrete
public health recommendations.
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