Rheumatology Advances in Practice, 2023, 7, rkac101
https://doi.org/10.1093/rap/rkac101

Review

RHEUMATOLOGY
ADVANCES IN PRACTICE

) - .
British Society for
'X' Rheumatology

OXFORD

Review

The challenges of measuring physical activity and
sedentary behaviour in people with rheumatoid arthritis

|1,2

Martijn Steultjens’*, Kirsty Bell'?, Gordon Hendry'

'Research Centre for Health (ReaCH), School of Health and Life Sciences, Glasgow Caledonian University, Glasgow, UK
INational Health Service, Tayside, UK

*Correspondence to: Martijn Steultjens, Research Centre for Health (ReaCH), School of Health and Life Sciences,Glasgow Caledonian University, Room A101E,
City Campus, Cowcaddens Road, Glasgow G4 0BA, UK. E-mail: martijn.steultjens@gcu.ac.uk

Abstract

The importance of sufficient moderate-to-vigorous physical activity as a key component of a healthy lifestyle is well established, as are the health risks
associated with high levels of sedentary behaviour. However, many people with RA do not undertake sufficient physical activity and are highly
sedentary. To start addressing this, it is important to be able to carry out an adequate assessment of the physical activity levels of individual people in
order that adequate steps can be taken to promote and improve healthy lifestyles. Different methods are available to measure different aspects of
physical activity in different settings. In controlled laboratory environments, respiratory gas analysis can measure the energy expenditure of different
activities accurately. In free-living environments, the doubly labelled water method is the gold standard for identifying total energy expenditure over a
prolonged period of time (>10days). To assess patterns of physical activity and sedentary behaviour in daily life, objective methods with body-worn
activity monitors using accelerometry are superior to self-reported questionnaire- or diary-based methods.

Lay Summary

What does this mean for patients?

Sufficient physical activity and limited time spent being inactive (i.e. sedentary behaviour) are key to a healthy lifestyle for people with RA.
Various methods are available to measure physical activity and sedentary behaviour. To show patterns of sedentary behaviour and light,
moderate and vigorous physical activity over a period of 5-10days, body-worn activity monitors provide more useful information than

questionnaires. This information can be used to set activity goals for a healthier lifestyle.
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Key messages

* High levels of sedentary behaviour are a clear health risk.

people with RA.

¢ Atleast 150 min per week of moderate-to-vigorous physical activity leads to clear health benefits in people with RA.

* Body-worn physical activity monitors are the best method available to establish patterns of physical activity and sedentary behaviour in

Introduction

The roles of physical activity and sedentary behaviour in the
health outcomes of people with RA or other forms of inflam-
matory arthritis have been of increasing interest to research-
ers, clinicians and patients. The benefits of physical activity to
people with arthritis have been well established; it is beneficial
to quality of life and physical function and has been reported
to reduce the risk of RA-induced cardiovascular disease [1, 2].
However, it is also well established that only a minority of
RA patients meet existing physical activity guidelines. The
current guidelines on physical activity issued by the World
Health Organization in 2020 [3] state that older adults and
adults living with chronic conditions should engage in a mini-
mum of 150 min of moderate physical activity per week, or a
minimum of 75min of vigorous physical activity, or an

equivalent combination of moderate and vigorous physical
activity. A recent study by Bell et al. [4] put the proportion of
people with RA meeting these guidelines between 2 and 29%,
depending on the precise definition used (because some defini-
tions count activity only if it occurs in bouts of >10 min dura-
tion). At the same time, sedentary behaviour is highly
prevalent, with the same study reporting an average of 10h a
day of sedentary behaviour. Other studies have reported simi-
lar findings [5-7]. In studies of people with inflammatory ar-
thritis, participants reporting high amounts of sedentary
behaviour compared with their peers were also more likely to
have poor outcomes, including increased pain, inflammation,
physical disability and risk of cardiovascular disease, in addi-
tion to reduced muscle density (cachexia and sarcopenia) and
bone mass (osteopenia and osteoporosis) [8, 9]. As modifiable
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protective and risk factors for health outcomes in RA,
influencing the amount of time that people with RA spend in
physical activity and sedentary behaviour has the potential to
improve health and quality-of-life outcomes. However, there
are challenges to the accurate measurement of both the dura-
tion and the intensity of physical activity and the time spent in
sedentary behaviour. Here, we review methods for measuring
physical activity and discuss examples of these techniques be-
ing used in RA research.

Physical activity is usually banded by intensity levels. This
is commonly done by referring to the metabolic equivalent of
a task (MET), where 1 MET is equal to energy expenditure at
rest (e.g. while sitting quietly). Table 1 provides an overview
of commonly used intensity categories of physical activity,
with examples of specific activities within that category.

Although these categories provide an easy and intuitive
overview of levels of physical activity, there are some issues
worthy of discussion. Firstly, the reference MET of activities
such as walking has typically been established in healthy
young adults [10]. However, studies in people with inflamma-
tory arthritis or OA have shown that the energy cost (and
therefore the MET) of walking can differ by age, disability or
disease status and can be influenced by surgical and
non-surgical treatments [11-13]. It is therefore probably not
accurate to assume that an activity such as walking will have
a stable and equal energy cost for each patient with RA.
Reference MET values for activities might therefore not be
valid in people with RA.

Secondly, the question arises, which level of physical activ-
ity would generate a health benefit? In exercise physiology, it
is assumed that only vigorous exercise leads to improvements
in cardiovascular and musculoskeletal systems. However, this
is framed in the context of improving sports performance in
healthy, and usually younger, adults. For patients with RA,
and indeed, for many other long-term conditions, it is clear
that both moderate and vigorous physical activity provide
health benefits. As a result, in many studies these two catego-
ries are lumped together as moderate and vigorous physical
activity (MVPA) [4, 14-16]. In the context of measuring
health behaviours, it is therefore of particular importance to
be able accurately to identify moderate physical activity and
above.

Although the science around physical activity and exercise
has focused on METs, in popular discourse and in clinical
practice, step counts have dominated. The idea that taking
10 000 steps/day comes with tangible health benefits has been
widely adopted, although its origin lies in a Japanese commer-
cial marketing ploy rather than in health research [17].

Table 1. Categories of physical activity based on level of energy
expenditure

Category Energy Examples of activity
expenditure
(MET)
Inactive <1.5 Seated desk working, watching TV, driving a
car

Light 1.5-3.0  Standing desk working, slow walking
Moderate  3.0-6.0  Normal walking, easy cycling, manual labour
Vigorous >6.0 Running, swimming and most other forms of

exercise

MET: the metabolic equivalent of a task, where 1 MET is equal to energy
expenditure at rest (e.g. while sitting quietly).
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Subsequent research has established the partial validity of this
target number, although it has been suggested that prevention
of chronic illness would possibly require daily targets of
<15000steps [18]. However, regardless of the validity of a
specific value as a cut-off between amounts of physical activ-
ity that do not and do lead to improved fitness, daily step
counts have the potential to be an easily communicable metric
for discussing adequate amounts of physical activity if it can
be shown that step counts are a valid measure of physical
activity.

Measurement of physical activity

Any measurement tool will have to show adequate properties
in terms of reproducibility, validity and responsiveness.
Reproducibility is the ability to produce consistent results
when measurements are repeated in similar conditions.
Validity refers to the accuracy of the measurements. A valid
measurement tool will not systematically over- or underesti-
mate the characteristic it is measuring and will fully encom-
pass the characteristic it intends to measure. For example, a
tool for measurement of physical activity that assesses only
vigorous activity would be less valid than a tool that assesses
all of low, moderate and vigorous activity. Responsiveness
means that the measurement tool is responsive to change; in
this case, if there is a clear change in a person’s physical activ-
ity, a responsive measurement tool should show a significant
change in its metrics.

Physical activity measurements can be taken in a variety of
settings, with different objectives. However, the vast majority
will fit into one of two groups: experimental laboratory set-
tings or daily life. In experimental studies in a controlled envi-
ronment, the measurement of physical activity is often carried
out to establish the difficulty of a specific activity (e.g. the en-
ergy cost of walking). This can be highly informative to estab-
lish the level of physical (dys)function and disability in people
with long-term conditions, such as RA. The measures derived
from these experimental studies can also inform the interpre-
tation of data from the second type: real-life studies. In these,
physical activity is tracked, usually for a continuous, longer
period of time (e.g. 1week), as the person goes about their
daily life. Although both types of studies measure physical ac-
tivity, the techniques used to establish physical activity are
very different.

Laboratory assessment of physical activity

Laboratory measurements for physical activity tend to focus
on establishing the energy expenditure or level of exertion as-
sociated with a specific activity (i.e. the intensity of a physical
activity). Although the intensity of an activity can be
expressed in METs, these METs cannot be measured directly
and need to be calculated from measurable variables. This is
usually done through respiratory gas analysis or calculation
of the caloric cost of an activity, hence the term calorimetry as
the overarching term for methods of measuring the intensity
of a physical activity. Respiratory gas analysis is considered
the gold standard for the direct measurement of activity inten-
sity. During quiet sitting, the reference value for oxygen up-
take is 3.5 ml/kg body mass/min, which equates to 1 MET.
This can also be expressed as 1kcal’lkg body mass/h.
However, it must be noted that these are not necessarily exact
equivalents of each other, although they are used interchange-
ably in definitions of MET and energy expenditure. Food
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intake [19, 20] and body composition [21] can affect the rela-
tionships between the intensity of an activity and the mea-
sured oxygen consumption. Also, at high intensities the
energy expenditure will be, in part, through anaerobic metab-
olism, which will affect the validity of oxygen uptake as a
measure of exertion.

A disadvantage of respiratory gas analysis is that it requires
equipment, including a tight-fitting mask covering the mouth
and nose, to be worn by the person being tested. Apart from
considerations of complexity of the experimental set-up and
discomfort, this might also have implications for the ecologi-
cal validity of the measurement (i.e. the extent to which the
test replicates the usual behaviour and activity performance
of the participant).

To overcome these challenges, other measures of exertion
have been used. Heart rate (HR) is an obvious candidate, and
studies have established that there is a close correlation be-
tween HR and MET [22, 23]. Net HR (defined as current HR
divided by HR at rest) appears to be slightly superior (i.e.
more closely correlated) to MET than other HR measures,
such as simply using current HR or metrics where HR at rest
is subtracted from current HR. However, the differences in
correlations with exertion, as measured by respiratory gas
analysis and expressed in MET, between the different HR
metrics are small, and all appear valid for use as indicators of
current physical activity level.

Another option is to let the person being tested rate their
own perceived level of exertion, usually on a numerical rating
scale (e.g. 0-10), a visual analogue scale (e.g. 0-100 mm) or a
Borg scale [24-26]. In healthy people, good correlations of
ratings of perceived exertion with other measures of exertion
have been reported [27, 28]. However, a study in people with
RA reported only weak associations between the Borg scale
of perceived exertion and HR measures during physical
activity [29].

Measurement of physical activity in daily life

Measuring physical activity in daily life is markedly different
from laboratory-based experimental studies. Rather than
identifying the intensity of a single activity, the aim is usually
to establish patterns of physical activity and sedentary behav-
iour over a prolonged period of time. In addition, measures
need to be taken in the person’s free-living environment rather
than in a controlled laboratory setting. Three main types of
measures have been used: doubly labelled water (DLW);
measures based on body-worn sensors; and self-report
through questionnaires and diaries.

The DLW technique uses the measurement in blood, saliva
or urine of previously ingested stable isotopes of hydrogen
(*H or deuterium) and oxygen (**0) to establish energy con-
sumption over a prolonged period of time, usually 1-3 weeks.
Through these measurements, the production of carbon diox-
ide over that period can be estimated accurately, which estab-
lishes the energy expenditure. It is considered a gold-standard
technique for measuring total energy expenditure in living
organisms, including humans [30], and does not interfere
with the daily living of the participant at all, other than the
need for collection of bodily fluid samples. However, there
are also considerable limitations. Apart from the cost associ-
ated with the technique, the DLW technique does not allow
the identification of patterns of physical activity [i.e. time
spent in sedentary behaviour, light physical activity (LPA)
and MVPA].

Identifying patterns of physical activity is the forte of tech-
niques using body-worn sensors. A commonly used type of
sensor is the accelerometer, a device that measures the acceler-
ation of the body, to which it is attached. Uniaxial accelerom-
eters detect any acceleration along the vertical axis. While
walking, the centre of mass of the body will transfer a short
distance up and down the vertical axis with every step, which
is then detected by the accelerometer. Triaxial accelerometers
additionally measure acceleration along the sagittal and fron-
tal axes. These accelerometers are theoretically superior to
uniaxial accelerometers because they should be able to detect
types of physical activities other than walking with higher va-
lidity. However, a systematic review of accelerometry-based
measurement of physical activity did not report a meaningful
difference between uniaxial and triaxial accelerometry in de-
termining total physical activity [31]. Nevertheless, there
might be significant differences between the two methods in
their ability to distinguish accurately between sedentary be-
haviour, LPA and MVPA.

The raw data provided by accelerometers identifies acceler-
ation along one or three axes. Data processing then needs to
ensure the raw data are translated into meaningful informa-
tion on time spent in sedentary behaviour, LPA and MVPA.
The raw acceleration data will show a periodic signal, with
the amplitude and frequency of the signal for a given time in-
terval imparting information on the intensity of the physical
activity within that time period. Different methods have been
used to identify activity from the duration, amplitude and/or
frequency of the acceleration signal. For all commercially
available devices, both those aimed at general usage and high-
end devices for scientific research, the underlying algorithms
for data processing will be proprietary and not available for
scrutiny by third parties. An additional issue is that manufac-
turers might periodically update firmware and algorithms of
their devices, or algorithms might be, in part, self-evolving
through the use of machine-learning approaches, which po-
tentially leads to systematic differences in sampling rates and
signal processing within the same device at different time
points.

A relatively accessible method used by various devices is
based on cadence. After first establishing minimum thresholds
for signal duration and amplitude, this method then uses the
frequency of the signal to identify the cadence of the activity
(e.g. in walking steps per minute). Accurate cut-off values of
100 steps/min for moderate activity and 130 steps/min for vig-
orous activity have been reported [32]. Therefore, 100 steps/
min appears to be an adequate cadence value to establish
MVPA in healthy adults [32]. The cut-off between sedentary
behaviour and LPA tends to be put at a cadence of 40 steps/
min, with counts <40 steps/min representing incidental or
sporadic movement [33]. For physical activities other than
walking (e.g. running or cycling), the thresholds for signal du-
ration and amplitude and resulting cadence cut-offs might be
different depending on the cyclical nature of the movement
pattern of that activity. Studies have specifically established
the validity of accelerometry for these other activities [34].
Other methods use algorithms to identify acceleration events
from the data, with higher event counts signifying a higher in-
tensity of physical activity, or use the position and movement
of a specific body part (e.g. the thigh) to distinguish
between sitting, standing and movement. In these methods,
cut-off points between sedentary behaviour, LPA and MVPA
are device specific and therefore not transferable between



different brands and types of devices. More advanced meth-
ods of data processing are also used to identify activity pro-
files from accelerometer data. These are often based on the
comparison of known data shapes for a given activity at a
given intensity with the data from a participant; a process
known as template matching. With the advance of techniques
from big-data analysis (e.g. machine learning), it is likely that
these methods will continue to evolve, with the aim of im-
proving the quality of metrics extracted from accelerometry.

There are several brands of accelerometry-based body-
worn sensors. In recent years, a number of mass-market devi-
ces have become available, whose primary use is to monitor
physical activity for the wearer, such as the FitBit, Polar and
Apple activity monitors. These tend to have measurement
properties that fall short of the required standard for use in
scientific research, if the aim is to classify time intervals cor-
rectly as sedentary behaviour, LPA or MVPA.

As stated previously, daily step counts potentially offer an
easy-to-understand metric that can be used in clinical practice
to communicate targets. Most accelerometry devices will gen-
erate step counts as a metric. Generally, studies report moder-
ate to strong correlations between daily step counts and total
energy expenditure [35, 36]. However, the validity of step
counts might differ depending on the intensity of physical ac-
tivity, with different validity profiles for different devices.
Stenbick et al. [37] showed that step count accuracy can be
compromised at low walking speeds. This is particularly rele-
vant given the prevalence of walking disability in people with
inflammatory arthritis, which reduces self-selected walking
speed. Therefore, although step counts are undoubtedly useful
to discuss physical activity targets and behaviour between
patients and clinicians, their validity is likely to be insufficient
for use as a clinical outcome measure.

A third major type of measure of physical activity in daily
life is by self-report through standardized questionnaires or
diaries. There are a number of questionnaires available that
aim to establish the amount of time spent in sedentary behav-
iour, LPA and/or MVPA. Many different questionnaires for
the measurement of physical activity have been developed. A
2010 systematic review of measurement properties of physical
activity questionnaires included no fewer than 85 different
ones [38]. Its overall conclusion was that there was no single
questionnaire that was clearly superior in terms of reproduc-
ibility and validity. In general, measures of reproducibility
and validity tended to be acceptable but not excellent.
However, there were meaningful differences between ques-
tionnaires in terms of the populations for which they have
been developed and validated (e.g. healthy adults, specific di-
agnostic groups, children), the setting in which they assess
physical activity (e.g. sports, recreational activity, mobility
and transport, occupational activity, home) and the metrics
that are calculated (e.g. total energy expenditure or time spent
in the different physical activity intensity bands).

Other means of collecting real-life physical activity data are
potentially available. Online exercise communities habitually
log large amounts of exercise data, generally comprising
Global Positioning System (GPS) data points. Some providers
have started to present analyses based on large amounts of ag-
gregate data (e.g. Strava Labs; https:/labs.strava.com (6
December 2022, date last accessed)). Although these plat-
forms might provide good insight into time spent in MVPA of
their users, the validity of the data is dependent on users log-
ging all activity and on the accuracy of the GPS-based data-
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collection systems. Owing to the nature of these communities
and platforms, which are almost exclusively aimed at sports
and exercise, it is unlikely that these can provide meaningful
data on time spent in sedentary behaviour and LPA.

Nevertheless, GPS-based data collection is potentially an
exciting new mode of assessing physical activity, because it
brings with it the opportunity to incorporate characteristics of
the physical environment (e.g. elevation, availability of green
space, traffic density) into the activity monitoring. These envi-
ronmental characteristics might be crucial to determining the
physical activity that people engage in, but have so far been
described poorly in research. However, issues of privacy and
confidentiality will have to be addressed before GPS tracking
of research participants is feasible within acceptable ethical
boundaries.

Measurement of physical activity in people
with RA

A variety of the techniques discussed above have been used to
assess physical activity specifically in people with RA. Early
studies primarily focused on low physical activity levels in
daily life as a potential explanation for the elevated risk of
cardiovascular disease in patients with RA. Metsios et al. [39]
used the international physical activity questionnaire (IPAQ)
to classify participants as active, moderately active or inactive.
They then established clear differences in risk factors for car-
diovascular disease between the three groups, in favour of the
active group.

The IPAQ identifies physical activity in the previous 7 days,
by self-report, for the domains work, transport, domestic
duties, leisure (including sports and exercise) and sedentary
behaviour. A short form version (IPAQ-SF) is available in dif-
ferent languages, which condenses the original 31 questions
into 7. Although it is a generic rather than disease-specific
tool, the IPAQ is currently one of the most commonly used
physical activity questionnaires in RA research [40-42].
However, evidence of its reproducibility and validity in this
population is scarce. Tierney et al. [43] found poor criterion
validity of the IPAQ-SF when compared with a previously val-
idated objective measure of physical activity. In other popula-
tions similar to the RA population, such as people with OA or
people who had undergone total hip or knee replacement, fair
to good reproducibility was reported, but poor concurrent va-
lidity [44-46].

Other questionnaires have also been used in RA, with simi-
lar findings. These include the physical activity frequency
questionnaire (PAFQ) [47], the nurses’ health study physical
activity questionnaire (NHSPAQ) [48] and the global physical
activity questionnaire (GPAQ) [49]. In general, questions can
be asked about the accuracy with which questionnaires esti-
mate the type, intensity and frequency of physical activity in
people with RA. Owing to the systematic bias in estimating
time spent in physical activity, and particularly in MVPA,
questionnaires are not suitable for establishing whether peo-
ple with RA meet the guidelines for time spent in physical ac-
tivity or for accurate calculation of total energy expenditure.
For establishing relationships between physical activity and
other aspects of health and quality of life, large sample sizes
would be needed because of the low statistical power resulting
from the use of questionnaires with mediocre reproducibility.

Increasingly, objective methods are being used in RA stud-
ies to address these issues with self-reported physical activity.
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Paul et al. [5] used respiratory gas analysis to identify the en-
ergy cost of walking in people with RA compared with
healthy controls, in a controlled laboratory environment. This
study reported no difference in energy cost between the two
groups but did note a lower self-selected walking speed in
people with RA compared with healthy controls.

Most other studies have used free-living assessments of
physical activity. The DLW technique was used by Roubenoff
et al. [50], who concluded that total energy expenditure was
lower in women with RA compared with healthy controls. A
potential issue with the DLW technique in RA or other in-
flammatory conditions is that the metabolic rate might be af-
fected by RA disease activity. However, it is likely that
inflammation increases the metabolic rate [51] and would
therefore lead to an overestimation of physical activity when
using DLW; the finding that energy expenditure in RA is
lower than in healthy controls would therefore only be more
pronounced if this effect were to be taken into account. It has
also been confirmed by a number of studies using body-worn
activity monitors [4, 7]. These studies have consistently
reported that only a minority of people with RA spend suffi-
cient time in MVPA to meet guidelines on physical activity,
that time spent in MVPA is significantly reduced compared
with healthy controls, and that sedentary behaviour is more
frequent in people with RA than in healthy controls.

Fortunately, validation studies have been carried out on
body-worn sensor techniques for physical activity monitoring
in people with RA. The ActivPAL activity monitor was deemed
valid for measuring time spent in sedentary behaviour, standing
and walking, although it did underestimate the number of steps
and transitions when compared with direct observation in a
controlled laboratory environment [52]. Another study con-
cluded that the ActivPAL accurately quantifies sedentary,
standing and stepping time [53]. This study also included vali-
dation of the ActiGraph GT3X+ activity monitor, with similar
findings to the ActivPAL. Both devices therefore appear suit-
able for use in people with RA. Recently, innovative devices,
such as the Actiheart, have been used in RA studies [54]. This
device combines electrocardiography and accelerometry to ob-
tain both HR and uniaxial acceleration of the trunk to assess
physical activity, which might offer further refinement of the
accelerometry-based method. Although the results of research
using the Actiheart in people with RA are consistent with find-
ings using other devices, it has not been validated specifically
for use in RA populations yet.

It must be noted that gait abnormalities are common in RA
[55], in particular reduced walking speed and cadence and in-
creased double limb support time (i.e. the phase of the gait
when both feet touch the ground). As previously mentioned,
accelerometry might be less reliable and valid at lower walk-
ing speeds and cadences. It is therefore imperative that devices
are validated specifically in RA populations.

Table 2 provides a summary of the methods that were used
in studies with RA patients to assess physical activity, includ-
ing information on their measurement properties, as estab-
lished in the studies discussed previously, and suitable
outcome parameters in this population.

Discussion

The assessment of physical activity levels in people with RA is
increasingly seen as important, owing to the established evi-
dence on the increased risk of cardiovascular disease

subsequent to RA and the poor general health and lower
quality of life in people with RA who engage in high levels of
sedentary behaviour and low levels of physical activity.
Studies have shown these behaviours to be highly prevalent in
RA, with relatively few patients meeting guidelines on the fre-
quency and intensity of physical activity [4]. However, as this
review has shown, the measurement of physical activity in
people with RA can be challenging.

In controlled laboratory environments, respiratory gas
analysis can establish the energy cost of activity with high va-
lidity and precision, but it can be burdensome to participants
and might not reflect the behaviour of participants in daily
life. In free-living environments, a number of methods are
available, each of which has advantages and disadvantages.
The DLW technique is the gold standard but is limited to
establishing total energy expenditure over time rather than
patterns of sedentary behaviour and physical activity. It is
also cost prohibitive. Questionnaires can offer a cheaper alter-
native and the opportunity to estimate time spent in sedentary
behaviour, LPA and MVPA, but there are significant ques-
tions regarding their validity and reproducibility. Body-worn
accelerometers currently offer the best-available solution,
with acceptable reproducibility and validity. Innovative devi-
ces that incorporate additional information to accelerometry
(e.g. HR) might improve the measurement characteristics of
these devices further.

Implementation of routine physical activity assessment us-
ing body-worn sensors in clinical practice can be challenging.
In particular, embedding the logistical process and data proc-
essing into clinical practice will require careful consideration.
Sensors are usually worn for several days, and although
instructions and fitting can conceivably be done after a clini-
cal appointment, returning the device after completion of the
wear period will need to be arranged separately or achieved
by postal return. Data processing can be done with automated
algorithms but does require oversight and for data handling
to be compliant with regulations on confidentiality and data
security. Nevertheless, it provides the opportunity to make
rich behavioural data available, allowing patients and their
clinicians to set outcome targets for healthy physical activity.

Interestingly, a recent study has suggested that a decrease in
physical activity, as recorded by a body-worn monitor, might
serve as an early indicator for an RA flare [56]. This study
used machine-learning algorithms to establish patterns in the
physical activity data, which could then identify RA disease
flares with very high sensitivity and specificity when com-
pared with patient self-report of disease activity flares. This is
an excellent example of how machine learning and other big-
data techniques might offer a leap forwards in extracting the
meaning from the high volumes of data that can be extracted
from activity monitors that are worn for a considerable length
of time.

The potential relationship between sedentary behaviour
and physical activity patterns on the one hand and RA disease
activity or symptom severity on the other hand was also
highlighted in a study using qualitative methods [57].
Although physical activity research has largely been the do-
main of quantitative methods, qualitative research can add a
unique perspective on behaviour patterns. In particular, quali-
tative research can elucidate which barriers and facilitators
people with RA encounter and perceive when trying to main-
tain or improve a healthy lifestyle. Currently, only one quanti-
tative study has been published identifying barriers and



Table 2. Methods for assessing physical activity and sedentary behaviour in people with RA

Martijn Steultjens et al.

Method Measurement Setting Qutcome Properties Example of use in
RA research
Respiratory gas Oxygen cost of Controlled laboratory; Intensity of activity Good validity and Paul ez al. [5]

analysis

Doubly labelled water

Questionnaires/diaries

Body-worn activity
monitors
(accelerometry)

activity

Turnover of hydrogen
and oxygen isotopes
to assess carbon
dioxide production

Self-reported activity

Acceleration of the
body or body
segment

immediate
measurement

Free-living environ-
ment; >5 days

Free-living environ-
ment; unlimited
period

Free-living
environment;
1-10days

Total energy
expenditure

Total energy
expenditure;
patterns of SB, LPA
and MVPA

Total energy
expenditure;
patterns of SB, LPA
and MVPA

reproducibility; low
ecological validity;
high participant
burden
Gold-standard
method. High
reproducibility and
validity; low
participant burden
Fair reproducibility
and poor validity;
moderate
participant burden
Good reproducibility
and validity;
moderate
participant burden

Roubenoff et al. [50]

Yu et al. [41]

Bell ez al. [4]

LPA: light physical activity; MVPA: moderate-to-vigorous physical activity; SB: sedentary behaviour.

facilitators to engagement in physical activity in RA [49]. This
study identified a number of potential personal and environ-
mental factors that might contribute to people engaging in
physical activity or not. High-scoring barriers included lack
of affordable and available facilities, low exercise self-
efficacy, symptoms such as pain and fatigue limiting the activ-
ity that patients can engage in, and lack of suitable exercise
offers for people with RA. Qualitative or mixed-methods re-
search should be used to identify these lived experiences of
patients with RA in their own words, rather than relying on
set items from questionnaires.

The responsiveness of methods to assess physical activity
has not featured in this review so far. There have been few
intervention trials using physical activity monitoring as an
outcome measure. Thomsen et al. [58] used ActivPAL acceler-
ometry in a trial with reduction in sedentary behaviour as its
primary objective. This study found a statistically significant
positive effect of the intervention in reducing sedentary behav-
iour compared with the control group, which suggests that
physical activity monitoring can be a responsive outcome
measure in intervention research. A second trial on this topic
was published recently [59]. For physical activity to become a
key outcome measure in intervention research, the responsive-
ness of methods for measuring physical activity must be
established.

In conclusion, several methods are available to assess physi-
cal activity in people with RA. To establish the energy cost of
an activity, respiratory gas analysis in a controlled laboratory
setting is currently the method of choice. In free-living envi-
ronments, DLW techniques are the gold standard if the aim is
to establish total energy expenditure over an extended period
of time. To establish patterns of sedentary behaviour and
physical activity, body-worn physical activity monitors based
on accelerometry provide the best available method.
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