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Low back pain (LBP) is a major health problem globally, but approaches to prevention are not yet clearly
identified because modifiable risk factors are not well established. Although physical activity is one promis-
ing modifiable risk factor, it is still not known what types and doses of physical activity are protective or
harmful for LBP. The aim of this study is to establish the feasibility of a definitive cohort study that will inves-
tigate the effects of different types and doses of physical activity on the risk of developing recurrent LBP
while accounting for genetic factors. This will be a pilot longitudinal twin study and twins will be recruited
from the Australian Twin Registry, and will be followed over 1 year. Thirty adult complete twin pairs with
a history of LBP, but symptom free at recruitment, will be included. Data on physical activity (predictor)
will be collected using four questionnaires and an objective measure (accelerometer) at baseline and at
6-month follow-up. Twins will also complete an additional physical activity questionnaire monthly. Data on
LBP (outcome) will be collected at baseline and weekly. Data will be collected using short message service
(SMS) and email. We will keep records of the recruitment rate, follow-up rate, and completeness of data.
Barriers to completing the study will be investigated. The results of this study will inform the design and
implementation of a future definitive study, which will help to clarify the effects of different types and doses
of physical activity on the risk of developing recurrent LBP.
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The latest Global Burden of Diseases Study ranked low back
pain (LBP) as the highest contributor to disability globally,
expressed as years of life lived with disability (YLD; Global
Burden of Disease Study, 2015). LBP is also a costly con-
dition, with total treatment costs estimated at $4.8 billion
a year in Australia (Arthritis and Osteoporosis Victoria,
2013). Implementing preventive strategies for LBP would
be a logical method to reduce the burden of this condition
on people’s lives and on society.

Although many preventive strategies for LBP have been
proposed, most have failed to substantially reduce the in-
cidence and recurrence rates of LBP (Steffens et al., 2016).

A plausible explanation for the lack of effectiveness of these
programs is our poor understanding of the causes of this
condition, and therefore identifying strong modifiable risk
factors is essential. Importantly, most previous studies in-
vestigating risk factors for LBP have not considered the
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influence of genetic factors, which have been shown to
explain up to 67% of the underlying disposition to develop
LBP (Ferreira et al., 2013; Nielsen et al., 2012).

A recent review has found moderate quality evidence
that exercise in combination with education decreases the
risk of LBP by half (Steffens et al., 2016). However, given
the limited number of trials identified in the literature, the
specific effects of type, and dosage of physical activity or ex-
ercise on the risk of LBP could not be estimated in this re-
view. This is particularly unfortunate because various forms
of physical activity are associated with a range of health ben-
efits (Pedersen & Saltin, 2015). Recent systematic reviews
have shown that the association between physical activity
and LBP in the general population is conflicting (Heneweer
et al., 2011; Sitthipornvorakul et al., 2011). This may be be-
cause most studies have focused on single types of physi-
cal activity (e.g., lifting or standing at the worksite, engage-
ment in physical activity during leisure time) rather than
a comprehensive assessment of physical activity across all
relevant domains. Different types of physical activity seem
to have a different effect on the risk of LBP. For instance,
heavy workload and frequency of lifts were found to in-
crease the risk of developing LBP, whereas engagement in
leisure physical activity has been shown to reduce its risk
(Holtermann et al., 2012). Additionally, it is plausible that
the association between physical activity and LBP depends
not only on the type of physical activity, but also on its dura-
tion, frequency, and intensity. For instance, a previous study
has found that heavy domestic physical activity (vigorous
gardening or heavy work around the house) is associated
with increased risk of LBP (Hübscher et al., 2014; Steffens
et al., 2015), while other studies have shown that moderate
gardening or yard work is associated with decreased risks
for LBP (Heneweer et al., 2011).

There were many limitations in previous studies that are
contributing to the uncertainty in this field. First, previ-
ous investigations have failed to differentiate the types and
doses of physical activity. Second, the majority of studies
measured physical activity through self-reported question-
naires only. In the two most recent systematic reviews in the
field (Heneweer et al., 2011; Sitthipornvorakul et al., 2011),
only one study used an objective measure (accelerometer)
of physical activity and it has been shown that self-reported
measures can overestimate engagement in physical activ-
ity (Lee et al., 2011) and are overall not strongly associ-
ated with objective assessments of physical activity (Wed-
derkopp et al., 2003). Finally, genetic factors have not been
accounted for in the LBP-physical activity-relationship;
which is an important omission, as genetic factors have
been shown to have a significant impact on both LBP (Fer-
reira et al., 2013) and physical activity engagement (San-
tos et al., 2012). For example, a previous study conducted
by our group found that the relationship between physi-
cal activity and LBP changes once genetic factors are con-
sidered (Hübscher et al., 2014) because engagement in do-

mestic physical activity was associated with higher preva-
lence of LBP (OR = 1.63, 95% CI 1.04 to 2.54) and this re-
sult was more noticeable in the case-control analysis where
the genetic factor was adjusted for (OR = 2.88, 95% CI to
1.29−6.43).

The effects of physical activity on LBP would be best elu-
cidated if risk studies included a comprehensive assessment
of types and dosages of physical activity, including the use of
an objective measure and addressed genetic influences. The
aim of this study is therefore to establish the feasibility of a
definitive cohort study that will investigate the effects of dif-
ferent types (domestic, recreational, and work-related) and
doses (frequency, duration, intensity — i.e., sedentary, light,
moderate, and vigorous) of physical activity on the risk of
recurrent LBP while accounting for genetic factors. Specif-
ically, we aim to determine the rate of recruitment of adult
twins registered at the Australian Twin Registry (ATR) to
calculate sample size requirements for the definitive study,
estimate the follow-up rate and compliance, assess com-
pleteness of data collection, and identify possible barriers
that could be experienced during the implementation of the
study.

Methods
Study Design

This is a feasibility longitudinal twin cohort study investi-
gating the effects of physical activity on LBP. All data col-
lection procedures will be conducted remotely (i.e., SMS,
e-mail, telephone, accelerometer). This study has been ap-
proved by the ATR and the University of Sydney Human
Research Ethics Committee (Project No: 2015/407).

Participants

Participants will be recruited from the ATR (Figure 1).
Thirty complete twin pairs will be included and will be fol-
lowed for 1 year. Twin pairs will be included if both twins
within the pair: are aged 18 years or older; have current in-
ternet access, an active e-mail account, and a smartphone
with internet access; agree to be included in the study; and
have a history of LBP, but have been symptom-free (pain
intensity <2 on a 0–10 pain scale) for at least 4 weeks at re-
cruitment. There will be no restriction on twins’ zygosity,
gender, or other demographic variables. Participants will
be excluded if they are pregnant or if they have known or
suspected serious spinal pathology (metastatic, inflamma-
tory, or infective diseases of the spine) or a history of spinal
surgery in the last 12 months.

Recruitment

Twins registered with the ATR will be invited to participate
in this study. Complete twin pairs meeting all inclusion cri-
teria will be invited to participate in the study and will be in-
cluded if both twin within a pair provide written informed
consent.
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FIGURE 1
Flow diagram of the study protocol.
Note: ATR = Australian Twin Registry; LBP = low back pain; PA =
physical activity; mo = months; IPAQ-SF = International Physical
Activity Questionnaire - Short Form.

Predictors and Outcomes Assessment

Assessment of predictors. Five physical activity measures
will be assessed as potential predictors of LBP. Physical ac-
tivity is usually described by type (domestic, transportation,
recreational, work-related) and dose (frequency, duration,
intensity; Heneweer et al., 2009). In our study, we will use
five measures, one objective and four self-reported mea-
sures, to provide a comprehensive assessment of physical
activity to capture all types and consider day-to-day varia-
tion (Table 1; Warren et al., 2010).

Objective assessment of physical activity. We will use ac-
celerometers (Actigraph GT1M/GT3X) to objectively as-
sess the participant’s physical activity engagement. The use
of accelerometers, such as the Actigraph GT1M/GT3X, has
been suggested to offer the most accurate, sensitive, and
valid measure of physical activity (Warren et al., 2010b).

Actigraph GT1M/GT3X are devices that assess body move-
ments (acceleration) and records the number of activity
counts summed and provides a measure of overall physical
activity (mean counts per minute; CPM) and intensity spe-
cific (sedentary, light, moderate, vigorous) physical activ-
ity (Chen & Bassett, 2005). The assessment of physical ac-
tivity using the Actigraph GT1M/GT3X accelerometer will
be performed in accordance with best practice recommen-
dations for using physical activity monitors in population-
based research (Tully et al., 2014; Warren et al., 2010). Par-
ticipants will be required to wear the device for seven con-
secutive days during waking hours (before answering the
baseline questionnaire) on the right hip, attached with an
adjustable elastic belt. Participants will be instructed to re-
move the device during water-based activities or bathing.
Data will be included if the participant accumulated at least
10 hours of valid activity recordings per day for at least 4
days. ‘Non-wear’ time will be determined according to pre-
viously established algorithm (Choi et al., 2011).

Self-reported assessment of physical activity. To comple-
ment the assessment of different types of physical activity,
we will use the long and short form of the International
Physical Activity Questionnaire (IPAQ; Hagstromer et al.,
2006; Lee et al., 2011), the Physical Workload Index ques-
tionnaire (Hollmann et al., 1999), and the Recent Physi-
cal Activity questionnaire (RPAQ; Besson et al., 2010). The
IPAQ has acceptable measurement properties (Hagstromer
et al., 2006) and assesses frequency and duration of physi-
cal activity in five different domains (i.e., occupation, trans-
portation, domestic work, recreation, sedentary activity;
Hagstromer et al., 2006). We will measure physical activity
at work using the Physical Workload Index questionnaire
(Hollmann et al., 1999), a reliable and valid instrument
to assess the frequency of people’s engagement in different
postures and tasks while at work. The RPAQ has acceptable
measurement properties and assesses frequency and dura-
tion of sports-related physical activity (Besson et al., 2010).

Assessment of outcome. The primary outcome will be the
number of days of LBP with a pain intensity of >2 on an 11-
point numerical rating scale (Childs et al., 2005) over the 1-
year period (Stanton et al., 2011), provided that these were
preceded by a period of at least 1 month without LBP with
an intensity of >2 on a 0–10 pain scale. The secondary out-
comes for all participants will be: (1) number of days of ac-
tivity limitation associated with LBP over the 1-year period;
(2) number of days of care-seeking associated with LBP over
the 1-year period; (3) number of days of medication use for
LBP over the 1-year period. The following definition of LBP
will be used: ‘pain in the area between the 12th rib and but-
tock crease with or without leg pain’ (de Vet et al., 2002;
Henschke et al., 2008).
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TABLE 1
Description of Measures of Physical Activity

Method Type of physical activity Dose of physical activity Time point

Actigraph (Accelerometer) Habitual/daily physical activity Frequency, duration, intensity Baseline and 6-month
IPAQ long version Work related, domestic,

transportation, recreational
Frequency, duration Baseline and 6-month

IPAQ short version Daily physical activity Frequency, duration Monthly, except at baseline
and 6-month

Physical Workload Index Work related Frequency Baseline and 6-month
Recent physical activity Sports related Frequency, duration Baseline and 6-month

Note: IPAQ = International Physical Activity Questionnaire.

Other variables. We will also collect anthropometric in-
formation, data on depression, sleep quality, and smoking
as these variables have been reported to affect LBP and
physical activity engagement. Participants will be required
to report their height and weight and they will measure
their waist and hip circumference. We will send the par-
ticipants a measuring tape and instructions by post (Ayala
et al., 2014). The Pittsburgh Sleep Quality Index (PSQI) will
be used to assess the subjective sleep quality of the partic-
ipants (Buysse et al., 1989). The PSQI is an 18-item self-
report questionnaire and Assesses sleep disturbances in the
last month in seven domains: subjective sleep quality, sleep
latency (the time it takes to fall asleep), sleep duration, ha-
bitual sleep efficiency (the ratio of total sleep time to time
spent in bed), sleep disturbances, use of sleeping medica-
tion, and daytime dysfunction. The total score is composed
of the sum of scores for these seven domains and can range
from 0 to 21, with higher scores meaning worse sleep qual-
ity and a total score of 5 or more being indicative of poor
sleep quality. The short form of the Depression Anxiety
Stress Scales (DASS-21) will be used to assess symptoms of
depression, anxiety, and stress. The DASS-21 is a quantita-
tive measure of distress along the three axes of depression,
anxiety, and stress. It is composed of 21 items. The cut-off
for severe or extremely severe for symptoms of depression
is score >10, for anxiety is score >7, and for stress is score
>12 (Henry & Crawford, 2005). Participants will also be
asked about their smoking habits. Additional information,
such as data on alcohol consumption, general health, and
co-morbidities are also going to be collected.

Procedures

Baseline assessment. First, at baseline, the Actigraph will
be sent by post to participants with a package containing de-
tailed instructions on placement and wearing time, a phys-
ical activity diary, a prepaid envelope to return the equip-
ment, detailed instructions on how to return the equip-
ment, and contact details of study personnel.

Twins will be asked to complete a daily physical activ-
ity diary and to detail daily wearing and non-wearing times
during the 7-day period. To ensure compliance, participants
will be sent two short message service (SMS) reminders (on
the third and fifth day of the 7-day period). At the end of

the 7-day period, twins will be required to mail the device
to study investigators. In case participants fail to meet the
minimum wear time, we will attempt to send the Actigraph
to participants again.

The baseline questionnaire will be completed at the end
of the 7-day period of use of the Actigraph with a one
week recall period so that all measures of physical activity
are timely synchronized. To answer the baseline question-
naire, twins will be asked to follow a questionnaire link sent
via email. The questionnaire will include questions on an-
thropometric data, LBP, self-reported physical activity (all
three questionnaires), depression (DASS-21), sleep quality
(PSQI), and smoking.

Follow-up assessment. In order to assess changes in phys-
ical activity levels from baseline, twins will be required to
answer every month the IPAQ-SF (Lee et al., 2011). An SMS
or an email with a link to the questionnaire will be sent to
participant twins. Additionally, after 6 months of study en-
try, participating twins will be required to wear the Acti-
graph again and to answer the three self-reported physical
activity questionnaires. The same procedures used for the
baseline assessment will be employed.

During the whole study duration, participants will be
required to answer weekly questions about LBP, including
intensity, activity limitation, care-seeking, and medication
use associated with LBP (Appendix A). Participants will re-
ceive an SMS or email with a link to the questions. Twins
will be contacted by the researchers if they do not respond
to the questionnaire for four consecutive weeks.

Feasibility Investigation

Measurement of recruitment. Throughout the recruit-
ment process, records will be kept regarding the number
of twins that answered the screening questionnaire. If the
twins are not admitted to the study, the reason why they
were ineligible for inclusion will be recorded. Similarly, if
eligible, the reasons declining participation in the study will
be noted.

Measurement of follow-up rate, compliance, and com-
pleteness of data collection. The number of participants
completing the study and answering the follow-up ques-
tionnaires will be recorded. We will also record the
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compliance with the Actigraph and with answering the
follow-up questions, as well as the number of follow-ups
answered by each participant. The number of participants
lost in each phase of the study will be noted and the rea-
sons for dropping out will be recorded when possible. If
a participant decides to drop out from the study, he/she
will be sent an SMS or email (according to the preferred
method of contact) asking about their reasons for dropping
out (Appendix B). We specifically aim to investigate if
twins decided to drop out as a result of the method of data
collection or frequency of contact messages.

Difficulties/barriers to completing the study. Every issue
experienced during the study will be recorded, such as tech-
nical problems. This information will help us to anticipate
the potential problems when conducting the full study in
the future. Those participants who complete the study will
be contacted by phone and they will be asked about their ex-
perience, difficulties, and barriers encountered during the
study. A semi-structured interview will be used and it will
be recorded.

Analysis. All data will be exported to a statistical software
package and will be cleaned and checked for errors. The
success of our recruitment strategies will be measured by
summarizing number of twins approached, screened, eligi-
ble, and who provided consent. Additionally, monthly re-
cruitment rates will be computed. This data will be used to
determine the recruitment period and number of twins that
should be approached to achieve the final sample size.

We will assess the acceptability of the tools used to col-
lect data by analyzing the level of missing data for each of
the predictors and outcome measures and follow-up rate.
Descriptive statistics will be used to analyze the data on rea-
sons for dropping out.

The data gathered by the phone interviews will be ana-
lyzed to investigate barriers and facilitators to completing
the study. The main interview areas to be explored will be
the effect of physical activity on LBP, reasons for participa-
tion in the study, their interpretation of study information
and documentation, their views on the different methods
used to collect data, and barriers/motivators to participate
in the study.

Actigraphs’ data will be processed using the manufac-
turer’s software (Actlife) that will be used to initialize the
devices for data recording and also for downloading the
data. Activity files will be screened for compliance and qual-
ity and will be manually checked against participants’ di-
aries to verify wear time, and any erroneous data will be
deleted. Actigraph activity data will then be exported into
a spreadsheet with output including overall physical activ-
ity (minutes/day), time spent (minutes/day) in sedentary,
light, moderate, and vigorous physical activity, and energy
expenditure.

Descriptive analysis will be performed for the predictors
and outcome measures. As this is a feasibility study, analy-
sis will focus on confidence interval estimation (rather than
hypothesis testing) and will help us to determine sample
size requirement for the full study, based on the standard
error of the estimate of the correlation between LBP and
physical activity.

Regarding the feasibility outcomes, any of the following
would suggest that the definitive study is not feasible in the
current format and might require changes: follow-up rate
<80%, recruitment rate <10% (considering that the ATR
currently has over 35,000 twin pairs registered), <80% of
valid data on predictors and outcomes.

Discussion
This article details the rationale and protocol of a pilot lon-
gitudinal twin cohort study to investigate the effects of dif-
ferent types and doses of physical activity on LBP. Although
the role of physical activity in the prevention of several non-
communicable diseases is clear (Pedersen & Saltin, 2015),
this is not the case in LBP. It is likely that appropriate en-
gagement in physical activity is helpful in LBP but it is still
not known what type(s) and dose(s) of physical activity
are beneficial. The question of the type and dose of phys-
ical activities that increase risk or protect against LBP re-
mains largely unresolved, and sensibly advising patients is
very difficult. This is unclear because previous studies have
mostly used self-reported measures of physical activity and
have not addressed the effects of genetics on this associa-
tion.

Our study will address these issues and further our un-
derstanding of the type and dose of physical activity that
is beneficial or harmful in this population. Although the
employment of an objective measure of physical activity
represents an advance in the field in relation to previous
studies, the Actigraph does not capture all kinds of phys-
ical activity. Some aspects of physical activity, such as loads,
angles, and time spent in different body postures (lying, sit-
ting, standing, bicycling) will remain not investigated. Ad-
ditionally, Actigraph is not waterproof. However, this infor-
mation not captured by the Actigraph will be supplemented
by the questionnaires.

As this study has innovative features, such as the data col-
lection method and the employment of a twin design, it is
imperative to conduct a pilot study to ensure every part of
the study will be successfully conducted in the full study.
The results of the feasibility study will be presented as soon
as they are available and will inform the planning and im-
plementation of the future larger cohort study.
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Appendix A
Low Back Pain Weekly Questions
1. Have you had low back pain in the last 7 days?

( ) Yes
( ) No

Observation: the following questions will only appear if the par-
ticipant has answered ‘Yes’ for the previous question.

2. For how many days have you had low back pain in the last
7 days?

( ) 1
( ) 2
( ) 3
( ) 4
( ) 5
( ) 6
( ) 7

3. Please indicate on average what was the intensity of your
low back pain on a scale from 0 to 10, where 0 means ‘no
pain’ and 10 means ‘the worst pain imaginable’, over the last
7 days.

0 1 2 3 4 5 6 7 8 9 10

No
pain

Moderate
pain

Worst
possible
pain

4. Was the low back pain bad enough to limit your usual ac-
tivities in the last 7 days?

( ) Yes (the following options will only appear if they an-
swer ‘yes’)

( ) No (go to next question)

( ) Work
( ) Socializing
( ) Sports
( ) Hobbies
( ) Intimacy
( ) Chores
( ) I did not have any activities limited because of

my pain
For how many days was the low back pain bad

enough to limit your activities? (this question
will appear for each option selected by the par-
ticipant)

( ) 1
( ) 2
( ) 3
( ) 4
( ) 5
( ) 6
( ) 7

5. Have you sought any treatment for this low back pain in the
last 7 days?

( ) Yes (the following options will only appear if they an-
swer ‘yes’)

( ) No (go to next question)

( ) GP
( ) Physiotherapist
( ) Chiropractor
( ) Emergency department
( ) Surgical procedure
( ) Other Please specify:
I have treated myself with (does not include medi-

cation use/select as many as applicable):
( ) heat pack
( ) bed rest
( ) light exercise, such as walking
( ) hot shower
( ) by seeking information on internet and books.
( ) None of the mentioned above
( ) I did not seek any treatment for my pain

For how many days did you have to seek treat-
ment for your low back pain? (this question
will appear for each option selected by the
participant)

( ) 1
( ) 2
( ) 3
( ) 4
( ) 5
( ) 6
( ) 7
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6. Have you taken any medication for your low back pain in
the last 7 days?

( ) Yes (the following options will only appear if they an-
swer ‘yes’)

( ) No (go to next question)

( ) Non-Opioid Analgesics (Examples: Paraceta-
mol, Aspirin, Nurofen, Voltaren)

( ) Weak Opioid Analgesics (Examples: Codeine,
Oxycodone, Tramadol)

( ) Strong Opioid (Example: Morphine)
( ) Antidepressants (Examples: Zolof, Prozac,

Efexor, Allegron, Avanza, Edronax)
( ) Natural pain relievers
( ) Others Please specify:
( ) I did not take any medication for my pain.
For how many days did you have to take med-

ication for your low back pain? (this ques-

tion will appear for each option selected by the
participant)

( ) 1
( ) 2
( ) 3
( ) 4
( ) 5
( ) 6
( ) 7

Appendix B
Reasons for Dropping Out

Why did you decide to drop out of this study?

1. Method of data collection (short message service -
SMS).

2. Repetitiveness of SMS.
3. Frequency of SMS.
4. Other. Please specify:_________________________
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