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Abstract

Background The enormous effect of lifestyle-related disorders on health of the global population warrants the
development of preventive interventions. Focusing on musculoskeletal health and physical activity may be a way to
encourage necessary lifestyle changes by making them more concrete and understandable. The aims of the current
study were to develop a function-based preventive intervention aimed at lifestyle-related disorders in physically
inactive 40-year-old people and to investigate the feasibility of the intervention. The feasibility study aimed to solve
practical and logistical challenges and to develop the intervention based on the experiences of participants and
involved clinical personnel according to defined criteria.

Methods Development of the standardised functional examination was based on literature-validated tests and
clinical reasoning. Development of a risk profile was based on the functional examination and similar profiles which
have already proved feasible. The feasibility of the functional examination and risk profile, together with function-
based lifestyle counselling was tested on 27 participants in a pilot study with two physiotherapist examinations over a
four-month period. Practical results and feedback from participants and collaborating personnel were examined.

Results The functional examination consists of 20 established tests not requiring specialised equipment or training
which were deemed relevant for a middle-aged population and a sub-maximal ergometer test. The risk profile
consists of seven functional dimensions: cardiovascular fitness, strength in upper extremity, lower extremity and
trunk, mobility, balance and posture, and three non-functional dimensions: weight, self-assessed physical activity
and pain. Each dimension contains at least two measures. The participants appreciated the intervention and found it
motivating for making lifestyle changes. They found the tests and risk profile understandable and could see them as
tools to help achieve concrete goals. The examination required 60-75 min for one physiotherapist. The recruitment
rate was low and recruited participants were highly motivated to making lifestyle changes.

Conclusion This project developed a functional test battery and risk profile aimed at inactive 40-year-olds which

fulfilled our feasibility criteria. Functional screening and lifestyle counselling were found to be of value to a sub-group
of inactive 40-year-olds who were already motivated to improve their health situations.
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Lifestyle factors influence the risk of morbidity and pre-
mature mortality, and low level of physical activity is asso-
ciated with the development of lifestyle-related conditions
such as cardiovascular and metabolic diseases, osteoar-
thritis and other musculoskeletal disorders [1]. Physical
inactivity levels continue to rise, primarily in high-income
countries [2]. This causes immense quality of life impacts
including reduced life expectancy and increased levels
of illness and disability and equally enormous resource
demands [3, 4]. Increased knowledge about the types
of preventive interventions that most efficiently influ-
ence lifestyle changes in health-promoting directions is
needed. This knowledge can then be used to better tailor
treatment and advice to patient needs and to individual
risk factors.

Preventable lifestyle-related disorders (LRD), includ-
ing cardiovascular, metabolic and musculoskeletal health
problems, account for up to 40% of visits within pri-
mary care [5]. Early management strategies that give the
patient tools to make lifestyle choices which may prevent
later development of health conditions requiring medi-
cal treatment could reduce suffering for many patients,
relieve the pressure on healthcare, and make resources
available for patients with other health problems.

Research and clinical observations indicate that many
patients have an inadequate understanding of their own
physical capacity and that many are insufficiently moti-
vated to make necessary lifestyle improvements [6].
Healthcare providers seldom have time for more than
general lifestyle advice nor detailed knowledge about the
patient’s functional capacity or lifestyle habits. If high risk
patients were detected in time, perhaps development of
both pain and disease could be avoided. Lack of time, the
high demand for healthcare visits and insecurity in own
capacity to provide suitable lifestyle counselling may con-
tribute to a lack of preventive advice from caregivers or
to general preventive advice which may or may not be
sufficiently motivating for the individual patient [6].

Primary prevention programs in general seem to have
good health effects. One systematic review found many
primary prevention programs for cardiovascular dis-
eases and metabolic syndrome to have positive effects on
health and in some cases also proved to be cost-effective
[7]. The Visterbotten Intervention Programme (VIP) in
northern Sweden has been associated with a reduction
of cardiovascular disease and associated early mortality
by combining medical examinations with person-centred
lifestyle advice [8]. However, there are pertinent aspects
of health and well-being that this program does not
address, such as functional capacity.

Physical activity level, physical function and weight
all influence incidence and intensity of lifestyle-related
illness [9]. Musculoskeletal pain can be involved as it is
associated with avoidance of or limiting physical activity
which in turn leads to worse function and increased risk
for obesity and metabolic and cardiovascular diseases [8,
10]. Previous knowledge is limited of how testing physi-
cal function and giving related feedback affects health
outcomes and lifestyle factors, such as physical activity
level, over time. An American study showed that people
experience such examinations positively and see value in
such testing [11]. Generally, functional examinations and
testing by a physiotherapist are unusual before symp-
toms become apparent. Lifestyle choices made early on
in life and often unconsciously may have far-reaching and
long-term effects on later health of which the individual
may be unaware, with symptoms of ill-health becoming
apparent only in middle-age or later [12].

Low physical activity is a major risk factor for all life-
style-related disorders and is possible to influence in both
the short- and long-term [13]. The Swedish programme
Physical Activity on Prescription (PAP), which supports
increased general physical activity and focuses primarily
on secondary prevention among patients with metabolic
syndrome, has been shown to lead to increased physical
activity and improved physical function [14]. As many
lifestyle-related disorders develop slowly, it is reasonable
to use physical activity level to monitor lifestyle change
and risk for LRD. Both subjectively and objectively mea-
sured physical activity with accelerometers give impor-
tant information for following an individual’s physical
activity level over time [15].

According to the Health Belief Model, health behaviour
may be influenced when personal beliefs and knowledge
about health risks [14] and methods for reducing them
are targeted in preventive strategies [16, 17]. A person-
centred approach to maintaining health, based on moti-
vational interviewing, should lead to more positive
results than general information [18]. Motivational inter-
viewing has shown promise in changing health-related
behaviours [18-20] and in increasing adherence to
exercise programs [21]. Those people who run measur-
able risks for specific conditions may do so because their
own previous lifestyle choices have been sub-optimal. In
order to make well-informed lifestyle decisions, people
may need to understand their own health conditions in
greater detail. Those who need to make lifestyle changes
to maintain or increase health may also need specific
guidance to accomplish their goals [18].
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It is possible that physical function and physical activity
level can be used to monitor and influence risk for LRD.
Monitoring requires broad screening of the population.
Influencing requires that people have good understand-
ing of their own health and lifestyle situations and that
those who need support for making changes have access
to it.

Ageing increases risk of LRD. It is unknown which
timepoint is the most optimal to achieve reasonable
preventive effects. Implementation of the VIP program
in northern Sweden has, in several regions, focused on
40-year-olds. We continue this focus in this study assum-
ing that, at the age of 40, many people may have an
increased interest for maintaining and improving health
while relatively few have developed manifest LRD. In
addition, the prevalence of metabolic syndrome starts to
increase more sharply around the age of 40 [22].

The aims of the current study were to develop a func-
tion-based preventive intervention aimed at lifestyle-
related disorders in physically inactive 40-year-old people
and to investigate the feasibility of the intervention. The
feasibility study aimed to solve practical and logisti-
cal challenges and to develop the intervention based
on the experiences of participants and involved clinical
personnel.

Methods

This project contains three main sections: development
of a functional examination protocol, development of a
risk profile, and a feasibility investigation of an interven-
tion where inactive 40-year-old people were examined
and received feedback according to the functional exami-
nation protocol and risk profile.

Functional examination protocol

A literature search was performed primarily in the medi-
cal database PubMed concerning established functional
tests. Known tests and tests which were new to the
research group were appraised for the dimensions: fit-
ness, strength, mobility, balance, and posture. Clinical
reasoning within the research group was used to evaluate
relevance for each test for inactive middle-aged people.
In order to be relevant to Swedish primary care phys-
iotherapists, who are the intended users of this exami-
nation protocol, tests which do not require specialised
training or equipment, which were simple, quick, easy to
instruct and to perform were prioritised. The diversity of
physical dimensions and tests of interest and the judge-
mental requirements for inclusion precluded a strict sys-
tematic literature review. However, the evidence for each
proposed test was examined concerning reliability and
validity and published normal or recommended values
applicable to a 40-year-old population.
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Risk profile

The risk profile used in the VIP program in northern
Sweden was used as a visual base for the risk profile in
this project [23]. Current dimensions of the VIP risk pro-
file were examined for relevance to this project. However,
instead of dimensions such as blood pressure and lipid
levels, the functional dimensions described above were
used. Functional dimensions were chosen based on clini-
cal reasoning, considering outcomes which were deemed
to be objectively measurable by physiotherapists and pos-
sible to influence by participant lifestyle decisions. The
functional tests chosen after the literature search were
grouped in relevant dimensions of physical function.
At least two tests were grouped together to allow for a
more comprehensive understanding of each particu-
lar dimension. Ranges and cut-off levels were calculated
for each test and a system for calculating risk levels for
each dimension was developed aiming at consistency and
transparency throughout the profile.

Feasibility investigation

The feasibility investigation included functional examina-
tions, standard medical examinations, objective measure-
ment of physical activity, and feedback with test results
and lifestyle counselling. Contact information to 40-year-
old people living a geographic region in western Sweden
with areas with mixed socioeconomic conditions was
obtained from Statistics Sweden (Statistics Sweden (scb.
se)). Invitation letters were sent out aiming at recruiting
approximately 25-30 people. Interested recipients of the
invitation letters contacted the research team. Presump-
tive participants were screened by telephone according to
inclusion and exclusion criteria.

Inclusion criteria: 40 years of age during the study year;
self-assessed as physically inactive, as inactive people
stand to gain the most from the intervention; live near
enough examination location to attend visits; have rela-
tively normal general mobility (can walk without support
and can use all four extremities without self-assessed
difficulties), to be able to perform the functional tests.
Exclusion criteria: Self-reported regular moderate-to-
intensive exercise more than once a week, as this can be
interpreted as similar efforts to prevent lifestyle-related
disorders as the intervention; severe mental illness or
intellectual disability, as participants are expected to
answer questionnaires, follow instructions and have the
ability to make independent lifestyle decisions; preg-
nancy or ongoing hospital-based treatment, to increase
probability that baseline values represent the person’s
usual health state and functional capacity.

Procedure: Participants answered questionnaires
regarding demographics, health and lifestyle through the
Research Electronic Data Capture (REDCap) platform
[24, 25] (Table 1). Well-established questionnaires within
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Table 1 Questionnaires used at inclusion and follow-up

Questionnaire Topic References
Stress and Crisis Inventory-93  Mental health [27]
(SCI-93)
Hospital Anxiety and Depres- ~ Mental health [28]
sion Scale (HADS)
Saltin-Grimby Physical Activity — Self-assessed physical [29-31]
Level Scale activity
NBHW Physical Activity Self-assessed physical [32,33]
activity
SED-GIH Sedentary behaviour [34]
Eurogol 5 dimensions-3 L Health-related quality [35]
of life
Orebro Musculoskeletal Pain Risk for developing [36-38]

Screening Questionnaire—
short form

chronic pain and for
pain-related sickness
absence

Smoking habits*
Project-specific Motivation for change
questionnaires* Self-assessed function
NBHW=(Swedish) National Board of Health and Welfare; *see Additional file 1

Smoking habits

research studies with good evidence for measuring the
desired quality in similar populations were chosen to
measure stress, anxiety, depression, health-related qual-
ity of life, risk for developing chronic pain, and physical
activity. Mental health was examined as it affects over-
all well-being and might affect results of the interven-
tion and need to be included in the statistical analysis
of a larger study. Health-related quality of life is impor-
tant as lifestyle interventions affect many aspects of par-
ticipants' lives. Functional level may have a significant
effect on the risk for developing chronic pain and high-
risk patients may need more support to make lifestyle
changes. Physical activity level is clearly an area of inter-
est and is included in the risk profile. No published ques-
tionnaire was found to measure self-assessed motivation
for lifestyle change to improve health or for self-assessed
physical function according to the dimensions which
were to be examined in this study. Project-specific ques-
tions were, therefore, also posed to enable comparisons
between objectively measured and subjectively assessed
function. The questionnaire for smoking habits is based
on regional healthcare routines. Participants' physical
activity levels were measured objectively for one week
with accelerometers. They were examined by a nurse
who measured height, body weight, waist circumference
and blood pressure and prescribed the following blood
tests: glucose, total cholesterol, triglycerides, low density
lipoproteins, high density lipoproteins. All participants
were also examined by a physiotherapist who performed
tests of fitness, strength, mobility, balance, and posture
according to the functional examination protocol. All
participants received feedback from the nurse regarding
the first part of the examination. In addition, approxi-
mately half the group received feedback from a second
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physiotherapist regarding the functional test results in a
motivational interview [19]. Results from the functional
examination were compiled in a risk profile to illustrate
risk levels associated with individual parameters or rela-
tion to population norms. Participants were supported
in setting goals for desired change and in making realis-
tic plans to achieve these goals. Follow-up examinations
were made at 3—4 months according to the same proce-
dure as above and participants wore accelerometers for
one week once again. All participants received feedback
from all examinations at follow-up. The goals and plans
made in the group who had initially received lifestyle
counselling were also followed up. Clinical investigators
and participants were blinded as to the accelerometer
results until after all examinations were complete.

Feasibility outcomes Exertion levels for each of the func-
tional tests were graded at inclusion on the Borg Rating
of Perceived Exertion Scale (min-max 6—20) [38]. Partici-
pants also graded how easily understandable the instruc-
tions for each test were on a 5-point numerical rating scale
(NRS). Project-specific evaluations were completed after
follow-up concerning impressions of the intervention
and including overall questions concerning exertion and
understandability. Four participants were interviewed in
a focus group concerning their experiences and opinions.
Focus group participants were recruited based on group
allocation, sex, expressed interest in the project, language
ability, and availability for the proposed interview time.
Participants were contacted after all the examinations
and counselling sessions until four were recruited to the
focus group. A 40-minute interview was held digitally
through Microsoft Teams and was led by a researcher
not involved in the project. The interview was recorded,
transcribed verbatim and summarised thematically.
Spontaneous impressions concerning practicalities of the
functional examination protocol expressed during the
examinations were noted and evaluated continuously by
the project management. Participating clinical personnel
also completed project-specific evaluations of their roles
and responsibilities in the project and were encouraged to
propose solutions to difficulties as they arose throughout
the study.

Feasibility would be determined based on participant
and personnel evaluations and experiences, on time
expenditure, exertion levels, understandability, and prac-
ticalities. To be considered feasible, the following was
required:

+ Atleast mean of 3 on a 5-point NRS for the
participant evaluation question “How worthwhile
in general was this intervention— examinations, risk
profile, advice— for you and your state of health?”
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+ Atleast mean of 3 on a 5-point NRS for the
personnel evaluation questionnaire.

+ Mean time for the functional examination less than
90 min.

+ Mean exertion level for the functional examination
less than 13 on the Borg Scale of Perceived Exertion.

+ At least mean of 3 on a 5-point NRS for
understandability of test instructions.

+ Solutions can be devised for any practical difficulties
which arise.

Other participant experiences expressed on evaluation
questionnaires and in a focus group interview would also
be weighed in the overall assessment of feasibility.

Intervention outcomes included demographic and
health variables, level of motivation for making necessary
lifestyle changes to improve health, and self-assessments
of functional capacity. Questionnaire, functional, acceler-
ometric, medical examination and blood test results were
collected as part of the intervention but are not included
in the feasibility investigation.

Results

Functional examination protocol

A protocol for a standardised examination of functional
outcomes was prepared based on literature-validated
tests. In all, 21 functional tests were included in the anal-
ysis (Table 2). The Ekblom-Bak sub-maximal ergometer
test and the 2-minute Step-test were chosen to examine
cardiovascular fitness. Measures of strength in the upper
extremity are based on Handgrip Strength using the
Jamar hand dynamometer (Performance Health Inter-
national LTD, Nottinghamshire, UK) and on a Biceps
test. Strength in the lower extremity is measured with
the 30-second Chair-stand test and Single-foot Heel
Rises. Endurance in trunk muscles is measured with
the Plank test, the Back Endurance test, and the Supine
Bridge test. Mobility is examined with the Sit-Rise test,
the Finger-Floor test, the Lateral Flexion test, and Beigh-
ton’s Hypermobility Score. Balance is examined with the
Stand-on-one-leg eyes open/eyes closed tests, the Func-
tional Reach and Lateral Reach tests, and the Sharpened
Romberg test. Many postural measures are subjective
and unvalidated and were not currently applicable in
this context. Chosen for this project were the Occiput-
to-Wall test, the Navicular Drop test and test of Patella
Mobility when Standing. Details on the performance,
rationale and references for each test can be found in
Table 2.

Risk profile

For the purpose of this study, we created a new risk pro-
file which was visually based on the model used in the
VIP program [23] but adapted to the functional outcomes
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examined in this project. Risk levels for ill-health were
used when published values were available. Otherwise,
population norms were used to describe low risk levels.
Seven functional dimensions were included in the risk
profile: fitness, strength in upper extremity, strength in
lower extremity, strength in trunk muscles, mobility,
balance, and posture. Three non-functional dimensions
were also included: weight, self-assessed physical activity,
and pain assessment. A list of normal or recommended
values for 40-year-olds, sex-based values when relevant
and available, was compiled. A point system where 0
points were given for each test for normal or recom-
mended values+10%. In relation to this reference value,
1 or —1 is given for values 10-30% from 0-level and 2 or
—2 for values more than 30% from 0-level. For Weight
accepted cut-offs for normal weight, overweight/under-
weight and obesity were used. For the Beighton Hyper-
mobility Score, Posture, Pain and two of the Self-assessed
Physical Activity measurements, the possible results were
given point values based on clinical reasoning and follow-
ing the point pattern for the other dimensions as well as
possible (Table 3). For the 2-minute Step-test, the 30-sec-
ond Chair-stand test, the Biceps test and the Sharpened
Romberg test, the 0-level for 40-year-olds was extrapo-
lated from values for other age groups. The strength and
fitness tests have differentiated normal values based on
sex, as do Functional Reach, Sit-Rise, Lateral Flexion and
Waist Circumference. Mean points for the tests belong-
ing to each dimension are presented as the risk level
for that dimension and are included in the risk profile
(Fig. 1). For Mobility, Posture, Weight and Pain, the maxi-
mum point value attainable on the risk profile is 0. For
the other dimensions, maximum is 2. For all dimensions
except Posture, minimum is -2. For Posture, minimum is
-1.

Feasibility investigation

Of those who received an invitation letter to participate
in the study, 7% registered interest and 5% were included
for a total of 27 participants. Two people were lost to fol-
low-up because of personal reasons unconnected to the
project. Another two were unable to participate in com-
plete examinations at follow-up because of health rea-
sons. Two participants required interpreters and another
two spoke only English and not Swedish. Inclusion exam-
inations were made in September-October 2022 and fol-
low-up in January-February 2023. The people included in
the study reported high motivation level to make lifestyle
changes to improve their health situation, mean 7.37 (SD
2.20) on a 10-point NRS.

Comparisons of participant characteristics to popu-
lation norms are shown in Table 4. There was a reason-
able spread of demographic, socioeconomic and health
variables. Education level was higher than in the general



Bornhoft et al. BMC Public Health (2024) 24:681

Table 2 Included functional tests
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Dimension/Test Rationale Performance
(references)
Fitness
Ekblom-Bak Established test. Takes less than 10 min. Normal values avail- ~ Published manual: https://www.gih.se/ekblombaktest
ergometer test able according to age and sex. Validity tested. Sub-maximal
[40, 411 test so should permit performance of other tests shortly
afterwards.
2-minute Step- Established test, simple, quick, minimal equipment. Normal ~ March on the spot as fast as possible without running for 2 min.
test [42-46] values available for age > 50. Extrapolated reference value. Lift knees to halfway between patella and SIAS. Count number of
Values which predict later physical independence available.  steps with right leg.
Validity and reliability tested.
Strength upper
extremity
Handgrip Established test, simple, quick, minimal equipment. Normal  Sit without arm or back support. Hold elbow at 90° and with a

Strength [47-52]  values available according to age and sex. Reliability tested
for several target groups. Predicts cardiovascular disease and
early mortality. Correlated to osteoporosis, general weakness,
falls/fractures, diabetes, multimorbidity, dementia, depres-
sion, sleeping problems and quality of life.

Biceps [42-44] Established test, simple, quick, minimal equipment. Normal
values and values which predict later physical independence
available for age > 60. Extrapolated reference value. Validity
and reliability tested among older adults.

Strength lower

extremity

30s Chair-stand Established test, simple, quick, minimal equipment. Normal

[42,43, 53, 54] values available for younger and older age groups. Extrapo-
lated reference value. Validity and reliability tested among
older adults. Validity tested as fitness indicator among
younger adults.

Single-foot Heel  Established test, simple, quick, minimal equipment. Normal

Rises [55-57] values available. Associated with knee osteoarthritis, and bal-
ance problems, fall risk and mobility impairments in elderly.

Strength trunk

muscles

Plank [58-60] Established test, simple, quick, minimal equipment. Normal
values available. Validity and reliability tested. Endurance in
trunk muscles associated with back problems.

Back Endurance  Established test, simple, quick, minimal equipment. Normal

[61-64] values available. Validity tested. Endurance in back muscles
associated with back problems in men.

Supine Bridge Established test, simple, quick, minimal equipment. Normal
[58, 601 values available. Validity and reliability tested. Endurance in
trunk muscles is associated with back problems.

Mobility
Sit-Rise [65-67] Established test, simple, quick, minimal equipment. Normal
values available. Correlates to general flexibility. Predicts early

mortality.
Finger-Floor Established test, simple, quick, minimal equipment. Values
[68-71] which predict low back pain and return to work after sick

leave for low back pain available. Correlates to reduced back
pain after treatment.

small gap between elbow and trunk. Grip a Jamar hand dyna-
mometer as hard as possible for 3-5 s. Note maximum value.
Repeat 3 times per hand. Alternate measurements of right and left
so that each hand has at least 20 s to rest between measurements.
Use maximum values for right and left.

Sit without arm or back support. Free choice of arm. Start with
elbow in full extension and holding a dumbbell (2 kg for women,
4 kg for men). Perform as many full flexions of the elbow as
possible during 30 s. Examiner holds two fingers on the biceps.
Contact with participants underarm ensures full flexion.

Sit on chair, height 45 cm, arms crossed over chest. Rise to full
standing position with full extension in knees and hips as many
times as possible during 30s.

Stand on 1 foot on 10° wedge near a wall with balance support
of 2 fingers on each hand on the wall. Lift heel as high as possible
at the rate of 1 heel rise/s. Use a metronome to hold the pace.
Maximum number of repetitions at same pace.

Lie on stomach. Lift body in a straight line resting on elbows and
toes. Hold position as long as possible.

Lie prone on examination bench with SIAS in line with the edge
and upper body free. Support with hands on a chair until test
starts. Strap lower body to bench with one belt below the hips
and one at ankle level. Lift hands and cross arms over chest. Hold
upper body parallel with floor for as long as possible.

Lie on back with bent knees. Feet on floor, hip breadth. Hands

by ears or crossed over chest. Raise pelvis so that knees, hips and
shoulders form a straight line. Hold as long as possible. If still hold-
ing at 2 min, extend the dominant* leg at the knee.

Stand in front of an exercise mat. Sit down on the mat using as
little support as possible. Stand up again with as little support

as possible. Maximum 5 points for sitting and 5 points for rising,
reduce by 1 point for every point of contact and by 0.5 points for
uncontrolled movement. Best of 2 repetitions.

Stand with feet together, extended knees, no shoes. Bend forward
as far as possible while keeping knees extended. Measure distance
from tip of middle finger to floor.
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Table 2 (continued)

Dimension/Test Rationale Performance

(references)

Lateral Flexion Established test, simple, quick, minimal equipment. Limited  Stand with heels and shoulders against a wall, 15 cm between
[72-76] lateral flexion predicts low back pain. Reliability tested. Cut-  heels. Arms hanging along sides. Measure from floor to tip of long

off values available.

Beighton Hyper-  Established test, simple, quick, no equipment. General hy-

finger. Bend to the side letting the hand glide down the leg. Mea-
sure distance from floor to tip of long finger. Mean of left and right.

1 point for each of the following: at least 90° extension in little

mobility Score permobility associated with joint pain. Accepted system for  finger, > 10° hyperextension in elbow or knee, can bend the wrist

[77,78] grading degree of hypermobility.

enough for the thumb to touch the underarm, standing with
extended knees can place palms on floor. All tests made bilaterally
except for the standing flexion.

Balance

Stand-on-one- Established test, simple, quick, minimal equipment. Normal  Stand on one leg without support for as long as possible without

leg-eyes-open values available but tested with maximum 2 min. Validity and moving the foot on the floor. Free choice of leg. Arms hanging

[79, 80] reliability tested. Measures static balance. at sides from start but arm movement may be used to maintain
balance. Maximum 3 min.

Stand-on-one- Established test, simple, quick, minimal equipment. Normal  Stand on one leg with eyes closed without support for as long as

leg-eyes-closed  values available but tested with maximum 2 min. Validity
[80] tested. Measures static balance.

possible without moving the foot on the floor. Free choice of leg.
Arms hanging at sides from start but arm movement may be used
to maintain balance. Maximum 3 min.

Functional Reach  Established test, simple, quick, minimal equipment. Normal  Stand with right side towards a wall but without touching, wear-
[81-86] values available. Validity and reliability tested. Correlates to ing comfortable shoes. Stretch right arm forward to 90°. Mark
Bergs balance test and to fall risk. Measures dynamic balance  starting point on the wall from the tip of the middle finger. Stretch

in the sagittal plane.

as far forward as possible without moving the feet or touching
the wall. Mark the furthest point from the tip of the long finger.
Measure horizontal distance between the 2 points. Best of 2 tries.

Lateral Reach [82, Established test, simple, quick, minimal equipment. Normal  Stand with back towards a wall but without touching, wearing

83, 87] values available. Validity and reliability tested. Measures
dynamic balance in the frontal plane.

comfortable shoes. Stretch one arm to the side to 90°. Mark start-
ing point on the wall from the tip of the middle finger. Stretch as
far to the side as possible without moving the feet, touching the
wall, bending the knees or twisting the trunk. Mark the furthest
point from the tip of the long finger. Measure horizontal distance
between the 2 points. Repeat 3 times/side. Use mean values.

Sharpened Rom-  Established test, simple, quick, minimal equipment. Normal  Stand heel to toe with the dominant foot forward. Arms crossed

berg [88, 89] values available. Validity and reliability tested. Calculated
reference value.

over the chest. Eyes closed. Time until eyes open, foot moves or
support is taken with hands. Repeat 3 times. Use mean value.
Maximum 3 min total for 3 repetitions.

Posture
Occiput-to-wall Established test, simple, quick, minimal equipment. Normal  Stand with back towards a wall, heels 10 cm from the wall, wall
[90] values available. Related test, Tragus-to-wall, is validity and contact with pelvic region and thoracic spine. Pull in chin and

reliability tested and correlates to Occiput-to-wall. Correlates  press back of head against the wall. Contact- yes or no.

to radiological deviations and other mobility and postural
measurements.

Navicular Drop Established test, simple, quick, minimal equipment. Recom-  Stand barefoot with most weight on one foot. Os navicularis is

[91-93] mended values available. Validity and reliability tested.
Measures pronation which is associated with low back pai
pain and injuries in the lower extremity and predicts ankle
injuries in children who play sports.

Patella Mobility in  Established test, simple, quick, no equipment. Patella is
Standing [94,95]  locked if knee is flexed or hyperextended. Hyperextension

marked with a pen on the non-weightbearing foot. Examiner

n, adjusts foot into neutral position and measures the distance be-
tween the floor and os navicularis. Redistribute weight to normal
standing position. Measure distance from floor to os navicularis
once more. Use difference between measurements for each foot.

Stand relaxed in habitual pose. Examiner tests patella mobility.
Locked- yes or no.

is associated with knee pain among the obese and predicts

knee injuries among children who play sports.

SIAS=spina iliaca anterior superior; *dominant leg defined by preferred leg to kick a

population. The difference in civil state can be explained
by the high frequency of common-law relationships in
Sweden, while the database only reported registered mar-
riages. Participants were generally healthy. Many were
slightly overweight. None had diabetes, cardiovascular

ball

or lung diseases. One person had hypertension and two
reported depression. Mean scores on screening instru-
ments for mental health were below accepted cut-offs
for ill-health (SCI-93 22.11 (SD 21.05), HADS-anxiety
6.11 (SD 4.60), HADS-depression 4.15 (SD 3.41)). Three
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Table 3 Reference levels for the risk profile and risk level calculations

Page 8 of 15

Test/Dimension 0-level £ 10%* Risk level
Male Female
Fitness (F14+F2)/2
F1: Ekblom-Bak cycle test (ml/kg/min) 39.3-427 32.8-359
F2: 2-minute Step-test (n) 104-128 94-114
Strength upper extremity (SUET+SUE2)/2
SUET: Handgrip maximum (kg) 45-55 27-33
- mean points left, right
SUE2: Biceps (n) 19-23 17-21
Strength lower extremity (SLET +SLE2)/2
SLE1: 30-sec Chair-stand (n) 18-22 16-20
SLE2: Single-foot heel rise (n) 20-25 19-23 right
- mean points left, right 17-21 left
Strength trunk muscles (ST1+ST2+ST3)/3
ST1: Plank (sec) 84-102 46-56
ST2: Back Endurance (sec) 88-108 80-98
ST3: Supine Bridge (sec) 170-207 137-167
Mobility (M1+M2+M3+M4)/4
M1: Sit-Rise (points) 9-10 10
M2: Finger-Floor (cm) 0-6 0-6
M3: Lateral Flexion (cm) >174 >16.7
M4: Beighton Hypermobility Score (points) 0-3=0
4-6=-1
7-9=-2
Balance (B1+B2+B3+B4+B5)/5
B1: SOLEO (sec) 99-121 99-121
B2: SOLEC (sec) 50-60 50-60
B3: Functional Reach (cm) 38.3-46.7 33.5-40.9
B4: Lateral Reach (cm) 17.1-209 17.1-209
- mean points left, right
B5: Sharpened Romberg (sec) 41-51 41-51
Posture (Po+Po2+Po3)/3
Po1: Occiput-to-wall No =-1Yes=0
Po2: Navicular Drop (within normal limits 5-9 mm) No =-1Yes=0
- mean points left, right
Po3: Patella Mobility Yes=-1No=0
- mean points left, right
Weight (W1+W2)/2
W1: Body mass index— Overweight (25.0-29.9) = -1 18.5-24.9 18.5-249
Underweight (< 18.5) =-1
Obesity (>30.0) = -2
W?2: Waist circumference <94.0 <80.0

Self-assessed physical activity
PAT: SGPALS (4 choices)

PA2: NBHW-PA

(minutes exercise/week)*2 + minutes non-strenuous activity

PA3: SED-GIH (hours/day)

Pain

Physically inactive = -2

Some light physical activity=0

Regular physical activity and training=1
Regular hard physical training=2
270-329 270-329

<4=2
4-6=1
7-9=0
10-12=-1
>12=-2

(PA1+PA2+PA3)/3

(P1+P2+P3)/3




Bornhoft et al. BMC Public Health (2024) 24:681

Table 3 (continued)
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Test/Dimension

O-level £ 10%* Risk level

Male Female

P1: Pain diagram

P2: OMPSQ-SF

P3: EQ-5D pain question

No pain areas=0

1 pain area = -1

>1 pain area =-2

0-49=0

50-60 = -1

>60=-2

No pain or discomfort=0
Moderate pain or discomfort = -1
Extreme pain or discomfort = -2

*0-levels are found in or extrapolated from references given for each test in Tab!
EQ-5D=Euroqol-5 dimensions

Table 4 Comparison of study participants to reference values

Study Refer-
ence
value

Sex? Proportion male/female 1.08 1.06
Education? Proportion university/other 244 1.10
Activity®: Proportion working/not working 12.5 15.76
Income?: Proportion high/low® 1.08 1
Born®: Proportion Sweden/not Sweden 145 1.85
Civil state®: Proportion cohabitating/single 2.85 0.96
Body mass index (kg/mz) (SD) 258 (3.8) <250
Waist circumference male (cm) (SD) 96.6 (8.7) <940
Waist circumference female (cm) (SD) 84.0(8.9) <80.0
Glucose (mmol/L) (SD) 5.1(0.7) 40-6.0
Total cholesterol (mmol/L) (SD) 45(1.0) 33-69
Triglycerides (mmol/L) (SD) 1.2(0.8) 045-26
LDL/HDL (SD) 25(1.0) 04-6.6
Systolic blood pressure (mmHg) 119.1(128) <140
Diastolic blood pressure (mmHg) 80.9 (9.1) <90

2Compared to Swedish population through Statistics Sweden. "Proportion
reporting income over Swedish mean for 2022. “Population statistics for
Married/not married. SD=Standard deviation

people (11%) were smokers. Overall, the participant
group was somewhat under normal/recommended val-
ues on the risk profile and far under maximum values
(Fig. 1).

Exertion levels for individual functional tests were in
the range 8—16 on the Borg Rating of Perceived Exertion
Scale. Mean exertion for the tests was 11.79 (SD 1.42) and
exceeded 13 (corresponding to “somewhat hard”) only for
the Supine bridge test, the Plank test, the Back endurance
test, the 2-minute Step-test and the Single foot heel rises.
Participants found the instructions for each test easy to
understand— mean 4.86 (SD 0.21) on a 5-point NRS scale.

The participants who required interpreters received
some help with the questionnaires from the interpreter,
but this took more time than was allotted to the visit. The
participants who spoke only English were given English
versions of the questionnaires on paper. The examin-
ers were all able to accommodate English speakers. The

le 2. OMPSQ-SF=0rebro Musculoskeletal Pain screening Questionnaire— short form.

functional examination took, in most cases, 60—75 min to
perform.

Participant feedback expressed on the evaluation ques-
tionnaires can be found in Table 5. During the examina-
tions, some participants also gave feedback on the test
order and minor adjustments were made during the
study (Additional file 2). After conclusion of the interven-
tion, four participants - two who had received lifestyle
counselling and two who had not, three female, one male
- participated in a focus group concerning their experi-
ences in the study. These are summarised in Table 6.

Feedback from collaborating clinical personnel was
collected (N=2). They found the intervention instruc-
tions easy to understand overall, it was clear how they
were to lead individual tests and examinations and it was
easy to document the results (Mean 4.90 (SD 0.14). They
found that the test order worked well. A detailed study
protocol form facilitated documentation of results and
simplified for the physiotherapist to lead the examination
as planned (Additional file 2).

Blood test, questionnaire, functional test and risk level
results, while pertinent to giving individualised feedback,
did not specifically affect the feasibility of the interven-
tion and are not presented here.

A structured review of all logistics by the research
team after the feasibility study led to proposals of suitable
modifications of the study protocol for future studies.

Defined feasibility criteria were fulfilled (Table 7).

Discussion

A relevant battery of functional tests applicable to inac-
tive 40-year-olds without major health problems was
compiled. The tests were understandable, required rea-
sonable exertion, and participants enjoyed performing
them. A risk profile was produced which participants
found easy to understand. It lifted health aspects which
were not always specifically considered earlier and
seemed to help motivate to lifestyle changes. All partici-
pants had room for improvement on the risk profile. Life-
style counselling was appreciated and helped guide plans
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Fig. 1 Participant values, reference values and maximum values on the risk profile

Table 5 Participant feedback from questionnaire

Question NRS (SD)
(N=16)

Average exertion level during examination 2.63(0.89)
How painful were the tests on average? 06 (1.48)
Did the examination take too long? 25(1.53)
How understandable were the test instructions? 4.69 (0.48)
Was the number of questionnaires problematic? 0.81(1.22)
How interested would you be in regular functional exami-  4.31 (1.08)
nations within health care?

To what degree did you feel that the whole intervention— 4.31(0.70)

the examinations, the risk profile and the feedback- were of
value to you and your health situation?

NRS=Numerical Rating Scale (low/not at all/to low extent/no value (0)- high/far
too long/to high extent/high value (5))

for lifestyle change. The whole intervention fulfilled our
feasibility requirements regarding participant and per-
sonnel experiences, time, exertion, understandability, and
practicalities. Participants saw value in the intervention
for their personal health situation and were interested in

regular examinations within healthcare. Those partici-
pants who registered for the study were well-educated,
fairly healthy and highly motivated to make lifestyle
changes to improve their health status.

There is an abundance of functional tests and test bat-
teries in the literature. Many were not applicable as they
were aimed at younger people who participate in high
level sports or at older people who have a high risk for
injury and disease [43, 95]. Included tests were chosen
based on clinical reasoning concerning appropriate dif-
ficulty level for the 40-year-old target group, ascertained
validity and reliability, and availability of applicable refer-
ence values. The chosen tests worked generally well for
the examined 40-year-old population. Cut-offs for the
2-minute step-test had been extrapolated to be applicable
to 40-years-old but were likely too low as there was often
a considerable difference in point values between this test
and the Ekblom-Bak cycle test on the risk profile. This
led to perhaps better values for fitness on the risk pro-
file than were warranted. An adjustment of calculation of



Bornhoft et al. BMC Public Health (2024) 24:681

Table 6 Participant experiences from the focus group
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Table 7 Feasibility criteria

Subject Results

Invitation Felt tempted to get a health assessment and to
get help with lifestyle changes.

Did not seem too demanding timewise, could be
managed around worktimes.

Attractive to participate in research and to contrib-
ute to public health.

The association with established healthcare pro-
viders made the study feel “serious”.

Participation Felt very positive, was encouraged by friends and
colleagues who would have liked to participate.
The procedure and visits did not take too much
time.

It was easy to understand and do what needed to
be done.

It was “fun”to participate in the functional exami-
nation and the examination time went quickly.
Flexible examination times were appreciated.
Surprised over the number of tests and level of
exertion but all tests felt relevant.

It felt a little old-fashioned without any digital
examinations or specialised equipment but in a
nice way.

The cycle test was not as demanding as expected.
It felt very positive to see improvement in the tests
and risk levels, especially in relation to the lifestyle
changes made after inclusion.

The risk profile and feedback felt like a reward for
participating; they were worthwhile on a personal
level.

It felt useful to see where improvements were
needed and new insights into own health were
made.

To get objective results about personal physical
capacity was motivating.

Participants who did not receive lifestyle counsel-
ling initially would have preferred to be in the
counselled group to get feedback and support
from the beginning of the study.

Suggestions for
improvement

Recommend more information about the planned
procedures at the first visit.

Recommend feedback and documentation on
paper rather than in digital format.

Recommend more focus on mental health.
Recommend more structured focus on goal attain-
ment and planned lifestyle changes at follow-up.
Recommend follow-up at the same time of year as

inclusion. Many people are less active in the winter.

Follow-up time of 3-4 months was too short to ac-
complish planned changes of activity and lifestyle.
Some people may need more support or supervi-
sion to make lifestyle changes than merely feed-
back on functional capacity.
General
comments

Screening with functional examinations may lead
to detecting people in need of extensive support.
It should be positive in a socioeconomic perspec-
tive to prevent the development of ill-health
through this type of intervention.

Criterium Goal Actual Goal
achievement

Main participant evaluation ques- >3 431 &
tion (5-point NRS) '
Personnel evaluation questions >3 4.90 &
(5-point NRS) '
Mean time (min) <90 60-75 3)
Mean exertion (Borg) <13 11.79 3)
Mean understandability (5-point >3 4.86 &
NRS) '
Proportion solved practical 100%  100% &
problems '

risk level for fitness is planned before the risk profile is
used on other groups. Otherwise, we plan to employ the
test protocol and risk profile as they are in future studies.

Grouping test performance according to dimension, in
other words all the balance tests together or all the mobil-
ity tests together, would have been easier for the physio-
therapist leading the functional examination. The test
order was, however, determined based on the exertion
level for the participant. “Easy” tests were interspersed
between more strenuous tests to give time for recovery
without wasting examination time (Additional file 2).
Self-assessed exertion levels were within reasonable lim-
its with a good spread of strenuous and non-strenuous
tests which helped finalise the test order. Written instruc-
tions were prepared for each test, but the examiner was
allowed to instruct freely, as a physiotherapist might do
in a clinical situation. The participants found that this
worked well and that they understood what they were
supposed to do. REDCap was chosen as a secure elec-
tronic case report form. It worked well for data collection
from the examination and questionnaires. However, diffi-
culties ensued for non-Swedish speakers, for whom indi-
vidual solutions needed to be devised [96].

The 40-year-old population was targeted as a possible
optimal age for interventions aimed at preventing life-
style-related disorders based on clinical reasoning and
targeted ages in other preventive interventions [97]. Lit-
erature has lifted the importance of identifying and utilis-
ing “teachable moments” when motivating behavioural
change [98]. A new age decade may stimulate thoughts
about maintaining health for certain groups. At the age
of 40, most people are still generally healthy but may start
to notice subtle signs of ageing and reduced functional
capacity. While there is no exact age limit for becom-
ing middle-aged, 40-years is one of the accepted cut-offs
and may affect how people think of themselves. If we
had examined 50-year-olds, it is likely that a somewhat
higher proportion would already have established life-
style-related disorders, while if we chose 30- or 35-year-
olds, we hypothesised that interest for future health and
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perhaps time for self-care might be lower. Our group of
40-year-old participants were, in fact, very interested
in lifestyle counselling but it is unknown how much age
influenced their interest.

Telephone screening of interested parties’ physical
activity levels was somewhat problematic as people seem
to have difficulty evaluating how active they are and are
uncertain how strenuous moderate physical activity
should be. Only in extreme cases, where the person was
completely inactive or trained intensely and frequently
were they able to adequately account for their activity
levels. As people with a self-defined “normal” activity
level could reasonably stand to gain from the interven-
tion, only people who could clearly say they exercised
intensely and frequently were excluded [99]. We plan to
use the Saltin Grimby Physical Activity Scale in future
studies to clarify the cut-off level for physical activity
when recruiting. All participants, individually and as a
group, had some dimensions with room for improvement
on the risk profile and participants in the focus group
expressed that the choice of tests and the necessary exer-
tion level felt relevant. So, while the most inactive people
have the most to gain through the intervention, the group
of “somewhat inactive” people also seem to find the inter-
vention advantageous [99]. We also plan to incorporate
the accelerometer data in the physical activity arm of the
risk profile in future studies. As the participants were
fairly unsure of how active they were, the objective accel-
erometer measures should help them understand their
own exertion levels better.

Participants were invited to participate through con-
tact information provided by Statistics Sweden. It was
not possible to guarantee an appropriate spread of
demographic variables in this way, especially since the
response rate was so low. A geographic area including
areas with mixed socioeconomic conditions was chosen
but still people with higher education were overrepre-
sented in the study, while other demographic aspects
were more congruent with Swedish norms [96, 100].
Civil state is not assessed to be different from popula-
tions norms as co-habitation is very common in Sweden,
while population statistics reflect only marital status. So,
it is primarily educational level which affects generalis-
ability of the results. People with higher education may
have areas of employment with more time flexibility. It
is possible that the timing of the examinations and num-
ber of visits was easier to accommodate for people who
had flexible worktimes. Perhaps minimising the number
of visits and including examination times outside normal
work hours could encourage participation from people
with a broader spectrum of educational backgrounds
[96, 100]. To reach a participant group with more varied
sociodemographic backgrounds, we propose to recruit
participants through primary care clinics in a larger
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study. Each Swedish citizen is registered at a primary
care clinic which is responsible for first-line healthcare.
By recruiting clinics in geographical areas with varying
socioeconomic conditions and contacting their regis-
tered 40-year-olds, we hope to increase participation in
underrepresented groups. Results from the focus group
also point out that connection with known healthcare
providers increased credibility for the project organisa-
tion and motivation to make contact and register for the
study.

Those who were interested in participating in the study
were self-assessed as very motivated to making nec-
essary changes in lifestyle. However, only 7% of those
who received invitation letters made contact to express
interest in participating. Motivation for lifestyle change,
unclear self-assessment as to physical activity level, as
well as practical difficulties may be among the reasons
for the low interest rate. Interest in taking responsibility
for maintaining health may generally be higher among
people with higher education, such as those who volun-
teered for this study [101]. However, the uniform high
level of motivation for lifestyle changes among all par-
ticipants restricts the generalisability to highly motivated
people. As with many lifestyle interventions, those who
are in greatest need of making changes may be the most
difficult to reach [101]. However, reaching those who are
already motivated to make lifestyle changes but who need
knowledge and support to succeed may be more efficient
than laying extensive healthcare resources on people who
need to make lifestyle changes for health reasons but who
are not motivated to do so. This latter group may have
greater need of “primordial prevention” aimed at health
behaviour on the societal level than the type of primary
prevention aimed at risk factors which is investigated in
this study [102, 103].

The participants were engaged in the study and felt
the intervention was helpful to them on a personal level.
Some were surprised by their results. Others got results
they expected but felt it helpful to clarify which dimen-
sions they needed to focus on to improve current health
or reduce risk for future health problems. It is important
to create target group-friendly interventions, such as this
one, that awaken interest for preventing health disorders,
if we are to succeed in reducing lifestyle-related ill-health.

Conclusions

This project developed a functional test battery and risk
profile aimed at inactive 40-year-olds which fulfilled
our feasibility criteria. Functional screening and lifestyle
counselling were found to be of value to a sub-group of
inactive 40-year-olds who already were motivated to
improve their health situations. Attempts will be made in
future studies to reach a broader target group.
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