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Abstract

Background: Physical activity (PA) can be used to prevent and treat diseases. In Sweden, licensed healthcare
professionals use PA on prescription (PAP) to support patients to increase their PA level. The aim of this randomized
controlled trial was to evaluate a 2-year intervention of two different strategies of PAP treatment for patients with
insufficient PA level, after a previous 6-month period of ordinary PAP treatment in a primary health care setting.

Methods: We included 190 patients, 27–77 years, physically inactive with metabolic risk factors where the patients
were not responding to a previous 6-month PAP treatment with increased PA. The patients were randomized to
either enhanced support from a physiotherapist (PT group) or continued ordinary PAP treatment at the health care
centre (HCC group). The PAP treatment included an individualized dialogue; an individually dosed PA
recommendation, including a written prescription; and a structured follow-up. In addition to PAP, the PT group
received aerobic fitness tests and more frequent scheduled follow-ups. The patient PA level, metabolic health, and
health-related quality of life (HRQOL) were measured at baseline and at 1- and 2-year follow-ups.

Results: At the 2-year follow-up, 62.9% of the PT group and 50.8% of the HCC group had increased their PA level
and 31.4% vs. 38.5% achieved ≥ 150 min of moderate-intensity PA/week (difference between groups n.s.). Over
2 years, both groups displayed increased high-density lipoproteins (HDL) (p = 0.004 vs. baseline), increased mental
health status (MCS) (p = 0.036), and reduced body mass index (BMI) (p = 0.001), with no difference between groups.
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Conclusion: During long-term PAP interventions, the PA level, metabolic health, and HRQOL increased in patients
at metabolic risk without significant differences between groups. The results indicate to be independent of any
changes in pharmacological treatment. We demonstrated that the PAP treatment was feasible in ordinary primary
care. Both the patients and the healthcare system benefitted from the improvement in metabolic risk factors.
Future studies should elucidate effective long-term PAP-treatment strategies.

Trial registration: ClinicalTrials.gov NCT03012516. Registered on 30 December 2016—retrospectively registered.

Keywords: Primary health care, Physical activity, Metabolic syndrome, Quality of life, Health behaviour, Physical
therapy

Background
From 2007 to 2017, non-communicable diseases (NCDs)
contributed to 3/4 of total deaths globally [1]. The most
common cause of death was cardiovascular disease, and
three metabolic risk factors, high systolic blood pressure
(SBP), high fasting plasma glucose (FPG), and high body
mass index (BMI), were considered leading contributors
to the global burden of diseases [1, 2]. Physical inactivity
was ranked the fourth leading risk factor for NCDs and
global mortality [1, 3]. Robust evidence has supported the
positive health effects of regular physical activity (PA) in
humans, including the prevention and treatment of meta-
bolic risk factors, cardiovascular disease, and diabetes type
2 [4]. Therefore, it is worrisome that only a minority of all
adults are achieving the internationally recommended PA
level of at least 150min of moderate-intensity PA or 75
min of vigorous-intensity PA per week [3, 5].
Interventions that focus on increasing PA are highly

important. A meta-analysis of predominately individual
primary care, community, and home-based PA interven-
tions in healthy adults found maintained improvement
in PA levels for > 12months compared to control group
[6]. The evidence base for effectiveness, measured as
standardized mean differences, reached levels of suffi-
ciency and stability in 2011. In several countries, differ-
ent variations of PA referral schemes have been tested in
the healthcare system. Those studies produced varying
results regarding, for example, PA levels, and further re-
search is warranted [7, 8].
In Sweden, the physical activity on prescription (PAP)

method include three core elements: patient-centred dia-
logues; individually-tailored PA recommendations, with
a written prescription; and individualized, structured
follow-ups. A recent systematic review presented high-
level evidence, which showed that PAP can increase the
PA level in patients being insufficiently active in the
healthcare setting [9]. The individualized parts of PAP
treatment may be crucial in influencing the patient’s
capability and motivation to increase PA [10–12]. Swed-
ish PAP studies have shown that, among subjects that
increased their PA levels, compliance declined over time.
At 6 and 12months, 65% and 50% of patients,

respectively, remained adherent to the recommended PA
level [13, 14]. Rödjer et al. conducted a primary care
PAP study and found that, compared to baseline, sub-
jects reported significant increases in PA level at 6 and
12months, followed by an on-going, but non-significant
trend at 24 months [15].
All licensed Swedish healthcare professionals can use

PAP treatment, but there is a need for more knowledge,
clear, supportive management, and central/local sup-
porting structures for the successful implementation of
PAP treatment [11, 16]. These needs have also been
highlighted internationally [17]. Healthcare professionals
must provide intervention strategies that support both
the initial change in behaviour and the maintenance of
behavioural changes over time [18], because it is well
known that establishing a new lifestyle habit takes time
[19]. In Swedish health care, PA and PAP remain under-
utilized as treatment strategies [20], and further studies
are needed to elucidate effective PAP treatment strat-
egies, with longer follow-up periods, suitable for differ-
ent patient groups [7, 21].
The present study conducted a 2-year, two-armed

PAP trial on patients with insufficient PA level after a
prior 6-month PAP treatment in a primary healthcare
setting. The alternatives that we considered interesting
to study was continued PAP treatment as before, in the
health care centre (HCC), or an enhanced PAP treat-
ment conducted by physiotherapist (PT).
The aim of this study was to explore possible differences

between the PAP interventions concerning PA-level,
metabolic risk factors and health-related quality of life and
to evaluate the long-term effects of both methods.

Methods
Study design
This study was a 2-year randomized controlled trial
(RCT) of PAP treatment with two arms: one PT group
and one HCC group. The present study was part of an
ongoing study that included 444 patients with a 5-year
follow-up that was described previously [22, 23]. The
study was approved by the Regional Ethical Review
Board in Gothenburg, Sweden (Dnr 529-09).
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Study population
The study population included 190 patients, insufficiently
physically active, according to the internationally recom-
mended minimum PA level of 150min/week, aged 27–77
years. With metabolic risk factors. Prior to study inclusion,
the patients had undergone PAP treatment for 6months
at one of 15 designated health care centres in Gothenburg,
Sweden. During the first 6 months of PAP treatment, 56%
of patients increased their PA level to some extent, 22%
decreased their PA level, and 22% remained unchanged.
Importantly, all 190 patients, who were later included in
the study, did not reach a PA level of 150min/week. PA
was assessed with two questions regarding moderate vs.
vigorous PA intensity during the past week. All patients
agreed to participate, both orally and in writing, and were
included from 2010 to 2014. The patients were then ran-
domized by an administrator (stratified randomization,
based on block randomization). An automated computer-
based programme stratified patients by age (≤ or > 55
years), sex (female or male), and BMI (< or ≥ 30 kg/m2).
Patients were randomized to receive either enhanced PAP
treatment, with support from a PT (PT group, n = 98), or
continued ordinary PAP treatment, the same as the previ-
ous 6-month PAP treatment, with support from nurses at
the HCC (HCC group, n = 92). The administrator com-
municated the results of the randomization to each pa-
tient and to the PT or HCC via telephone. The PT or
HCC contacted the patient to begin the intervention.

Intervention
Nurses trained in the health effects of PA, and the PAP
method provided PAP treatment in the HCC group. The
PAP treatment included an individualized dialogue
about PA, an individually dosed PA recommendation,
including a written prescription, and an individual-
adjusted follow-up. The physiotherapists that provided
PAP treatment in the PT group were also educated in
PAP treatment. The intervention included the same first
two parts of treatment described for the HCC group.
The third part of treatment (the follow-up) differed and
was arranged via a fixed follow-up schedule. Patients
were followed up 6 times during the first year of the
intervention (at 4 weeks, 10 weeks, 4 months, 6 months,
9 months, and 1 year) and three times during the second
year (at 15 months, 18 months, and 2 years). The PT
group also received an added aerobic physical fitness test
(VO2max), performed on an ergometric bicycle (3 tests
in the first year; 1 test in the second year). The results
from the ergometer bicycle tests provided the basis for a
continuing motivating dialogue about PA and an indi-
vidually dosed PA recommendation. The agreed recom-
mendations were written in the prescription regarding
the appropriate frequency, duration, and intensity of PA.
In summary, the RCT compared long-term, continual,

standard PAP to enhanced PAP, with an added ergom-
eter bicycle tests and more frequent follow-ups, accord-
ing to a fixed schedule.

Measurements
We measured the PA level, metabolic health, and
health-related quality of life (HRQOL) in both groups, at
baseline, at 1 year, and at 2 years. All measurements
were performed by the nurses at the HCC. At baseline,
we collected values for age, sex, smoking, economic sta-
tus, social situation, and education. At the 1- and 2-year
follow-ups, we measured changes in medication during
the prior 6 months and the frequency of PAP support
from the healthcare provider at the HCC during the prior
6 months where the patient’s contact frequency was cat-
egorized in 1–2, 3–5, 6–10, 11–20, and ≥ 21 contacts.

PA level
PA was assessed with two questionnaires. The first ques-
tionnaire was a self-assessment of two PA questions. Pa-
tients received 1 point when they were physically active
at a moderate-intensity level for 30 min per day, and 1.7
points when they were physically active at a more
vigorous-intensity level for 20 min per day. A weekly
score of ≥ 5 points indicated an adequate PA level, ac-
cording to the American College of Sports Medicine
(ACSM) and the American Heart Association (AHA)
public health recommendations [24]. In this study, this
questionnaire was referred to as the ACSM/AHA ques-
tionnaire. The second questionnaire was the Inter-
national Physical Activity Questionnaire (IPAQ). It
recorded the duration (min) and frequency (days) of
three specific types of PA performed during the past 7
days: walking, moderate-intensity activities, and
vigorous-intensity activities, which were scored separ-
ately. The results are presented as median metabolic
equivalent (MET)-minutes per week (an energy expend-
iture estimate) with a total MET-minutes/week (Total-
MET) summarized from the three types of PA, weighted
as follows: walking (3.3 METs), moderate-intensity activ-
ity (4.0 METs), and vigorous-intensity activity (8.0
METs) (duration × frequency × MET intensity) [25, 26].

Anthropometrics
For the BMI (kg/m2), body weight was measured with
patient wearing light clothing and no shoes; it was esti-
mated to the nearest 0.1 kg (electric scale Carl Lidén
AFW D300, Jönköping, Sweden). Body height was mea-
sured in an upright position, without shoes; it was esti-
mated to the nearest 0.5 cm (scale fixed to the wall,
PEM 136, Hultafors, Sweden). The waist circumference
(WC) was measured with the patient standing, after ex-
haling air from the lungs. A measuring-tape (Kirchner
Wilhelm, Aspberg, Germany) was placed on the patient’s
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skin, between the lower rib and the iliac crest, and the
WC was estimated to the nearest 0.5 cm.

Blood pressure
Systolic and diastolic blood pressure (SBP, DBP) were
measured (in mmHg) with the patient seated, after 5
min of rest [27]. The blood pressure sphygmomanom-
eter (Omron HEM-907, Kyoto, Japan) was attached to
the right upper arm at the level of the heart.

Blood samples
Blood samples were analysed to determine the levels of
fasting plasma glucose (FPG) after an overnight fast, tri-
glycerides (TG), total cholesterol (Chol), high-density
lipoprotein (HDL), and low-density lipoprotein (LDL),
all expressed in mmol/litre. Values were analysed ac-
cording to the European Accreditation system [28].

Health-related quality of life
The Swedish version of the Short Form 36 (SF-36 Stand-
ard Swedish Version 1.0) was used to measure HRQOL
[29]. The 36 questions generated eight health concepts,
which were grouped to express the physical component
summary (PCS) and the mental component summary
(MCS). These scores were converted to a range of 0–100
points, where higher values represented a better HRQOL.

Statistical analysis
Sample size was calculated based on a power of 87.5% to
detect a difference of 20% between groups, in patients
reaching ≥ 150 min of moderate-intensity PA/week, at a
significance level of 0.05 [30]. We hypothesized that 40%
in the PT group and 20% in the HCC group would reach
a sufficient PA level. According to this analysis, 200 pa-
tients were needed: 100 patients in each group. We ran-
domized 190 patients for the study, with 98 patients in
the PT group and 92 patients in the HCC group.
Baseline characteristics are presented as the mean (±

standard deviation [SD]), the median (25–75 percen-
tiles), or the number (%). Baseline values were compared
between the groups that completed 2 years in the study
vs. the dropout group. Differences were evaluated with
an independent sample t test or Mann-Whitney U test,
according to data requirements.
All analyses were performed according to intention to

treat (ITT). Missing data were, based on the authors’
knowledge of the data and research field, assumed be
missing at random (MAR). Linear mixed-effects models
were used to analyse longitudinal changes, from baseline
to 1 or 2 years. The dependence between repeated mea-
sures for each individual was modelled by a random
intercept, and the residuals were modelled with a diag-
onal covariance matrix, hence allowing for unequal vari-
ances at different time points. All parameters and

marginal means for outcome variables were reported with
point estimates and 95% confidence intervals (95% CI). Fixed
effects independent variables were time, group, and the inter-
action term, time × group. Dependent variables were Total-
MET, BMI, WC, SBP, DBP, FPG, TG, Chol, HDL, LDL, PCS,
and MCS, respectively. To accomplish homogeneity of vari-
ances, we log-transformed the dependent variables: Total-
MET, FPG, and TG. The potential covariates, age, sex,
smoking, economic status, social situation, and education, at
baseline were first added individually for each model. Inter-
action terms and potential covariates that showed p values >
0.05 were not included in the final regression model. Statis-
tical significance was set at p value ≤ 0.05.
At the 2-year follow-up, we analysed increases in PA level

using the ACSM/AHA questionnaire not included in the
mixed effect-models analysis. We used the paired sample t
test to evaluate within-group differences and the independ-
ent sample t test to evaluate between-group differences re-
garding increases in PA. These data were not shown in a
table. The proportion of patients who achieved target PA
level, according to public health recommendations, was pre-
sented in percent in each group. Additionally, at the 1- and
2-year follow-up, we analysed the follow-up question: Have
you changed your medication during the past 6 months? with
multiple choice options: No, Yes increased, or Yes decreased.
We used the chi-square test for independence between
groups and the McNemar-Bowker Test for within-group
comparisons. Statistical significance was set at p ≤ 0.05.

Results
Study population
Of the 98 patients randomized to the PT-group, 83 (85%)
attended the 1-year follow-up and 64 (65%) had received
and continued allocated intervention. At 2-year, 76 (78%)
of the patients in the PT group attended the follow-up
and 56 (57%) had continued allocated intervention (Fig. 1).
In the HCC-group, out of 92 patients, 77 (84%) attended
the 1-year follow-up and 67 (73%) attended the 2-year
follow-up. Data on adherence to allocated intervention in
the HCC group was uncertain due to the fact that we did
not have access to the patient’s medical record with the
current information (Fig. 1). However, in the question-
naire, a majority of patients in the HCC group answered
that they received follow-up counselling with their PAP
support caregiver 1–2 times during the 6months prior to
the 1-year (84%) and 2-year (92%) follow-ups.

Baseline characteristics
The baseline characteristics are listed in Tables 1 and 2.
The average PA level was low; the value corresponded to
taking a brisk walk for 30 min, 2–3 times per week or
less. The mean BMI was 32, and the mean WC were
113.6 cm for men and 105.2 cm for women (Table 2). A
comparison of baseline characteristics between patients
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that attended the 2-year follow-up and the patients that
dropped out of the study revealed no significant differ-
ences in PA level, metabolic risk factors, or HRQOL, ex-
cept that the DBP was lower in the dropout group
(difference = − 3.6 mmHg, p = 0.026; data not shown).

Outcomes
Of the patients attending to the 2-year follow-up, 62.9%
(p < 0.001) of the PT group and 50.8% (p < 0.001) of the
HCC group had increased their PA level, according to the
ACSM/AHA questionnaire. There were no significant dif-
ferences in PA level between the groups at the 2-year

follow-up (p = 0.785). At the 2-year follow-up, 31.4% of the
PT group and 38.5% of the HCC group achieved the public
health recommendation of at least ≥ 150min of moderate-
intensity PA/week. The dropout rate for completing the PA
questionnaire was 29% in both groups.
Over the 2-year follow-up period, regression analyses

showed no significant differences between the PT and HCC
groups regarding the TotalMET scores, the metabolic risk
factors, or the HRQOL (Table 3; Additional file 1). Com-
pared to baseline levels, both the PT and HCC groups
showed increases in the TotalMET scores (p = 0.002),
HDL levels (p = 0.004), and MCS scores (p = 0.036),

Fig. 1 Flow of patients involved in the study. aMajority of the patients in the PT-group not receiving allocated intervention or discontinuing
intervention was attended to 1- and 2-year follow-up. bThe number of patients in the HCC group not receiving or discontinuing intervention is
not known dependent on non-access to the patient’s medical record with the current information
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and a reduction in the BMI (p = 0.001) over the 2-
year follow-up (Table 3; Fig. 2; Additional file 1).
Of potential covariates, older age had detrimental ef-

fects on the SBP and PCS and beneficial effects on the

HDL and MCS. Women had more positive outcomes in
WC, DBP, TG, and HDL, compared to males. Non-
smokers had lower FPGs than smokers. Poor economic
status negatively affected the MCS. (Additional file 1).

Table 1 Baseline characteristics of the patients in the physiotherapist and health care centre group

Variable Total (n = 190) PT group (n = 98) HCC group (n = 92)

Agea, years 57 (10.8) 56.4 (10.2) 57.5 (11.3)

Sexb

Female 94 (49.5) 48 (49.0) 46 (50.0)

Male 96 (50.5) 50 (51.0) 46 (50.0)

Social situationb

Single 74 (40.4) 44 (46.3) 30 (34.1)

Married/cohabit 99 (54.1) 47 (49.5) 52 (59.1)

Other 10 (5.5) 4 (4.2) 6 (6.8)

Economic statusb, perceived

Good 110 (59.1) 56 (57.7) 54 (60.7)

Neither nor 46 (24.7) 26 (26.8) 20 (22.5)

Bad 30 (15.8) 15 (15.5) 15 (16.9)

Educationb

Elementary grade 35 (18.8) 16 (16.5) 19 (21.3)

Upper secondary school 62 (33.3) 37 (38.1) 25 (28.1)

University college 89 (47.8) 44 (45.4) 45 (50.6)

Tobaccob

Smokers 21 (11.4) 9 (9.4) 12 (13.5)

Non-smokers 121 (65.4) 64 (66.7) 57 (64.0)

Ex-smokers 43 (23.2) 23 (24.0) 20 (22.5)

Part of metabolic syndromeb

Overweight/obesity 167 (89.3) 88 (89.8) 79 (88.8)

Hyperglycaemia 68 (36.8) 35 (36.5) 33 (37.1)

Hypertension 150 (80.2) 75 (77.3) 75 (83.3)

Hyperlipidaemia 106 (57.0) 50 (52.1) 56 (62.2)

Other diagnosis

Mental health, depression 24 (12.8) 16 (16.3) 8 (9.0)

Musculoskeletal disorders 25 (13.4) 15 (15.3) 10 (10.9)

Other 86 (46.0) 52 (53.1) 34 (38.2)

Drug treatmentb

Overweight/obesity 0 (0) 0 (0) 0 (0)

Hyperglycaemia 30 (16.1) 14 (14.4) 16 (18.0)

Hypertension 108 (57.8) 57 (58.8) 51 (56.7)

Hyperlipidaemia 42 (22.5) 23 (23.7) 19 (21.1)

Other drug treatment

Mental health, depression 21 (11.2) 13 (13.3) 8 (9.0)

Musculoskeletal disorders 21 (11.2) 13 (13.3) 8 (8.7)

Other 67 (36.0) 39 (40.2) 28 (31.5)

Data are given as amean (standard deviation) or as bnumber (percentage)
PT physiotherapist, HCC health care centre
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There were no between-group or within-group differ-
ences concerning changes in medication during the past 6
months, measured at the 1- and 2-year follow-up. A major-
ity of patients had not changed their medication at the 1-
year (77.3%) and 2-year (70.9%) follow-up (Additional file 2).
The majority of the medication taken by the patients were
medication for metabolic risk factors or non-
communicable diseases, such as depression, anxiety, mus-
culoskeletal disorders, asthma, and COPD.

Discussion
The main findings of the present RCT were the im-
provements in PA level, metabolic risk factors, and
HRQOL parameters during a long-term PAP treatment,
with no differences between the two PAP methods. The
study included patients remaining insufficiently physic-
ally active after a 6-month period of ordinary PAP treat-
ment. After continuing PAP treatment for 2 years, a
majority of patients in both the PT and HCC groups in-
creased their PA level and improvements in TotalMET,
BMI, HDL, and MCS over time were shown for both
groups. Possibly the results would have been more pro-
nounced if we had allowed the patients to choose the
study arm, instead of randomly assigning them to the in-
terventions as we acknowledge the importance of an in-
dividualized process for the patient [10–12]. The results
should be considered in light of the fact that discontinu-
ing PAP treatment at 6 months could risk adherence

Table 2 Baseline characteristics of the patients in the physiotherapist and health care centre group

Variable Total (n = 190) PT group (n = 98) HCC group (n = 92)

Physical activity level

ACSM/AHA questionnairea, score 2.3 (1.5) 2.4 (1.4) 2.2 (1.6)

IPAQb, total MET-minutes/week 792 (278–1672) 753 (198–1641) 822 (357–1742)

BMIa, kg/m2 32 (5.6) 32 (5.6) 32 (5.7)

Waist circumferencea, cm 108.1 (14.2) 108.2 (14.3) 108.0 (14.3)

Blood pressurea, mm/Hg

Systolic 133.6 (16.0) 132.6 (17.1) 134.7 (14.7)

Diastolic 82.4 (9.6) 82.2 (9.9) 82.5 (9.2)

Metabolic componentsa, mmol/l

Fasting plasma glucose 6.1 (1.5) 6.1 (1.6) 6.1 (1.4)

Triglycerides 1.6 (0.8) 1.5 (0.8) 1.8 (0.8)

Cholesterol 5.4 (1.1) 5.4 (1.1) 5.3 (1.1)

HDL 1.4 (0.5) 1.4 (0.4) 1.4 (0.5)

LDL 3.4 (1.0) 3.5 (1.0) 3.4 (1.1)

HRQOL SF-36a, score

Physical component summary 46.1 (10.8) 46.6 (11.3) 45.6 (10.2)

Mental component summary 44.3 (12.6) 42.7 (13.3) 46.1 (11.4)

Data are given as amean (standard deviation) or as bmedian (25–75 percentiles)
PT physiotherapist, HCC health care centre, ACSM American College of Sports Medicine, AHA American Heart Association, IPAQ International Physical Activity
Questionnaire, MET metabolic equivalent, BMI body mass index, HDL high-density lipoprotein, LDL low-density lipoprotein, HRQOL SF-36 health-related quality of
life 36-Item Short Form Health Survey

Table 3 Summary of linear mixed effects model analysis

Outcome
variable (n)

Independent variables p value*

Group Time

PT or HCC Baseline, 1 year or 2 years

TotalMETa (178) 0.532 0.002

BMI (188) 0.947 0.003

WC (189) 0.777 0.211

SBP (189) 0.703 0.211

DBP (189) 0.682 0.072

FPGa (184) 0.930 0.997

TGa (188) 0.072 0.167

Chol (188) 0.297 0.322

HDL (188) 0.287 0.004

LDL (188) 0.245 0.314

PCS (189) 0.400 0.780

MCS (184) 0.377 0.036

MET metabolic equivalent, BMI body mass index, WC waist circumference, SBP
systolic blood pressure, DBP diastolic blood pressure, FPG fasting plasma
glucose, TG triglycerides, Chol cholesterol, HDL high-density lipoprotein, LDL
low-density lipoprotein, PCS physical component summary, MCS mental
component summary
*Type III F-tests of fixed effects, testing whether the variable contributes
significantly to the model
aOutcome variables were log transformed
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deterioration and a return to the baseline levels of PA
and risk markers. More research is needed to investigate
how PAP interventions might maintain PA involvement
and behavioural changes over the long term [31].
It is important to evaluate different PAP treatment strat-

egies. In this study, we found no differences in outcomes
between continuing PAP treatment at the HCC and initiat-
ing PAP treatment supported by a PT. Both groups re-
ceived largely the same treatment, in terms of
individualized counselling and individually dosed PA rec-
ommendations, including a written prescription. However,
the groups had different types of follow-up. The HCC
group received individualized follow-ups, and the PT group
received nine follow-up sessions that were scheduled at
fixed times during the 2-year period. The absence of indi-
vidualized follow-ups in the PT group might have affected
the outcome, because individualization is thought to play a
central role in the Swedish PAP model [9]. These flexible
follow-ups are adapted to each patient’s need for support,
and they have been considered essential among patients in
Swedish healthcare [10]. The majority of the HCC group
received individually customized follow-up counselling 1–2
times during the 6months prior to the 1-year (84%) and 2-
year (92%) follow-up. Thus, based on these results, a

majority of patients received 4–8 counselling sessions dur-
ing the 2-year follow-up period. The Swedish State’s Med-
ical Assessment group (SBU) issued a report on methods
for promoting PA where they stated that counselling could
increase PA by 12–50%, and that increasing the counselling
frequency over several months could increase the PA level
even more [32]. In the present study, the groups showed lit-
tle difference in counselling frequency during follow-up;
thus, the difference in frequencies might be insufficient to
affect a difference in outcomes between groups. Conse-
quently, the added ergometer bicycle tests and more fre-
quent, fixed follow-up sessions did not show any benefit
compared to the standard PAP.
Apart from the significant beneficial changes in PA

level, TotalMET scores, BMI, HDL, and MCS, compared
to baseline, we found no significant detrimental changes
in WC, SBP, DBP, FPG, TG, Chol, and LDL after the 2-
year PAP intervention time (Additional file 1). This may
be important since 42% of metabolically healthy abdom-
inally obese individuals developed metabolic syndrome
at 10 years [33]. Appleton et al. found that metabolically
healthy obese subjects were more likely than healthy
non-obese subjects to develop metabolic risk and dia-
betes type 2 during a 5–10-year period [34]. Achilike

Fig. 2 Physical activity level and health outcomes over time for the PT and HCC groupa. aAnalysed with linear mixed effects models. TotalMET is
presented with the estimated marginal geometric mean and 95% CI. HDL, MCS, and BMI are presented with the estimated marginal arithmetic
mean and 95% CI. PT, physiotherapist; HCC, health care centre; MET, metabolic equivalent; CI, confidence interval; HDL, high-density lipoprotein;
MCS, mental component summary; BMI, body mass index
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et al. concluded that metabolically healthy obese subjects
were at high risk of developing multiple metabolic ab-
normalities [35]. Considering those findings, even the
non-significant detrimental changes in metabolic risk fac-
tors in this study could be seen as a positive result. In this
2-year perspective of PAP treatment trial, there were both
a treatment effect, where an increased PA level may im-
prove the metabolic risk factors, and a preventive effect,
where the improvement of risk factors is likely to reduce
the incidence of future diseases. Consequently, improving
the PA levels would also reduce mortality in a large pa-
tient group and preserve healthcare resources [36, 37].
A majority of patients had not changed their medication

at the 1-year (77.3%) and 2-year (70.9%) follow-up, and
there were no differences within or between the groups. A
majority of the medication taken by the patients were medi-
cation for metabolic risk factors or non-communicable dis-
eases, such as depression, anxiety, musculoskeletal
disorders, asthma, and COPD, where increased PA has the
possibility to positively affect all conditions. The results
from the medication question indicates that the positive
metabolic effects shown in this study was not primarily af-
fected by an increase in medication.
The sample size calculation was based on the hypoth-

esis that ≥ 150 min of moderate-intensity PA/week
would be achieved by 40% in the PT group and 20% in
the HCC group. However, we did not find any signifi-
cant difference between the groups in patients achieving
an adequate PA level. Perhaps, the fact that the patients
continued the PAP intervention in both groups affected
the PA level most, without additional effects from the
relatively small extra support provided in the PT group.

Strengths and limitations
The study has some limitations. The dropout rate between
baseline and the 2-year follow-up was 22% in the PT group
and 27% in the HCC group. It might have influenced the
interpretation of results, due to a selection bias. However,
the dropout rate was consistent with those reported in
similar intervention studies [15, 38–40]. Of note, this study
was a survey of daily clinical practice with no extra re-
sources for the personnel to manage with the PAP-
treatment routines. Of the patients in the PT group, 57%
adhered to the allocated intervention during the 2-year
study. However, the greatest loss of patients from the PT
group was at baseline, where 18 patients (18%) declined to
participate. We could not determine the proportion of pa-
tients in the HCC group that adhered to the allocated inter-
vention, due to the fact that we did not have access to the
patient’s medical record with the current information. Al-
though uncertainties about patient dropout rates could in-
fluence the interpretation of results, under these
circumstances, we expect that the results presented were
probably not overestimated. Another potential limitation

was that self-reported questionnaires for measuring PA
might have resulted in overestimated activity levels, due to
recall and response bias [41–43]. Sternfeld and Goldman-
Rosas concluded that there is no single, perfect self-report
measure but is nevertheless relevant to use in both research
and practice settings, suited to an particular situation [44].
Both questionnaires used in this study measured “the previ-
ous week of PA”, something that is recommended by van
Poppel et al. due to higher correlation to accelerometer
data compared to measuring “the usual week of PA” [45].
Moreover, self-reported PA measures are frequently used,
because they allow the collection of large amounts of data
in a practical way, at low cost [46].
This study had several strengths. First, the PAP treat-

ment was conducted by authorized personnel in an or-
dinary primary healthcare setting. Thus, the results had
high external validity. Another strength was the use of
linear mixed-effects models in the statistical analysis of
longitudinal data and repeated measures. These models
used all the available data, took the dependence struc-
ture in the data into account, and will, under the as-
sumption of data MAR, yield unbiased parameter
estimates. These features reduced the risk of type I and
type II errors [47, 48]. Although the patients were ran-
domized into two intervention groups, there was no
control group of patients that received the usual care.
This design complicated the interpretation of outcomes,
given that the groups showed similar results. However,
for both groups, the PAP intervention originated from a
longitudinal observational study, where PAP treatment
was part of the daily clinical practice; thus, we lacked the
resources to organize a study design with three arms
[22, 23]. Moreover, there were ethical arguments against
randomizing patients from an ongoing PAP treatment to
a control group without intervention. Establishing a new
lifestyle habit takes time, and it would have been in-
appropriate to hinder motivated patients to continue a
treatment, which in the long run, could positively affect
their behaviour.

Conclusions
This study demonstrated that during continued, long-
term, 2-year intervention with two PAP treatment strat-
egies, the PA level, metabolic health, and HRQOL in-
creased in patients with insufficient PA level after a
prior 6-month PAP treatment with no significant differ-
ences between groups. The results indicate to be inde-
pendent of any changes in pharmacological treatment.
The PAP treatment was feasible in an ordinary primary
care setting, and the continuous support and duration of
the intervention may be important factors for patients to
increase and maintain PA. Improving metabolic risk fac-
tors benefits both the patients and the healthcare system.
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Further research is needed to evaluate the benefit of in-
dividualized long-term PAP treatment.
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1186/s13063-020-04727-y.
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Have you changed your medication during the last 6 months?
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