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Abstract: The World Health Organization (WHO) estimated that physical inactivity (PI) is responsible
for 20 to 30% of all non-communicable diseases. We aimed to analyze the effectiveness of a multiple
health behavior change (MHBC) intervention to increase physical activity (PA) in patients 45 to
75 years old who had at least 2 of 3 unhealthy behaviors (tobacco use, reduced fruit and vegetable
consumption, and insufficient PA). The MHBC intervention is based on the Transtheoretical Model
and the conceptual framework of the “5 A’s” and includes an individually tailored intervention,
group sessions, and the use of community resources. We included 3062 participants, 1481 in the
intervention group and 1581 in the control group. After 12 months, there were no differences in
PA intensity measured by metabolic_equivalent_of_task_minutes/week (adjusted mean difference:
284.093, 95% CI: −298.24, 866.42) nor in the proportion of participants who increased PA levels to
moderate or high (OR: 1.02, 95% CI: 0.85, 1.23; p = 0.822), and no differences in blood pressure,
weight loss, or waist circumference. We found an increased proportion of patients in the intervention
group who followed the WHO recommendations for PA (OR: 1.29; 95% CI: 1.04, 1.60; p = 0.02). We
concluded that the intervention did not lead to a significant increase in PA.
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1. Introduction

Non-communicable diseases (NCDs) are the leading cause of mortality worldwide
and are responsible for 15 million premature deaths each year. Cardiovascular diseases,
cancer, and diabetes account for 80% of these premature deaths. Modifiable behaviors,
such as poor diet, inadequate physical activity (PI), and the use of tobacco and alcohol,
increase the risk for most NCDs [1].

The pioneering 1954 study by Sir Alan Rook clearly demonstrated the health benefits
of physical activity (PA) [2]. More recent studies reported that regular PA is associated with
improvements in inflammatory/hemostatic biomarkers, lipoprotein profile, hemoglobin
A1c, homocysteine, and serum creatinine, and also aids in blood pressure control and
weight management [3,4]. Engagement in PA decreases with age, with sedentary behaviors
being highly prevalent in older adults [5,6]. The increase in sedentary behaviors and the
concurrent decrease in PA are positively associated with increased incidences of obesity
and hypertension [7–9]. Greater PA is associated with decreases in blood pressure, body
mass index, and lipid concentrations [10].

The World Health Organization (WHO) estimated that physical inactivity was respon-
sible for 20 to 30% of all NCDs and that about one-third of the adult population did not
engage in sufficient PA [11]. Considering the health benefits of PA and the global burden
of NCDs, the promotion of PA is a major public health priority. The WHO and the Global
Observatory for Physical Activity (GoPA) have integrated the efforts of governments and
stakeholders to develop new policies and strategies that reduce the global prevalence of
insufficient PA by 10% among adults in 2025 [12,13].

The ‘Physical activity strategy for the WHO European Region 2016–25’ recognized
the importance of contributions by primary care practitioners in achieving its goals. In
particular, it recommended that ‘... making the promotion of physical activity by health
professionals the norm’ and that ‘early identification, counselling and referral at the primary
care level should be integrated into standard practice’ [14].

The broad coverage of primary health care (PHC) centers and their influence on
population behaviors make them ideally suited to identify people at risk for NCDs and to
encourage them to increase their PA [15,16]. Previous research reported that interventions
aimed at promoting PA in primary care settings had modest but positive effects [4,17–19],
although no clear strategies have yet been developed to maximize the effectiveness of these
interventions [20].

A PHC physician usually has to care for individuals who have more than one un-
healthy lifestyle or behavior. Thus, the approach of multiple health behavior change
(MHBC) interventions, in which more than one aspect is simultaneously addressed, was
recently developed to increase the efficiency and health benefits and reduce the costs of
these interventions [20,21]. However, there is little evidence of the effectiveness of MCBH
interventions on increasing PA [20].

The EIRA intervention is a complex, multifaceted intervention that aims to reduce
tobacco use, increase adherence to a Mediterranean diet, and increase PA. The intervention
is personalized and targets individual behaviors and stages of change. The aim of this
secondary study was to assess the effectiveness of an MHBC intervention in increasing PA
and then evaluate the potential health benefits after 12 months.

2. Materials and Methods
2.1. Design

This study was a two-arm clustered randomized controlled clinical trial with an
effectiveness-implementation hybrid design (type-2) (ClinicalTrials.gov (NCT03136211)).
The purpose of the MHBC intervention was to increase PA at 3 different levels—the
individual, the group, and the community—and was delivered in PHC settings. The results
of this trial are reported according to the Standard for Reporting Implementation Studies
and Consolidation Standards of Reporting Trials (CONSORT) statements for clustered
randomized trials. The detailed protocol has been previously described [22].
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2.2. Setting
2.2.1. PHC Centers

This study was performed in 26 PHC centers in 7 of the 17 Spanish Autonomous
Communities: Andalusia, Aragon, the Balearic Islands, Basque Country, Castile and León,
Catalonia, and Galicia. All health care professionals and administrative staff were invited to
participate. Each participating professional signed a document of collaboration indicating
a commitment to the study.

2.2.2. Participants

Participants from the participating PHC centers were 45 to 75 years old and had at
least 2 of the following 3 unhealthy behaviors:

Tobacco use: Participants reported smoking more than one cigarette per day at the
initial visit.

Physical inactivity: A PHC professional assessed PA using the Brief Physical Activity
Assessment Tool [23,24], which has been used efficiently in routine primary health care
services to identify insufficiently active patients who may need physical activity advice
and consists of two questions: “(A) How many times a week do you usually do 20 min of
vigorous PA that makes you sweat or puff and pant? (for example, jogging, heavy lifting,
digging, aerobics, or fast bicycling) and (B) How many times a week do you usually do
30 min of moderate PA or walking that increases your heart rate or makes you breathe
harder than normal? (for example, mowing the lawn, carrying light loads, bicycling at a
regular pace, or playing doubles tennis)”. Participants were considered inactive if they
reported 2 or fewer 20 min sessions of vigorous-intensity PA per week, or 4 or fewer
30 min sessions of moderate-intensity PA (including walking), or 4 or fewer sessions of any
combination of moderate- and vigorous-intensity PA.

Reduced fruit and vegetable consumption: participants were asked how many serv-
ings of fruits or vegetables they ate each day. Consumption of fewer than 5 servings of
vegetables or fruits per day was considered unhealthy.

Participants were excluded if they had an advanced serious illness, cognitive impair-
ment, dependence on others for the completion of basic everyday activities, severe mental
illness, involvement in a long-term home health care program, treatment for cancer or
end-of-life care, or if they did not plan to reside in the area throughout the study period.

2.2.3. Assignment of PHC Centers to Different Interventions

The allocation schedule for random assignment of interventions to the different PHC
centers was computer-generated at a central location (IDIAP Jordi Gol, Barcelona, Spain)
and stratified by region (Andalusia, Aragon, the Balearic Islands, Basque Country, Castile
and León, Catalonia, and Galicia) in a 1:1 ratio. The allocation to the intervention group
or usual care group was not concealed at the PHC centers. Participants and health care
professionals were not blinded to the intervention.

2.2.4. Intervention Group

The intervention was based on the Transtheoretical Model (TTM) [25,26] of behavior
change. The TTM is an ‘integrative theory that assesses an individual’s readiness to act
on a new healthier behavior, and provides strategies or processes of change to guide the
individual’. The intervention, which was designed to encourage participants to move
forward through successive stages (pre-contemplation, contemplation, preparation, action,
maintenance, and termination), was implemented by physicians and nurses in routine PHC
practices according to the conceptual framework of the “5 A’s”: Assess, Advise, Agree,
Assist, and Arrange follow-up [27]. The personal level of behavior and stage of change was
assessed by a PHC professional during the first screening visit (“Assess”). The TTM is a tool
used by PHC professionals to guide them during the intervention and to help them decide
on potential prescriptions, depending on the stage of change and the unhealthy behaviors
that needed to be targeted of each participant. At that time, participants were asked
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one question about tobacco use during the previous month, two questions about the daily
consumption of fruits and vegetables [28], and the Brief Physical Activity Assessment Tool
was administered [23,24]. The intervention was tailored depending on the target behaviors
and the participant stages of change for these particular behaviors using the core constructs
of the TTM [25] (Supplementary Table S1). Subsequently, PHC professionals provided
information and advised the person (“Advise”) until the subject agreed on a specific goal
(“Agree”). The PHC professionals assisted participants in establishing and following an
action plan (“Assist”) and arranged follow-up support (“Arrange”). The intervention was
developed based on the results of previous preclinical studies and phase I and II clinical
trials [20,29–35]. Priority actions to address one or more of the three unhealthy behaviors
simultaneously were set up by the PHC professional together with the participant.

Normally this individual part of the intervention is tailored by PHC professionals
to include up to 3 visits. After evaluating the state of change, the PHC professionals
recommended either (a) a “very brief intervention” with the aim of increasing awareness
and highlighting the importance of the need for behavior change or to support the change
and help with relapse prevention; or (b) a “brief intervention” which included the for-
mulation and agreement of an action plan for behavior change, preferably PA involving
group sessions and community resources offered by the EIRA study. PHCs were previously
trained during a 20-h in-person group feedback session and a coded acting patient session
to reinforce their skills in motivational interviewing.

Before the study onset, the PHC teams identified community health assets and agreed
on the referral of participants. These activities were developed for promoting physical
activity and healthy food options. The community health assets for physical activity in-
cluded instructor-led sessions in sports centers or outdoor activities coordinated by private
or public organizations (Supplementary Table S2). Follow-up visits were performed during
the first and third months after starting the PA plan for assessment and establishment of
new plans if needed.

Group sessions at the PHC centers lasted 90–120 min and were led by PHC profession-
als at the health center. The group sessions to reinforce the recommendations provided to
each individual consisted of talks that encouraged participants to engage in active lifestyles.
These sessions provided guidelines to facilitate and engage participants in the practice of
PA and the adoption of a healthy diet through various activities, including PA sessions,
cooking workshops, and preparations of seasonal menus.

Information and communication technologies were available to support participants
throughout the intervention. Participants were encouraged to install and use the EVIDENT
smartphone application (App), which provides personalized recommendations and specific
objectives and goals for PA. EVIDENT is a simple and user-friendly app that monitors the
daily consumption of food and daily PA performed. It includes a pedometer that allows
the inclusion of additional PA information, if necessary. After a daily analysis, the app
generates a plan for the following days aimed at improving eating habits and increasing
PA [36]. In addition, personalized SMS were periodically sent to each participant to moti-
vate and engage them to follow the plan established with the PHC professional (including
PA, tobacco, and/or diet) and a web page containing information about healthy lifestyles
addressed to the participant was available (http://proyectoeira.rediapp.es, accessed on
20 November 2020).

2.2.5. Usual Care Group

PHC professionals who cared for participants in the usual care group integrated the
recommendations of the Program of Preventive Activities and Health Promotion into
their practices [37]. This program incorporates preventive protocols that include lifestyle
recommendations and a set of preventive activities that consider age, sex, and risk factors.
Preventive activities were based on systematic screening and brief advice for the prevention
of cardiovascular and mental diseases.

http://proyectoeira.rediapp.es
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2.3. Outcomes
2.3.1. Primary Outcome

PA was determined by measurements of the metabolic equivalent of task minutes
per week (MET min/week) at 12 months. These measurements were according to the
‘Guidelines for the data processing and analysis of the international physical activity
questionnaire’ (http://www.ipaq.ki.se/scoring.pdf, accessed on 20 November 2020).

2.3.2. Secondary Outcomes

Secondary outcomes included PA levels classified according to the International Phys-
ical Activity (IPAQ) 7 questionnaire as low, moderate, or high [38]. The percentage of
participants who followed WHO recommendations for PA was recorded. These recommen-
dations are ‘at least 150 min of moderate-intensity PA throughout the 5-day week, or at
least 75 min of vigorous-intensity PA throughout the 5-day week, or an equivalent combi-
nation of moderate- and vigorous-intensity activity’ [14]. The minutes per day of moderate-
and/or high-intensity PA and time spent sitting (min/day) were also assessed. Additional
secondary outcomes included: blood pressure at 12 months in mmHg measured in the
upper arm using a validated monitor. PHC practitioners were instructed to measure blood
pressure with the subject in a seated position after at least 5 min of rest. Waist circumference
at 12 months was measured midway between the lowest rib and the iliac crest. Body mass
index in kg/m2 was determined from measurements of the subject’s height and weight.
Cardiovascular risk at 12 months was assessed using the REGICOR risk score [39,40]. Other
clinical parameters, such as low-density lipoprotein (LDL), high-density lipoprotein (HDL),
triglycerides (TG), glucose, and glycated hemoglobin concentrations, were evaluated at
12 months by testing a blood sample obtained during the first awake hour in the morning
under fasting conditions. This score is an adaptation of the Framingham coronary risk
score for the European Mediterranean area. Based on this score, participants were stratified
as having low/moderate or high cardiovascular risk.

2.4. Sample Size

The sample size was calculated so that the study was sufficiently powered to detect
differences in the proportion of participants who changed at least one unhealthy behav-
ior [21]. A total of 3640 participants were initially recruited, and 3062 participants were
finally included. The standard deviation of the MET mins/week in the study population
was 2700. Assuming an alpha risk of 5%, a beta risk of 20%, and an intra-cluster correlation
of 0.01 [41], this allowed detection of an effect size of 0.26 (Cohen’s d) in PA measured by
MET mins/week difference between the control and intervention groups.

2.5. Statistical Analysis

The baseline characteristics of all participants in the control and intervention groups
were recorded, and variables were expressed as frequencies or percentages (categorical
variable) or as means and standard deviations (continuous variables).

Intention to treat (ITT) analysis was used to determine differences of the groups in PA
(MET mins/week), weight, body mass index (BMI), waist circumference, blood pressure,
LDL, HDL, TG, glucose, and glycated hemoglobin by fitting to a generalized estimation
equation (GEE) model with family = Gaussian, link = identity, and correlation = exchange-
able. A GEE model with family = Poisson and link = log was used to determine differences
among groups in moderate- and high-intensity PA, and time spent sitting (mins/day). To
analyze differences in the proportions of participants who performed moderate/high PA
and who followed the WHO recommendations for PA (>150 min/week), a GEE model
with family = binomial and link = logit was used. Odds ratios (OR), adjusted mean differ-
ences, and 95% confidence intervals (CIs) were reported. To assess potential biases due to
incomplete follow-up and nonresponse in surveys, multiple imputations by chained equa-
tions (MICE function in R software) with 50 imputed datasets were performed. Estimates
from each imputed dataset were combined using procedures outlined by Rubin [42,43].

http://www.ipaq.ki.se/scoring.pdf
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Sensitivity analyses were used to examine the robustness of the results using different
approaches (per-protocol analysis and subgroup analysis) of participants who received
the intervention.

3. Results

We randomly allocated the 26 PHC centers that met the inclusion criteria to the
intervention group (IG; n = 13) or the control group (CG; n = 13). Prior to the study onset,
one of the PHC centers in the IG decided not to participate (Figure 1).

Figure 1. Enrolment and disposition of participants in the intervention and control groups.
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A total of 3062 participants from the 25 PHC centers met the eligibility criteria. The IG
had 1481 participants, and we classified 1345 of them (90.8%) as inactive, based on the Brief
Physical Activity Assessment Tool. Of these, 502 participants smoked, 1248 consumed an un-
healthy diet, and 405 were at risk for the three unhealthy behaviors. Of the 1345 participants
classified as inactive, 753 (56.0%) received the PA intervention depending on the personal
stage of change. Of these 753 participants, 526 received individualized interventions,
75 participated in group sessions, and 177 were prescribed community activities. The CG
had 1581 participants, with 1448 (91.6%) classified as inactive; these individuals were
managed according to the usual care practice established in each health center. Among
the 1448 inactive participants in the CG, 564 were smokers, 1349 consumed an unhealthy
diet, and 465 followed all three unhealthy behaviors. Twelve months later (at the end of
the study), 374 participants in the IG (25%) and 296 in the CG (19%) were lost to follow-up.

We initially compared the baseline characteristics of participants in the IG and CG
(Table 1).

Table 1. Baseline characteristics of participants in the control and intervention group.

Basal Characteristics of the Participants Control (n = 1581) Intervention (n = 1481)

Sex, n/N (%)
Men 709/1581 (44.8%) 672/1481 (45.4%)

Women 872/1581 (55.2%) 809/1481 (54.6%)
Age (years), mean ± SD 58.3 ± 8.3 57.7 ± 7.9

(mean 95% CI) (57.9, 58.7) (57.3, 58.1)
Civil status, n/N (%)
Married/Co-habitant 1.055/1575 (67.0%) 1024/1461 (70.1%)
Single/Living apart 520/1575 (33%) 437/1461 (29.9%)

Work status
Active 713/1575 (45.3%) 661/1456 (45.4%)

Inactive 431/1575 (27.4%) 424/1456 (29.1%)
Retired 431/1575 (27.4%) 371/1456 (25.5%)

Level of studies
Higher education, university or similar 267/1572 (17.0%) 247/1461 (16.9%)

High school 621/1572(39.5%) 573/1461 (39.2%)
Primary school, not finished primary school, or without studies 684/1572 (43.5%) 641/1461 (43.9%)

Weight (kg), mean ± SD 78.77 ± 17.41 82.3 ± 17.81
(mean 95% CI) (77.91, 79.63) (81.38, 83.21)

BMI (kg/m2), mean ± SD 29.3 ± 5.6 30.6 ± 5.9
(mean 95% CI) (29.0, 29.5) (30.3, 30.9)
BMI, n/N (%)

Normal 363/1574 (23.1%) 228/1454 (15.7%)
Overweight 595/1574 (37.8%) 491/1454 (33.8%)

Obese 616/1574 (39.1%) 735/1454 (50.6%)
Waist circumference (cm), mean ± SD 99.9 ± 15.0 102.0 ± 14.4

(mean 95% CI) (99.1, 100.6) (101.2, 102.7)
Physical activity level (MET mins/week) mean ± SD 1794.2 ± 3018.0 1480.0 ± 2382.0

(mean 95% CI) (1644.2, 19442.2) (1356.7, 1306.3)
Physical activity level, n/N (%)

Low 709/1557 (45.5%) 729/1437 (50.7%)
Moderate 648/1557 (41.6%) 570/1437 (39.7%)

High 200/1557 (12.8%) 138/1437 (9.6%)
Follow WHO recommendations (Yes), n/N (%) 252/1580 (15.9%) 205/1476 (13.9%)

Moderate-intensity physical activity (min/day) mean ± SD 20.1 ± 56.4 16.4 ± 51.5
(mean 95% CI) (17.2, 22.9) (13.7, 19.1)

High-intensity physical activity (min/day) mean ± SD 9.2 ± 45.9 7.6 ± 36.1
(mean 95% CI) (6.9, 11.6) (5.7, 9.5)

Time spent sitting (min/day) mean ± SD 328.7 ± 188.7 321.2 ± 176.9
(mean 95% CI) (319.2, 338.1) (311.9, 330.4)

Stages of change: physical activity, n/N (%)
Precontemplation 643/1548 (41.5%) 152/1270 (12.0%)

Contemplation 389/1548 (25.1%) 229/1270 (18.0%)



Int. J. Environ. Res. Public Health 2021, 18, 10537 8 of 16

Table 1. Cont.

Basal Characteristics of the Participants Control (n = 1581) Intervention (n = 1481)

Preparation 204/1548 (13.2%) 516/1270 (40.6%)
Action 137/1548 (8.9%) 266/1270 (20.9%)

Maintenance/Termination 175/1548 (11.3%) 107/1270 (8.4%)
Diet, n/N (%)

Inadequate 1261/1576 (80.0%) 1240/1480 (83.8%)
Adequate 315/1576 (20.0%) 240/1480 (16.2%)

Social support DUKE-UNC-11 mean ± SD 45.5 ± 8.4 45.4 ± 8.9
(mean 95% CI) (45.0, 45.9) (44.9, 45.9)

Health status EQ5D5L mean ± SD 67.6 ± 20.0 65.0 ± 21.0
(mean 95% CI) (66.6, 68.6) (63.9, 66.1)

Depression (Yes) n/N (%) 211/1196 (17.6%) 219/1140 (19.2%)
Tobacco use, n/N (%)

Non-smoker 444/1581 (28.1%) 432/1481 (29.2%)
Ex-smoker 440/1581 (27.8%) 408/1481 (27.5%)

Smoker 697/1581 (44.1%) 641/1481 (43.3%)
Diabetes (Yes), n/N (%) 323/1579 (20.5%) 277/1469 (18.9%)

Systolic blood pressure (mmHg) mean ± SD 130.8 ± 17.5 132.85 ± 16.5
(mean 95% CI) (129.8, 131.8) (131.8, 133.9)

Diastolic blood pressure (mmHg) mean ± SD 79.88 ± 10.31 82.27 ± 10.08
(mean 95% CI) (79.3, 80.5) (81.6, 82.9)

Hypertension (Yes), n/N (%) 610/1577 (38.7%) 587/1459 (40.2%)
LDL mean ± SD 108.3 ± 33.9 108.0 ± 39.3
(mean 95% CI) (104.3, 112.3) (103.2, 112.8)

HDL mean ± SD 45.9 ± 12.2 46.7 ± 12.8
(mean 95% CI) (44.5, 47.4) (45.14, 48.28)
TG mean ± SD 131.4 ± 81.7 135.1 ± 80.1
(mean 95% CI) (126.2, 136.7) (129.6, 140.5)

Blood sugar mean ± SD 102.1 ± 29.6 104.3 ± 31.8
(mean 95% CI) (100.2, 103.9) (102.2, 106.5)

Glycated hemoglobin mean ± SD 7.19 ± 1.37 7.12 ± 1.36
(mean 95% CI) (7.03, 7.35) (6.95, 7.29)

Use of statin (Yes), n/N (%) 420/1569 (26.8%) 449/1462 (30.7%)
Cardiovascular disease (Yes), n/N (%) 87/1568 (5.5%) 87/1452 (6%)

REGICOR Cardiovascular risk mean ± SD 5.4 ± 0.1 5.6 ± 0.1
(mean 95% CI) (5.2, 5.6) (5.4, 5.7)

SD: standard deviation; 95% CI: 95% interval of confidence; BMI: Body Mass index; MET: metabolic equivalent of task minutes; WHO:
World Health Organization; EQ5D5L: 5-level EQ-5D version questionnaire; REGICOR: cardiovascular risk calculator; LDL: low-density
lipoprotein; HDL: high-density lipoprotein. TG: triglycerides.

The IG had a higher BMI, a lower PA, and more participants in the ‘preparation state’
(40.6% vs. 13.2%). Slightly more than half of the participants in each group were women
(IG: 55.2%, CG: 54.6%), and the groups had a similar mean age (IG: 57.7 years ± 7.9; 95% CI:
57.3, 58.1; CG: 58.3 years ± 8.3; 95% CI: 57.9, 58.7). Almost half of the study population
were smokers (IG: 43.3%, CG: 44.1%), and most participants did not follow a healthy
diet (consumption of at least five servings of fruits or vegetables per day; IG: 83.8%; CG:
80.0%). About 40% of participants had hypertension (IG: 40.2%; CG: 38.7%) and 6% had a
cardiovascular disease (IG: 6%; CG: 5.5%).

PA data were available from 2392 participants, 1285 in the CG and 1107 in the IG.
Differences in adjusted mean change from baseline between intervention versus control at
12 months are presented in Table 2.
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Table 2. Effect of the multiple health behavior change intervention based on per-protocol and intention-to-treat analysis.

Baseline At 12 Months Per-Protocol Intention to Treat

Control
(n = 1581)

Intervention
(n = 1481)

Control
(n = 1285)

Intervention
(n = 1107)

Mean Difference
(95% CI) p-Value Mean Difference

(95% CI) p-Value

MET mins/week mean ± SD 1794.2 ± 3018.0 1480.0 ± 2382.0 1508.1 ± 2135.3 1507.1 ± 1996.0 52.37
0.534

284.09
0.335(mean 95% CI) (1644.2–19442.2) (1356.7–1306.3) (1387.7, 1628.4) (1385.0, 1629.2) (−112.61, 217.34) (−298.24, 866.42)

OR (95% CI) p-Value OR (95% CI) p-Value

Physical activity (IPAQ7)
0.800 0.822Low 709/1557 (45.5%) 729/1437 (50.7%) 505/1220 (41.4%) 473/1082 (43.7%) Ref Ref

Moderate-High 848/1557 (55.5%) 708/1437 (49.3%) 715/1220 (58.6%) 609/1082 (56.3%) 0.98 (0.82, 1.16) 1.02 (0.85, 1.23)

Follow WHO recommendations
0.020No 1328/1580 (84.1%) 1271/1476 (86,1%) 1059/1231 (86.0%) 906/1086 (83.4%) ref ref

Yes 252/1580 (15.9%) 205/1476 (13.9%) 172/1231 (14.0%) 180/1086 (16.6%) 1.33 (1.05, 1.70) 0.019 1.29 (1.04, 1.60)

Mean Difference
(95% CI) p-Value Mean Difference

(95% CI) p-Value

BMI (kg/m2) mean ± SD 29.3 ± 5.6 30.6 ± 5.9 28.97 ± 5.50 30.29 ± 5.65 −0.11
0.134

0.03
0.961(mean 95% CI) (29.0–29.5) (30.3–30.9) (28.66, 29.28) (29.94, 30.63) (−0.25, 0.03) (−1.22, 1.28)

Weight (kg) mean ± SD 78.77 ± 17.41 82.3 ± 17.81 78.25 ± 17.31 81.36 ± 17.34 −0.30
0.097

−0.04
0.982(mean 95% CI) (77.91–79.63) (81.38–83.21) (77.28, 79.22) (80.31, 82.41) (−0.66, 0.05) (−3.30, 3.22)

Waist circumference (cm) mean ± SD 99.9 ± 15.0 102.0 ± 14.4 98.67 ± 14.80 101.43 ± 14.20 0.60
0.043

1.10
0.454(mean 95% CI) (99.1–100.6) (101.2–102.7) (97.82, 99.52) (100.55, 102.31) (0.02, 1.18) (−1.81, 4.00)

Systolic BP (mmHg) mean ± SD 130.8 ± 17.5 132.85 ± 16.5 131.81 ± 17.14 131.00 ± 16.42 −1.96
0.001

−1.13
0.497(mean 95% CI) (129.8–131.8) (131.8–133.9) (130.84, 132.78) (130.00, 132.01) (−3.13, −0.79) (−4.41, 2.16)

Diastolic BP (mmHg) mean ± SD 79.88 ± 10.31 82.27 ± 10.08 80.07 ± 10.26 81.07 ± 9.94 −0.13
0.737

0.30
0.779(mean 95% CI) (79.3–80.5) (81.6–82.9) (79.49, 80.65) (80.46, 81.68) (−0.89, 0.63) (−1.80, 2.41)

LDL(mg/dL) mean ± SD 108.3 ± 33.9 108.0 ± 39.3 105.75 ± 32.51 104.63 ± 32.09 −1.92
0.165

−2.49
0.530(mean 95% CI) (104.3–112.3) (103.2–112.8) (100.98–110.51) (99.80–109.46) (−4.63, 0.79) (−10.38, 5.39)

HDL(mg/dL) mean ± SD 45.9 ± 12.2 46.7 ± 12.8 47.76 ± 12.85 47.28 ± 13.23 −0.08
0.828

−0.28
0.843(mean 95% CI) (44.5–47.4) (45.14–48.28) (45.87, 49.64) (45.29, 49.27) (−0.85, 0.68) (−3.08, 2.52)

TG (mg/dL) mean ± SD 131.4 ± 81.7 135.1 ± 80.1 130.9 ± 81.7 138.5 ± 81.6 5.41
0.051

7.99
0.487(mean 95% CI) (126.2–136.7) (129.6–140.5) (126.5, 135.3) (132.9, 144.0) (−0.02, 10.84) (−14.76, 30.73)

Blood sugar (mg/dL) mean ± SD 102.1 ± 29.6 104.3 ± 31.8 135.94 ± 46.84 135.36 ± 38.75 −0.72
0.491

0.88
0.763(mean 95% CI) (100.2–103.9) (102.2–106.5) (129.07–142.81) (129.52–141.19) (−2.78, 1.34) (−4.91, 6.68)

Glycated hemoglobin (%) mean ± SD 7.19 ± 1.37 7.12 ± 1.36 6.97 ± 1.15 6.81 ± 1.05 −0.10
0.273

−0.08
0.719(mean 95% CI) (7.03–7.35) (6.95–7.29) (6.80–7.14) (6.65–6.97) (−0.28, 0.08) (−0.51, 0.35)
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Table 2. Cont.

Baseline At 12 Months Per-Protocol Intention to Treat

REGICOR mean ± SD 5.4 ± 0.1 5.6 ± 0.1 5.33 ± 3.36 5.34 ± 3.60 −0.26
0.030

−0.15
0.464(mean 95% CI) (5.2–5.6) (5.4–5.7) (5.10, 5.55) (5.08, 5.59) (−0.50, −0.03) (−0.56, 0.26)

Moderate-intensity physical activity (IPAQ7)
0.038 0.100(min/day) mean ± SD 20.1 ± 56.4 16.4 ± 51.5 16.15 ± 48.73 18.54 ± 52.23 0.25 0.21

(mean 95% CI) (17.2–22.9) (13.7–19.1) (13.41, 18.88) (15.40, 21.68) (0.01, 0.49) (−0.04, 0.45)

High-intensity physical activity (IPAQ7)
0.491 0.402(min/day) mean ± SD 9.2 ± 45.9 7.6 ± 36.1 6.60 ± 36.61 7.08 ± 35.13 0.16 0.15

(mean 95% CI) (6.9–11.6) (5.7–9.5) (4.55, 8.66) (4.97, 9.19) (−0.29, 0.60) (−0.20, 0.49)

Mins/day spent sitting (IPAQ7)
0.764 0.920mean ± SD 328.7 ± 188.7 321.2 ± 176.9 314.66 ± 160.94 309.48 ± 165.54 0.01 −0.003

(mean 95% CI) (319.2–338.1) (311.9–330.4) (305.62, 323.69) (299.54, 319.43) (−0.03, 0.04) (−0.07, 0.06)
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After 12 months, these groups did not differ significantly in PA intensity
(284.093 MET min/week; 95% CI: −298.24, 866.42; p = 0.335), the time spent on high-
intensity PA (0.15 min/day; 95% CI: −0.20, 0.49; p = 0.402), and the time spent sitting
(−0.003 min/day; 95% CI: −0.07, 0.06; p = 0.920). In the per-protocol analysis, the IG
showed a significant but slight increase in the time spent performing moderate-intensity
PA (0.25 min/day; 95% CI: 0.01, 0.49; p = 0.038), but this difference was not significant
on ITT analysis. These groups also had no difference in the proportion of participants
who increased the level of PA to moderate or high (OR: 1.02; 95% CI: 0.85, 1.23; p = 0.822).
However, significantly more participants in the IG followed the WHO recommendations
regarding PA (OR: 1.29; 95% CI: 1.04, 1.60; p = 0.02).

We also determined the effect of the intervention on blood pressure and cardiovascular
risk. The IG had a significantly lower systolic blood pressure (−1.96 mmHg; 95% CI: −3.13,
−0.79; p = 0.001) and cardiovascular risk score (−0.26; 95% CI: −0.5, −0.03; p = 0.030) in
the per-protocol analysis, but these differences were not significant in the ITT analysis.
In addition, per-protocol analysis showed that the IG had a significantly higher waist
circumference at 12 months (0.60 cm; 95% CI: 0.02, 1.18; p = 0.043), but this difference was
not significant on ITT analysis. The two groups also showed no significant differences in
weight loss and in LDL, HDL, TG, glucose, and glycated hemoglobin concentrations.

4. Discussion

Our study examined the effectiveness of the MHBC intervention in adults who had at
least 2 of 3 unhealthy behaviors and attended PHC centers in different regions of Spain.
The results indicated that the intervention led to only a small increase in PA, in that it
slightly increased the number of participants who followed the WHO recommendations for
PA at the end of the 12-month period. However, the IG and CG had no differences in total
PA (MET mins/week) and PA intensity. These groups also did not differ in blood pressure,
weight loss, waist circumference, or in the concentrations of LDL, HDL, TG, glucose, and
glycated hemoglobin after 12 months.

The health benefits of an active lifestyle and sustained PA are widely acknowledged
by the scientific community and health professionals, and there is, therefore, a great
interest in developing efficient methods to encourage the general population to engage
in PA [14]. However, the success of promoting PA in primary care settings requires PHC
professionals to accept this additional task of efficiently promoting PA. There is evidence
that PA promotion in the primary care setting is effective but only has a moderately positive
effect (range of RR: 1.22 to 1.42) and a high degree of heterogeneity (range of I2: 67 to
83.5%), indicating substantial variation among studies [17,20]. This diversity of results
may be related to differences in referral procedures, programs, and the characteristics of
the intervention [18,44]. In the present study, the intervention differed among participants
in the IG because it was modified according to the characteristics of each individual.
The intervention depended on the participant’s stage of change, unhealthy behavior and
availability of community resources. In addition, the PHC professional could prescribe one
or more different types of interventions (individual sessions, group sessions, and referral
to community resources). Only about half of the individuals in the IG received at least one
of these three types of interventions. Moreover, the implementation of the interventions
was challenging, and the execution was not always successful. Further studies should
reconsider the strategies for the implementation of PA interventions to overcome potential
barriers faced by PHC professionals. For example, there should be a focus on simpler
methods for the more uniform prescription of PA. Overall, it is likely that variations in
the intervention used in the present study influenced their effectiveness and hindered
their evaluation.

Our EIRA trial showed that the MHBC intervention led to no significant improvements
in PA or clinical biomarkers at 12 months. In contrast, some other studies found that a
minimal intervention increased PA [45–47] but had no impact on other objective measures
of health (weight and blood pressure). A study of the ‘Beweegkuur’ intervention in the
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Netherlands reported it was effective in increasing mobility, improving mood, and reducing
pain, blood pressure, blood sugar, and body weight [48]. The 2017 “Pas-a-pas” study in
Spain, a community intervention program that aimed to increase PA and socio-cultural
activities, also reported positive results [49]. This Spanish study reported that PA activity
was significantly greater even 2 years after the intervention and that the intervention group
had reductions in systolic blood pressure, total cholesterol, and LDL-cholesterol, but no
significant differences in body weight, BMI, or waist circumference [48]. It is worth noting
that our MHBC intervention simultaneously targeted physical inactivity and unhealthy
eating behaviors of participants presenting with those risks. The obtained results for
LDL, HDL, TG, blood sugar, and glycated hemoglobin may have been influenced by
both the PA and dietary components of the intervention. Thus, the differences in these
clinical parameters may not be due solely to the effects of PA. Moreover, promotion of a
Mediterranean-based diet, with no restrictions in the consumption of fruits, olive oil, nuts,
and other products rich in natural sugars and heart-healthy fats, may have also played a
role in some of the outcomes (for some of the participants) at 12 months.

The most effective intervention for promoting PA is unknown. Campbell et al. ex-
amined a PA intervention and was unable to identify features of the intervention content,
setting, or delivery that led to better outcomes and also reported no clear benefit from a
more extensive intervention [50]. Other authors found that brief interventions, consisting of
a few minutes of advice, sometimes including referral for further interventions, increased
PA compared to usual care. However, there is insufficient evidence to conclude whether
exercise referral or advice and counseling is more effective [45]. PA programs involving a
specialist, social support, and social participation seem to produce small positive effects
in maintaining regular PA, and combination with individual practice, community-based
activities, and group sessions improves long-term adherence [51]. Our MHBC intervention
incorporated several of these elements in that some individuals received brief individual
interventions from a health professional and referral to group sessions and community
activities that were directed in some cases by specialists or instructors. However, this
complete intervention was not meant to be delivered to every participant in the IG. Instead,
most participants received an individual intervention, fewer than 25% were referred to
community resources, and only a few attended group sessions. An intervention in which
every participant receives the same complete intervention may lead to better outcomes.
Furthermore, strategies for behavioral modification may lead to better results if they in-
clude goal-setting, self-monitoring, feedback, consequences, exercise prescriptions, and
cues to action. Our study, which was based on the Transtheoretical Model, aimed to deter-
mine which participants were willing to change and, therefore, eligible to receive the PA
intervention. However, this approach seemed to have only a small effect and may not be
the optimal approach to the problem of inadequate PA [52].

A growing number of studies have examined the effect of different interventions
for PA promotion in health care settings, but adopting a model of disease prevention
rather than focusing on treatment and cure, requires a change in perspective. On the
one hand, health professionals should provide individuals with information regarding
the importance of PA for the prevention and management of NCD. Delivering consistent
information on the performance of PA as a standard clinical practice may require specific
training of health professionals and the acquisition of new skills. However, their lack of
time, work overload, limited competencies, and specific beliefs may hinder their acceptance
of performing regular PA counseling [53,54]. Our results also reflected the difficulties of
providing referral or advice, as indicated by the large number of participants who were
eligible but did not get a prescription for PA from their PHC professionals.

Strengths and Limitations

The strength of this study is that it used a pragmatic approach to evaluate the ef-
fectiveness of an intervention in real-world conditions, and it was implemented by PHC
professionals in several regions of Spain. We also included participants with two or more
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unhealthy behaviors and who therefore had a greater risk for poor health. Our MHBC
intervention had several different components (individual sessions, group sessions, and
community referral) to target several of the most common unhealthy habits simultaneously.
This was designed as an efficient and original approach to address the growing burden
of NCD.

This study also had some limitations. Because this was a cluster-randomized trial,
we could not exclude the heterogeneity of the two groups. Thus, participants in the IG
group may have been more accepting of making behavioral changes and engaging in PA
than those in the CG. Although we measured PA levels using a validated questionnaire,
the results were based on self-reported data. The use of additional objective methods for
determining changes in PA would have provided useful information. Only part of the IG
with risk of insufficient PA received the intervention, and it varied among participants.
Moreover, the participants’ stage of change based on TTM was only recorded at baseline
and at 12 months in the intervention group. In contrast to recommendations regarding
diet and tobacco cessation, PA prescription is still quite novel, and there is no general
agreement on the best approach for PHC settings. Providing advice on PA is outside the
expertise of many GPs and might seem less important than other unhealthy behaviors,
such as smoking. Nurses and physiotherapists are generally more confident and have
more positive attitudes towards PA prescription, although all the health professionals who
participated in this study received the same training before study onset. Still, this limitation
might have negatively influenced the prescription of PA [55–57].

The reduced effectiveness of interventions that target multiple health behaviors could
be due to a dilution effect over time of advice about PA or because participants initially
engaged in other health behaviors (e.g., dietary changes or adherence to a Mediterranean
diet) but not PA. This reduced effectiveness of interventions was also more evident because
all patients in the MHBC intervention group were evaluated regardless of their engagement
in any particular health behavior.

It may also have made it difficult to evaluate the effectiveness of the intervention and
to provide recommendations or a reference for future integration of PA prescriptions in
health care centers.

5. Conclusions

The MHBC intervention described here increased the proportion of participants who
achieved the minimum PA recommended by the WHO (150 min/week of moderate PA), but
did not lead to significant improvements in the promotion of PA nor in clinical biomarkers
at 12 months.

The use of MHBC interventions at the PHC level to promote healthy lifestyles may
help to prevent and manage NCDs. However, future studies are needed to assess the best
strategies and the impact of different MHBC interventions in the promotion of healthy
lifestyles and the mechanisms and contexts in which the interventions can produce the
greatest benefits.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/ijerph181910537/s1, Table S1: Description of the intervention for each of the unhealthy
behaviours and the stage of change of participants. Table S2: Community physical activity resources
in participants’ PHCs by regions.

Author Contributions: The manuscript was written, analyzed, and interpreted by S.C.-M., A.L., J.L.,
Á.S., E.M., J.B., S.A.L., R.M.-B., M.C.-C., E.Z.-d.-O., B.B., J.-Á.M. Statistical analysis by S.C.-M. and
A.L., Conceptualization and funding acquisition by B.B., J.L., J.B., R.M.-B., Á.S., E.Z.-d.-O., J.-Á.M.
All authors have read and agreed to the published version of the manuscript.

Funding: This study was supported by the Carlos III Health Institute (www.isciii.es, accessed on
20 November 2020), the Spanish Ministry of Economy and Competitiveness via a health research grant
(PI15/00114, PI15/00565, PI15/00762, PI15/01072, PI15/00896, PI15/01412, PI15/01151, PI15/00519,
PI15/01133) through the Research Network in Preventive Activities and Health Promotion in Primary Care

https://www.mdpi.com/article/10.3390/ijerph181910537/s1
https://www.mdpi.com/article/10.3390/ijerph181910537/s1
www.isciii.es


Int. J. Environ. Res. Public Health 2021, 18, 10537 14 of 16

(redIAPP), (RD12/0005/0001; RD16/0007/0001; RD16/0007/0002; RD16/0007/0003; RD16/0007/0004;
RD 16/0007/0005, RD16/0007/0006; RD16/0007/0008; RD16/0007/0009; RD16/0007/0010;
RD16/0007/0012; RD16/0007/0013; RD16/0007/0015), the European Union ERDF funds, (European
Regional Development Fund) and the Health Department (SLT002/16/00112) of the Generalitat
de Catalunya. The funders had no role in the study design, data collection, management, analysis,
interpretation, decision to publish, or preparation of the manuscript.

Informed Consent Statement: Informed consent was obtained from all participants involved in
the study.

Data Availability Statement: The data that support the findings of this study are available on
reasonable request from the corresponding author at aleiva@ibsalut.es. Proposals requesting data
access will need to specify how it is planned to use the data.

Acknowledgments: We want to thank health professionals of the following primary health care
centers and their organizations for participating in this study: El Pla, Montilivi, Sant Martí, and Santa
Clara of the Institut Català de la Salut; Casco Viejo, Salburua, Sansomendi, and Zaramaga of the
Osakidetza-Servicio Vasco de Salud; Garrido Sur, San Esteban de Gormaz, San Juan, and Virgen de la
Concha of Salud Castilla y León; Olivar de Quinto and Las Palmeritas of the Servicio Andaluz de
Salud; Al-mozara, Las Fuentes Norte, La Jota, and Parque Goya of the Servicio Aragonés de Salud;
Matamá, Pintor Colmeiro, Teis and Val Miñor of the Servizo Galego de Saúde, and Alcúdia-Es Safrà,
Calvià, Manacor, and Son Serra-LaVileta of the Servei de Salut de les Illes Balears.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. WHO. Non-Communicable Diseases. Available online: https://www.who.int/news-room/fact-sheets/detail/noncommunicable-

diseases (accessed on 20 November 2020).
2. Rook, A. An investigation into the longevity of Cambridge sportsmen. Br. Med. J. 1954, 1, 773–777. [CrossRef] [PubMed]
3. Mora, S.; Cook, N.; Buring, J.E.; Ridker, P.M.; Lee, I.M. Physical activity and reduced risk of cardiovascular events: Potential

mediating mechanisms. Circulation 2007, 116, 2110–2118. [CrossRef] [PubMed]
4. Kahn, E.B.; Ramsey, L.T.; Brownson, R.C.; Heath, G.W.; Howze, E.H.; Powell, K.E.; Stone, E.J.; Rajab, M.W.; Corso, P. The

effectiveness of interventions to increase physical activity. A systematic review. Am. J. Prev. Med. 2002, 22, 73–107. [CrossRef]
5. Townsend, N.; Wickramasinghe, K.; Williams, J.; Bhatnagar, P.; Rayner, M. Physical Activity Statistics 2015; British Heart Foundation:

London, UK, 2015.
6. Westerterp, K.R. Daily physical activity and ageing. Curr. Opin. Clin. Nutr. Metab. Care 2000, 3, 485–488. [CrossRef] [PubMed]
7. Harvey, J.A.; Chastin, S.F.M.; Skelton, D.A. Prevalence of sedentary behavior in older adults: A systematic review. Int. J. Environ.

Res. Public Health 2013, 10, 6645–6661. [CrossRef]
8. Cárdenas Fuentes, G.; Bawaked, R.A.; Martínez González, M.Á.; Corella, D.; Subirana Cachinero, I.; Salas-Salvadó, J.; Estruch, R.;

Serra-Majem, L.; Ros, E.; Lapetra Peralta, J.; et al. Association of physical activity with body mass index, waist circumference and
incidence of obesity in older adults. Eur. J. Public Health 2018, 28, 944–950. [CrossRef]

9. Zou, Q.; Wang, H.; Su, C.; Du, W.; Ouyang, Y.; Jia, X.; Wang, Z.; Ding, G.; Zhang, B. Longitudinal association between physical
activity and blood pressure, risk of hypertension among Chinese adults: China Health and Nutrition Survey 1991–2015. Eur. J.
Clin. Nutr. 2021, 75, 274–282. [CrossRef]

10. Bull, F.C.; Al-Ansari, S.S.; Biddle, S.; Borodulin, K.; Buman, M.P.; Cardon, G.; Carty, C.; Chaput, J.P.; Chastin, S.; Chou, R.; et al.
World Health Organization 2020 guidelines on physical activity and sedentary behaviour. Br. J. Sports Med. 2020, 54, 1451–1462.
[CrossRef]

11. WHO/Europe. Physical Activity—Data and Statistics. Available online: https://www.euro.who.int/en/health-topics/disease-
prevention/physical-activity/data-and-statistics. (accessed on 20 November 2020).

12. Kohl, H.W., 3rd; Craig, C.L.; Lambert, E.V.; Inoue, S.; Alkandari, J.R.; Leetongin, G.; Kahlmeier, S. Lancet Physical Activity Series
Working Group. The pandemic of physical inactivity: Global action for public health. Lancet 2012, 380, 294–305. [CrossRef]

13. The European Public Health Alliance (EPHA), the ECDA (ECDA) and the NA. Towards an EU Strategic Framework for the
Prevention of Non-communicable Diseases (NCDs). Available online: https://epha.org/joint-paper-i-towards-an-eu-strategic-
framework-for-the-prevention-of-ncds/ (accessed on 2 October 2021).

14. WHO. Physical Activity. Available online: https://www.who.int/news-room/fact-sheets/detail/physical-activity. (accessed on
20 November 2020).

15. Grandes, G.; Sánchez, A.; Torcal, J.; Sánchez-Pinilla, R.O.; Lizarraga, K.; Serra, J. Targeting physical activity promotion in general
practice: Characteristics of inactive patients and willingness to change. BMC Public Health 2008, 8, 172. [CrossRef]

16. Lewis, B.S.; Lynch, W.D. The effect of physician advice on exercise behavior. Prev. Med. 1993, 22, 110–121. [CrossRef]

https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
http://doi.org/10.1136/bmj.1.4865.773
http://www.ncbi.nlm.nih.gov/pubmed/13140858
http://doi.org/10.1161/CIRCULATIONAHA.107.729939
http://www.ncbi.nlm.nih.gov/pubmed/17967770
http://doi.org/10.1016/S0749-3797(02)00434-8
http://doi.org/10.1097/00075197-200011000-00011
http://www.ncbi.nlm.nih.gov/pubmed/11085835
http://doi.org/10.3390/ijerph10126645
http://doi.org/10.1093/eurpub/cky030
http://doi.org/10.1038/s41430-020-0653-0
http://doi.org/10.1136/bjsports-2020-102955
https://www.euro.who.int/en/health-topics/disease-prevention/physical-activity/data-and-statistics.
https://www.euro.who.int/en/health-topics/disease-prevention/physical-activity/data-and-statistics.
http://doi.org/10.1016/S0140-6736(12)60898-8
https://epha.org/joint-paper-i-towards-an-eu-strategic-framework-for-the-prevention-of-ncds/
https://epha.org/joint-paper-i-towards-an-eu-strategic-framework-for-the-prevention-of-ncds/
https://www.who.int/news-room/fact-sheets/detail/physical-activity.
http://doi.org/10.1186/1471-2458-8-172
http://doi.org/10.1006/pmed.1993.1008


Int. J. Environ. Res. Public Health 2021, 18, 10537 15 of 16

17. Grandes, G.; Sanchez, A.; Sanchez-Pinilla, R.O.; Torcal, J.; Montoya, I.; Lizarraga, K.; Serra, J.; PEPAF Group. Effectiveness of
physical activity advice and prescription by physicians in routine primary care a cluster randomized trial. Arch. Intern. Med. 2009,
169, 694–701. [CrossRef] [PubMed]

18. Foster, C.; Hillsdon, M.; Thorogood, M. Interventions for promoting physical activity. Cochrane Database Syst. Rev. 2005, 1,
CD003180. [CrossRef]

19. Reis, R.S.; Salvo, D.; Ogilvie, D.; Lambert, E.V.; Goenka, S.; Brownson, R.C. Lancet Physical Activity Series 2 Executive Committee.
Scaling up physical activity interventions worldwide: Stepping up to larger and smarter approaches to get people moving. Lancet
2016, 388, 1337–1348. [CrossRef]

20. Sanchez, A.; Bully, P.; Martinez, C.; Grandes, G. Effectiveness of physical activity promotion interventions in primary care: A
review of reviews. Prev. Med. 2015, 76, S56–S67. [CrossRef] [PubMed]

21. Gill, D.P.; Blunt, W.; Bartol, C.; Pulford, R.W.; De Cruz, A.; Simmavong, P.K.; Gavarkovs, A.; Newhouse, I.; Pearson, E.;
Ostenfeldt, B.; et al. HealtheStepsTM Study Protocol: A pragmatic randomized controlled trial promoting active living and
healthy lifestyles in at-risk Canadian adults delivered in primary care and community-based clinics. BMC Public Health 2017,
17, 173. [CrossRef] [PubMed]

22. Zabaleta-Del-Olmo, E.; Pombo, H.; Pons-Vigués, M.; Casajuana-Closas, M.; Pujol-Ribera, E.; López-Jiménez, T.; Cabezas-Peña, C.;
Martín-Borràs, C.; Serrano-Blanco, A.; Rubio-Valera, M.; et al. Complex multiple risk intervention to promote healthy behaviours
in people between 45 to 75 years attended in primary health care (EIRA study): Study protocol for a hybrid trial. BMC Public
Health 2018, 18, 874.

23. Marshall, A.L.; Smith, B.J.; Bauman, A.E.; Kaur, S. Reliability and validity of a brief physical activity assessment for use by family
doctors. Br. J. Sports Med. 2005, 39, 294–297. [CrossRef]

24. Puig-Ribera, A.; Martín-Cantera, C.; Puigdomenech, E.; Real, J.; Romaguera, M.; Magdalena-Belio, J.F.; Recio-Rodríguez, J.I.;
Rodriguez-Martin, B.; Arietaleanizbeaskoa, M.S.; Repiso-Gento, I.; et al. Screening physical activity in family practice: Validity of
the Spanish version of a brief physical activity questionnaire. PLoS ONE 2015, 10, e0136870. [CrossRef]

25. Prochaska, J.O.; Redding, C.; Evers, K. The transtheoretical model and stage of change. In Health Behavior and Health Education:
Theory, Research, and Practice; Jossey-Bass: San Francisco, CA, USA, 2002; pp. 99–120.

26. Bully, P.; Sánchez, Á.; Zabaleta-del-Olmo, E.; Pombo, H.; Grandes, G. Evidence from interventions based on theoretical models
for lifestyle modification (physical activity, diet, alcohol and tobacco use) in primary care settings: A systematic review. Prev. Med.
2015, 76, S76–S93. [CrossRef]

27. Goldstein, M.G.; Whitlock, E.P.; DePue, J. Planning Committee of the Addressing Multiple Behavioral Risk Factors in Primary
Care Project. Multiple behavioral risk factor interventions in primary care: Summary of research evidence. Am. J. Prev. Med. 2004,
27, 61–79. [CrossRef]

28. Bully, P.; Sanchez, A.; Grandes, G.; Pombo, H.; Arietalenizbeaskoa, M.S.; Arce, V.; Martinez, C.; PVS Group. Metric properties of
the “prescribe healthy life” screening questionnaire to detect healthy behaviors: A cross-sectional pilot study. BMC Public Health
2016, 16, 1228. [CrossRef]

29. Zabaleta-del-Olmo, E.; Bolibar, B.; García-Ortíz, L.; García-Campayo, J.; Llobera, J.; Bellón, J.Á.; Ramos, R. Building interventions
in primary health care for long-term effectiveness in health promotion and disease prevention. A focus on complex and multi-risk
interventions. Prev. Med. 2015, 76, S1–S4. [CrossRef] [PubMed]

30. Pons-Vigués, M.; Berenguera, A.; Coma-Auli, N.; Pombo-Ramos, H.; March, S.; Asensio-Martínez, A.; Moreno-Peral, P.;
Mora-Simón, S.; Martínez-Andrés, M.; Pujol-Ribera, E. Health-care users, key community informants and primary health care
workers’ views on health, health promotion, health assets and deficits: Qualitative study in seven Spanish regions. Int J. Equity
Health 2017, 16, 99. [CrossRef] [PubMed]

31. Berenguera, A.; Pons-Vigués, M.; Moreno-Peral, P.; March, S.; Ripoll, J.; Rubio-Valera, M.; Pombo-Ramos, H.; Asensio-Martínez, A.;
Bolaños-Gallardo, E.; Martínez-Carazo, C.; et al. Beyond the consultation room: Proposals to approach health promotion in
primary care according to health-care users, key community informants and primary care centre workers. Health Expect. 2017, 20,
896–910. [CrossRef]

32. Cantera, C.M.; Puigdomènech, E.; Ballvé, J.L.; Arias, O.L.; Clemente, L.; Casas, R.; Roig, L.; Pérez-Tortosa, S.; Díaz-Gete, L.;
Granollers, S. Effectiveness of multicomponent interventions in primary healthcare settings to promote continuous smoking
cessation in adults: A systematic review. BMJ Open 2015, 5, e008807. [CrossRef] [PubMed]

33. Maderuelo-Fernandez, J.A.; Recio-Rodríguez, J.I.; Patino-Alonso, M.C.; Pérez-Arechaederra, D.; Rodriguez-Sanchez, E.;
Gomez-Marcos, M.A.; García-Ortiz, L. Effectiveness of interventions applicable to primary health care settings to promote
Mediterranean diet or healthy eating adherence in adults: A systematic review. Prev. Med. 2015, 76, S39–S55. [CrossRef]

34. March, S.; Torres, E.; Ramos, M.; Ripoll, J.; García, A.; Bulilete, O.; Medina, D.; Vidal, C.; Cabeza, E.; Llull, M.; et al. Adult
community health-promoting interventions in primary health care: A systematic review. Prev. Med. 2015, 76, S94–S104. [CrossRef]
[PubMed]

35. Álvarez-Bueno, C.; Cavero-Redondo, I.; Martínez-Andrés, M.; Arias-Palencia, N.; Ramos-Blanes, R.; Salcedo-Aguilar, F. Effective-
ness of multifactorial interventions in primary health care settings for primary prevention of cardiovascular disease: A systematic
review of systematic reviews. Prev Med. 2015, 76, S68–S75. [CrossRef]

36. Recio-Rodríguez, J.I.; Martín-Cantera, C.; González-Viejo, N.; Gómez-Arranz, A.; Arietaleanizbeascoa, M.S.; Schmolling-Guinovart, Y.;
Maderuelo-Fernandez, J.A.; Pérez-Arechaederra, D.; Rodriguez-Sanchez, E.; Gómez-Marcos, M.A.; et al. Effectiveness of a

http://doi.org/10.1001/archinternmed.2009.23
http://www.ncbi.nlm.nih.gov/pubmed/19364999
http://doi.org/10.1002/14651858.CD003180.pub2
http://doi.org/10.1016/S0140-6736(16)30728-0
http://doi.org/10.1016/j.ypmed.2014.09.012
http://www.ncbi.nlm.nih.gov/pubmed/25263343
http://doi.org/10.1186/s12889-017-4047-8
http://www.ncbi.nlm.nih.gov/pubmed/28173782
http://doi.org/10.1136/bjsm.2004.013771
http://doi.org/10.1371/journal.pone.0136870
http://doi.org/10.1016/j.ypmed.2014.12.020
http://doi.org/10.1016/j.amepre.2004.04.023
http://doi.org/10.1186/s12889-016-3898-8
http://doi.org/10.1016/j.ypmed.2015.03.011
http://www.ncbi.nlm.nih.gov/pubmed/25778858
http://doi.org/10.1186/s12939-017-0590-2
http://www.ncbi.nlm.nih.gov/pubmed/28610633
http://doi.org/10.1111/hex.12530
http://doi.org/10.1136/bmjopen-2015-008807
http://www.ncbi.nlm.nih.gov/pubmed/26428333
http://doi.org/10.1016/j.ypmed.2014.12.011
http://doi.org/10.1016/j.ypmed.2015.01.016
http://www.ncbi.nlm.nih.gov/pubmed/25625691
http://doi.org/10.1016/j.ypmed.2014.11.028


Int. J. Environ. Res. Public Health 2021, 18, 10537 16 of 16

smartphone application for improving healthy lifestyles, a randomized clinical trial (EVIDENT II): Study protocol. BMC Public
Health 2014, 14, 254. [CrossRef]

37. SemFYC. Actualización del Programa de Actividades Preventivas y de Promoción de la Salud 2018. Available online: https:
//www.semfyc.es/actualizacion-del-programa-de-actividades-preventivas-y-de-promocion-de-la-salud-2018/ (accessed on
23 November 2020).

38. Roman-Viñas, B.; Serra-Majem, L.; Hagströmer, M.; Ribas-Barba, L.; Sjöström, M.; Segura-Cardona, R. International physical
activity questionnaire: Reliability and validity in a Spanish population. Eur. J. Sport Sci. 2010, 10, 297–304. [CrossRef]

39. Ramos, R.; Solanas, P.; Cordón, F.; Rohlfs, I.; Elosua, R.; Sala, J.; Masiá, R.; Faixedas, M.T.; Marrugat, J. Comparación de la función
de Framingham original y la calibrada del REGICOR en la predicción del riesgo coronario poblacional. Med. Clin. 2003, 121,
521–526. [CrossRef]

40. Marrugat, J.; Solanas, P.; D’Agostino, R.; Sullivan, L.; Ordovas, J.; Cordón, F.; Ramos, R.; Sala, J.; Masià, R.; Rohlfs, I.; et al.
Coronary risk estimation in Spain using a calibrated Framingham function. Rev. Esp. Cardil. 2003, 56, 253–261. [CrossRef]

41. Adams, G.; Gulliford, M.C.; Ukoumunne, O.C.; Eldridge, S.; Chinn, S.; Campbell, M.J. Patterns of intra-cluster correlation from
primary care research to inform study design and analysis. J. Clin. Epidemiol. 2004, 57, 785–794. [CrossRef] [PubMed]

42. White, I.R.; Royston, P.; Wood, A.M. Multiple imputation using chained equations: Issues and guidance for practice. Stat. Med.
2011, 30, 377–399. [CrossRef] [PubMed]

43. Rubin, D.B. Multiple Imputation for Nonresponse in Surveys; John Wiley & Sons: Hoboken, NJ, USA, 1987.
44. Morgan, F.; Battersby, A.; Weightman, A.L.; Searchfield, L.; Turley, R.; Morgan, H.; Jagroo, J.; Ellis, S. Adherence to exercise

referral schemes by participants-what do providers and commissioners need to know? A systematic review of barriers and
facilitators. BMC Public Health 2016, 16, 227. [CrossRef] [PubMed]

45. Campbell, F.; Holmes, M.; Everson-Hock, E.; Davis, S.; Woods, H.B.; Anokye, N.; Tappenden, P.; Kaltenthaler, E. A systematic
review and economic evaluation of exercise referral schemes in primary care: A short report. Health Technol. Assess. 2015, 19,
1–110. [CrossRef] [PubMed]

46. Pavey, T.G.; Taylor, A.H.; Fox, K.R.; Hillsdon, M.; Anokye, N.; Campbell, J.L.; Foster, C.; Green, C.; Moxham, T.; Mutrie, N.; et al.
Effect of exercise referral schemes in primary care on physical activity and improving health outcomes: Systematic review and
meta-analysis. BMJ 2011, 343, d6462. [CrossRef]

47. Williams, N.H.; Hendry, M.; France, B.; Lewis, R.; Wilkinson, C. Effectiveness of exercise-referral schemes to promote physical
activity in adults: Systematic review. Br. J. GenPract. 2007, 57, 979–986. [CrossRef]

48. Schutte, B.A.M.; Haveman-Nies, A.; Preller, L. One-year results of the Beweeg-Kuur lifestyle intervention implemented in Dutch
primary healthcare settings. Biomed. Res. Int. 2015, 2015, 484823. [CrossRef] [PubMed]

49. Arija, V.; Villalobos, F.; Pedret, R.; Vinuesa, A.; Timón, M.; Basora, T.; Aguas, D.; Basora, J.; Pas-a-Pas Research Group. Effectiveness
of a physical activity program on cardiovascular disease risk in adult primary health-care users: The “Pas-a-Pas” community
intervention trial. BMC Public Health 2017, 17, 576. [CrossRef]

50. Orrow, G.; Kinmonth, A.L.; Sanderson, S.; Sutton, S. Effectiveness of physical activity promotion based in primary care: Systematic
review and meta-analysis of randomised controlled trials. BMJ 2012, 344, e1389. [CrossRef]

51. Martín-Borràs, C.; Giné-Garriga, M.; Puig-Ribera, A.; Martín, C.; Solà, M.; Cuesta-Vargas, A.I.; PPAF Group. A new model of
exercise referral scheme in primary care: Is the effect on adherence to physical activity sustainable in the long term? A 15-month
randomised controlled trial. BMJ Open 2018, 8, e017211. [CrossRef]

52. Conn, V.S.; Hafdahl, A.R.; Mehr, D.R. Interventions to increase physical activity among healthy adults: Meta-analysis of outcomes.
Am. J. Public Health 2011, 101, 751–758. [CrossRef]

53. Leenaars, K.E.F.; Florisson, A.M.E.; Smit, E.; Wagemakers, A.; Molleman, G.R.M.; Koelen, M.A. The connection between the
primary care and the physical activity sector: Professionals’ perceptions. BMC Public Health 2016, 16, 1001. [CrossRef] [PubMed]

54. Bull, F.C.L.; Schipper, E.C.C.; Jamrozik, K.; Blanksby, B.A. How can and do Australian doctors promote physical activity? Prev.
Med. 1997, 26, 866–873. [CrossRef]

55. Vuori, I. Role of primary health care in physical activity promotion. Dtsch. Z. Sportmed. 2013, 64, 176–182. [CrossRef]
56. Din, N.U.; Moore, G.F.; Murphy, S.; Wilkinson, C.; Williams, N.H. Health professionals’ perspectives on exercise referral and

physical activity promotion in primary care: Findings from a process evaluation of the National Exercise Referral Scheme in
Wales. Health Educ. J. 2015, 74, 743–757. [CrossRef] [PubMed]

57. Hébert, E.T.; Caughy, M.O.; Shuval, K. Primary care providers’ perceptions of physical activity counselling in a clinical setting: A
systematic review. Br. J. Sports Med. 2012, 46, 625–631. [CrossRef]

http://doi.org/10.1186/1471-2458-14-254
https://www.semfyc.es/actualizacion-del-programa-de-actividades-preventivas-y-de-promocion-de-la-salud-2018/
https://www.semfyc.es/actualizacion-del-programa-de-actividades-preventivas-y-de-promocion-de-la-salud-2018/
http://doi.org/10.1080/17461390903426667
http://doi.org/10.1016/S0025-7753(03)74007-X
http://doi.org/10.1016/S0300-8932(03)76861-4
http://doi.org/10.1016/j.jclinepi.2003.12.013
http://www.ncbi.nlm.nih.gov/pubmed/15485730
http://doi.org/10.1002/sim.4067
http://www.ncbi.nlm.nih.gov/pubmed/21225900
http://doi.org/10.1186/s12889-016-2882-7
http://www.ncbi.nlm.nih.gov/pubmed/26944952
http://doi.org/10.3310/hta19600
http://www.ncbi.nlm.nih.gov/pubmed/26222987
http://doi.org/10.1136/bmj.d6462
http://doi.org/10.3399/096016407782604866
http://doi.org/10.1155/2015/484823
http://www.ncbi.nlm.nih.gov/pubmed/26380276
http://doi.org/10.1186/s12889-017-4485-3
http://doi.org/10.1136/bmj.e1389
http://doi.org/10.1136/bmjopen-2017-017211
http://doi.org/10.2105/AJPH.2010.194381
http://doi.org/10.1186/s12889-016-3665-x
http://www.ncbi.nlm.nih.gov/pubmed/27655426
http://doi.org/10.1006/pmed.1997.0226
http://doi.org/10.5960/dzsm.2012.073
http://doi.org/10.1177/0017896914559785
http://www.ncbi.nlm.nih.gov/pubmed/26527835
http://doi.org/10.1136/bjsports-2011-090734

	Introduction 
	Materials and Methods 
	Design 
	Setting 
	PHC Centers 
	Participants 
	Assignment of PHC Centers to Different Interventions 
	Intervention Group 
	Usual Care Group 

	Outcomes 
	Primary Outcome 
	Secondary Outcomes 

	Sample Size 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

