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The lack of culturally and contextually oriented interventions promoting physical activity (PA) has led
to increased physical inactivity among women living in disadvantaged neighbourhoods in Sweden.

In this study one such intervention informed by community-based participatory research (CBPR) has
been evaluated among 34 women from a disadvantaged neighbourhood before and during COVID-19.
Health-related quality of life (HRQOL), behavioural and biomedical outcomes were assessed directly
prior and post-intervention, followed by evaluations at 6-months and 18-months follow-up during
COVID-19. The results revealed that HRQOL, particularly psychological, social, and environmental
health significantly increased post-intervention compared to prior to intervention but reversed back at
6-months follow-up. Perceived health satisfaction and environmental health increased at 18-months
follow-up during COVID-19. Participation in PA improved post-intervention and at 6-months
follow-up. Everyday activities and fruit and vegetable intake continued to increase through all
timepoints. Systolic blood pressure significantly decreased post-intervention and 6-months follow-up;
blood flow rate increased significantly at all timepoints. Overall, the findings underscores the potential
effectiveness of CBPR approaches in promoting and sustaining healthy lifestyles, even during acute
situations such as the COVID-19. It may even serve as a future model for promoting health and
addressing health disparities in similar groups.

Physical activity is an essential behavioural factor that contributes to overall health and well-being of individu-
als. Recent research has even shown physical activity as a therapeutic strategy to mitigate COVID-19 since it
induces anti-inflammatory response in the tissues and bloodstream which inhibits the immunosuppressive
mechanism of the virus restricting the spread of infection while also alleviating related symptoms of depression
and anxiety'~*. Despite the fact that the World Health Organization (WHO) recommends 150 min of moderate
intensity aerobic activity per week for adults aged 18-64 years, nearly 30% of the global population over the age
of 15 years are physically inactive. Thus, physical inactivity has been regarded as a widespread global pandemic®”’.
While it is known that physical activity levels seem to differ by age, gender, and disability®, research suggests a
social gradient associated with it. This in particular is related to differences in factors such as social and physical
place in which individuals thrive, including access to health care system which may influence individual choice
of lifestyle and thereby their health and quality of life. Lack of access to a healthy lifestyle owing to socioeconomic
factors has contributed to increasing health inequalities given the rapid rise in chronic diseases which also exerts
a substantial economic burden on health systems of the countries in the world.

This seems also true even in a welfare state as Sweden where a vast majority (65%) of the Swedish adult popu-
lation follow the WHO recommendation for physical activity”'’. A Swedish population study mapping population
risk factors for diabetes has identified disparities in physical activity associated with socio economic conditions
and neighbourhood deprivation'!. Residents living in a low socio-economic or disadvantaged neighbourhood in
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larger cities in Sweden, exhibited low fitness levels due to prolonged sitting and lack of access to physical activ-
ity, such as sport or training'>'?. Problems with integration in these communities has led to low social contact,
segregation, and mental ill-health'*!°. These communities also face issues such as unemployment and those few
that are employed tend to have poor work-life balance leading to lack of time for self-care or physical activity'.

Population level studies from several regions in Sweden show that women predominantly from multicultural
background living in socially disadvantaged neighbourhoods were often physically inactive owing to lack of cul-
turally and contextually oriented efforts to promote physical activity'®!”. Women from these kind of neighbour-
hoods frequently experience more challenges to engage in physical activity than their male counterparts owing to
being financially dependent to their spouse also related to cultural aspects which may hinder their possibility to
access physical activity facilities. Previous research has also shown that the rate of chronic disease seemed higher
particularly among these women due to their lack of access to knowledge regarding behavioural risk factors and
the lack of access to health care services owing to financial and language barriers, resulting in delayed access to
primary care, late diagnosis, and treatment!®'8-2%, Despite having the greatest health risks these women are often
disproportionately exposed to health promotional initiatives especially those offered at a population level**?2,

In the Nordic context, the municipality and the regional authorities are responsible for public health related
activities at the local level. However, community-based preventive and promotive initiatives by the health care
sector which is adapted to the citizens’ needs and is built based on constructive dialogues with the citizens are
sparse. At the same time, there are fewer opportunities for poor migrants given that the investment in the public
sector has been reduced considerably over the years, creating a health gap. Aside from this COVID-19 pandemic
which predominantly affected citizens in disadvantaged neighbourhoods has led to a health crisis further accel-
erating the physical inactivity pandemic which the public health authorities have failed to address for over two
decades??. Despite the fewer COVID-19 restrictions in Sweden, studies show that negative changes in lifestyle
including physical inactivity, which was significantly higher among women from socially disadvantaged neigh-
bourhood as they spent more time in sitting at home, and had higher odds of mental ill-health®.

Experiences drawn from previous studies in similar contexts suggest that citizens often require support in
form of tailored community health programmes which are contextually responsive and also help to deal with the
complexities of existing and also newly emerging diseases?*-?%. Further evidence suggests that tailored initiatives
should also strive to promote integration to society so public actors such as the social services and health care®.

Community-based participatory research (CBPR) is an approach where citizens from the communities act
as partners and are active in conceptualizing a research problem to final dissemination and evaluation of the
programme together with academic researchers and other stakeholders®*-**. CBPR interventions has also been
successful in protecting health and well-being during acute situations such as pandemics and natural disasters
given that the equitable partnership between the community and the academicians helps mitigate stress and
promotes resilience and recovery?”-*#34-3, Previous studies suggest that behavioural interventions are more likely
to be sustainable when interventions are developed together with the community through a community academic
partnership (CAP) built on trust. A CBPR approach assumes that the communities possess invaluable experiential
knowledge that is often not taken into consideration when developing traditional behavioural interventions®”%.
It is therefore important to take the local context where the communities thrive into consideration when creating
interventions targeting behavioural change. This also involves sharing of power with the community in reflective
dialogues while discussing the research. Including members from the community in dialog and reflections over
decisions concerning their health and wellbeing can improve their quality of life on individual level as well as
lead to social sustainability and increased community capacity**°. When community members and researchers
work collaboratively to develop interventions, community members themselves can help identify and overcome
potential barriers that otherwise remain hidden in traditional interventions designed or proposed by academi-
cians or policy makers. Further, CBPR interventions comprises also of some element of social activities familiar to
the community members, making it more accessible and easier for them to incorporate it to their daily routine®.
A CBPR partnership often also includes other stakeholders from the local public, private and non-profit sectors
who are also active during the development of interventions. Through being active partners, the societal actors
tend to have an increased understanding about the fruitfulness of the intervention and may thus be more willing
to support the future of these interventions even after funding fér CBPR research projects end*.

Sweden does not have a pre-established initiative within the societal system for working closely with com-
munities nor the knowledge of the needs of communities living in disadvantaged neighbourhoods. Thus, there
is a need for working with newer models working closely with the communities to better understand their needs
which may be specific to their context. One such initiative is a CBPR programme namely Equal Health that
was developed together with the citizens from a socially disadvantaged neighbourhood in Southern Sweden*!.

Equal health programme

The program was influenced by Frerian ideologies** and had the aim to create means to reduce health disparities
and improve health among citizens in the neighbourhood through participatory and co-operative strategies.
This programme started with a trust building phase, where the research team participated in the local activi-
ties happening in the municipality meeting places in the neighbourhood to familiarize themselves among the
citizens and members of the local women’s network. Following this, the researcher team with the support of
the field workers from the municipality, invited citizens from the neighbourhood to participate in explorative
future workshops in the neighbourhood*’. The future workshops gave the opportunity for citizens from the dis-
advantaged neighbourhood to express their needs and identified strategies and the resources needed to promote
health, well-being and quality of life*’. Following this, the citizens together with the academic partners and other
stakeholders engaged in a CBPR planning based on the CBPR model as described by Wallerstein et al.* which
led to the establishment of six health promoting living labs corresponding to the problem areas raised during
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the future workshops namely mental health, oral health and diet, physical activity, social health, safety in the
area and women’s health?!.

The living labs were coordinated by selected members from the community known as lay health promoters
(LHP) who had the role of assisting the research team in identifying participants, language interpretation and
most importantly acting as bridges for communicating cultural nuances of the community to the research team.
The LHPs were schooled in Freirean ideologies of liberation*? and trained in participatory methods in specific
to manage power mechanisms. They also received support from the research team and social workers from the
municipality to handle power imbalances they experienced while facilitating activities in the living labs and
recruiting members of the community to the activities. At the structural level they also balanced power when
working with stakeholders in the programme to ensure the community members’ voices were not overridden
by other actors.

This study describes the evaluation of the CBPR physical activity (PA) intervention implemented within the
physical activity lab. The PA intervention was co-developed together with the citizens of the neighbourhood and
tested for its feasibility with fifteen participants who participated in the development of the intervention. The
development and initial assessment have been presented earlier in the feasibility study by the research team™.
The feasibility study assessed health-related quality of life, behavioral change and common health parameters as
means to monitor change in health, as suggested by the citizens.

Although the feasibility study showed improved health, quality of life and behaviour it lacked clarity on the
compliance to the intervention over a longer period since the perceptions relating to health-related quality of
life and some of the biomedical parameters were assessed only once post-intervention. Secondly, the feasibility
study included only some of the citizens who were involved with the development of the intervention. Thus,
there was a need to implement and evaluate the intervention among other citizens from the neighbourhood.

For over two decades it has been repeatedly proven that CBPR health promotions empower communities and
contributes significantly to public health efforts in reducing health disparities globally****4-45_ Several CBPR
initiatives specifically targeting physical interventions do exist*-*! including some others that were initiated
during the pandemic®>®. But interventions implemented ahead of the pandemic followed through the pan-
demic are relatively sparse given that most parts of the world were on lockdown. One CBPR intervention from
United States®® which was implemented during the pandemic, did not include actual physical training but only
motivational dialogues with reflection sessions. In addition, the goals for physical activity were pre-determined
by the research team and were virtually evaluated (through online data collection) only during two timepoints
before and after the intervention.

Given that the current study was based in the Swedish context where no strict lockdowns were implemented
there was a possibility to evaluate the intervention both before and during an ongoing pandemic. Thus, the
results of our study may add important knowledge to public health practioners globally regarding the value
of establishing CBPR partnerships with communities ahead in time in preparation for future crisis situations.

Thus, the aim of the current study was to evaluate the impact of a CBPR informed physical activity interven-
tion on the health and related behaviours of women living in socially disadvantaged neighbourhoods in Southern
Sweden before and during COVID-19.

Methods

Context

The intervention programme being evaluated was based in one of the disadvantaged neighbourhoods located
in Southern Sweden which was enlisted as highly vulnerable by the Swedish national security agency owing to
problems, such as high rate of criminality, low education levels and unemployment*. The citizens living in this
neighbourhood are non-Swedish speaking migrants predominantly from the Middle east as well as, other Arabic
speaking countries*.

Study design

The current study used a longitudinal evaluation design to assess the health effects of the participatory research
informed intervention. Since the current research was based on the community-based participatory research
approach the evaluation was an iterative and ongoing process®. Quantitative data in form of surveys and bio-
medical assessments were gathered at four points of time, at first ahead of the intervention (t1), the second
measure was precisely after the intervention (t2), the third about six months post-intervention (t3) and the
last (t4) during COVID-19 about additional 12 months after t3 (see Fig. 1). The COVID-19 pandemic was not
planned from the beginning when the initial data collection was planned. But it was not extended either since
the longitudinal evaluation over time was already planned from the beginning within the larger project Equal
Health. In contrast to traditional research studies where the design is preset, in CBPR studies the study design
is much more flexible as it accommodates an iterative research process. Participants or the community input is
considered throughout the research process. In the case of this study there was a collective decision in collabora-
tion with the participants to include the COVID-19 aspect into study aims.

Participants were also engaged in focus group discussion in reflective dialogues about how the intervention
and the collaboration with the research team worked during the same four timepoints. However, given the rich-
ness of both the qualitative and quantitative data assimilated the authors decided to present them as two different
manuscripts so results from both parts are sufficiently reflected rather than condensing them by compromising
one for the other. The qualitative study reporting the participants perspectives relating to participation in the
CBPR intervention has been previously published by the authors of this manuscript™.
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Figure 1. The timeline of events in this study and the qualitative study conducted in parallel.

Participants

Three lay health promoters were involved in participant recruitment for this study. These lay health promoters
initially reached out to about 40 individuals from the neighbourhood who were not part of the development
of this physical activity intervention®, but had participated in the initial future workshops*'. Participants were
contacted through face-to-face interactions, as well as, using flyers in Arabic, Swedish and English. There were
no specific inclusion criteria for this study as the entire platform was grounded in the participatory principles,
which insists on social inclusion. However, in line with the perceptions of citizens that emerged from the feasi-
bility study* the current intervention targeted to include as many women as possible. The research team only
ensured if participants had any medical or physical restrictions that could hinder their participation.

CBPR physical activity intervention

Development

The citizens from the neighbourhood who initially raised physical inactivity as a problem during the future
workshops together with one of the LHPs co-developed a unique physical activity intervention. The LHP was a
was a physical activity enthusiast, born and raised in the neighbourhood. More details about the intervention
have been presented in the feasibility study®. The intervention consisted of four key aspects namely (1) natural
human movements focusing on simple body movements; (2) nutrition and health focusing on healthy diet; (3)
restoration and healing included discussion on stress and recovery. The fourth aspect in the intervention was
reflection and dialogue where focus was on the importance of physical activity and why it should be accessible
for all members in the neighbourhood without differences. The training exercises began with simple body move-
ments to gradually facilitate a change in the citizens’ lifestyle. Over time the activity was designed to gradually
turn into more complex exercises customised to individual abilities.

The citizens taking part in the intervention were certified as health ambassadors who could further spread the
intervention to others in the community. As health ambassadors the participants could spread their knowledge
to others in their family and in their neighbourhood. Such a method has previously been proven effective in
spreading the intervention to larger population groups®®*. The intervention was offered for free with an inten-
tion to make it accessible to all.

Feasibility test

The results of the feasibility study with 15 participants identified the need for activities separately for men and
women and an immediate need to focus on women as they were isolated and suffered with mental health related
issues. The uptake of interventions was perceived better when offered as a group activity and participants also
appreciated the possibility to assess their physical health using biomedical tests as they believed that it gave them
an evidence of the health impact of the intervention, which further motivated them to be physically active*>.

Implementation of intervention

The intervention was offered twice a week in two different groups with fifteen to twenty persons in each of the
two groups. Each session lasted for about two hours over a period of three months between March 2019 and
May 2019 (Fig. 1). The intervention included physical activity indoors and outdoors, as well as dialogue and
reflection sessions focusing on other health determinants associated with physical activity such as diet and
stress. The lay health promoters together with other community members certified as health ambassadors who
had participated in the feasibility study and initial development of the intervention facilitated these sessions. A
minimum of two facilitators from the lay health promoters or health ambassadors were present on all occasions
to help the participants. After the intervention program ended, the participants had the opportunity to train
on their own or in self-organized groups of their choice for a period of 6 months until December 2019. During
this period, they also had the opportunity to communicate with the lay health promoters via social media. With
the emergence of the COVID-19 and the physical distancing recommendations the participants actively sought
support from the lay health promoters and reinitiated online physical activity sessions as an adapted version of
the intervention for the groups.
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Assessments

Quality of life and behavioural health surveys

Data was collected using a survey evaluating the different domains influencing health related quality of life
using the WHO Quality of Life-BREF survey which is a modified version of the WHOQOL-100°". The survey
was distributed by the research team together with the health promoter at all four points of time, first before
the intervention start at a point t1, the second immediately after the intervention program ended (t2), the third
about 6 months after the intervention program ended (t3) and the fourth during COVID-19 pandemic (t4). The
survey includes 26 items, of which 24 items were grouped into domains namely physical health, psychologi-
cal health, social relationships, and environmental domains. The remaining two items were known as global
items®'. The domain scores were calculated from the responses and were later transformed into a 0-100 point
scale according to the guidelines of the WHOQOL-BREF®.. A higher score indicates better quality of life. The
questionnaire was available in several languages including Arabic and Swedish. Since most of the participants in
this study could only understand Arabic, the Arabic survey was uniformly distributed to the all the participants.
The health promoter assisted participants who had difficulties to independently responding to the questions.
This survey was previously validated in 15 different locations and the reliability and validity of the Arabic version
was also assessed in a similar population®?. The research team has also previously assessed the psychometric
properties of the WHOQOL-Bref survey in the current study context using Rasch models®. The results of the
psychometric evaluations indicates that all WHOQOL-Bref domains except Social relationships displayed a
separation index > 1.5 which corresponds to a cronbach a of 0.7 indicating an acceptable reliability of all but
one subscale®.

Aside of quality of life assessments, participants’ demographic details such as age, gender, mother tongue,
educational qualifications, current employment status, socio-economic status, as well as behavioural factors such
as diet, physical activity levels, leisure activities were also gathered using standard questions from the national
public health survey® at the same four points of time when the quality of life assessments were made. The national
public health survey has been administered as an annual cross-sectional surveillance of health, lifestyle and liv-
ing conditions of the Swedish population living in 21 regions around the country since year 2004. The questions
assessing behavioral factors were individual items which were part of the national public health survey. The
national public health survey is a collection of individual items and not treated as a unidimensional scale and
therefore has not been validated psychometrically. In addition, the questions used in this study have even been
used in another study among newly arrived migrants and asylum seekers in Sweden®.

Biomedical assessments
Physical health was measured using non- invasive biomedical devices. Cardiovascular functioning was monitored
through assessment of blood pressure and resting heart rate using iHealth Sense Wireless Wrist monitor from
iHealth Labs Inc. (Sunnyvale, California, USA) by placing the device on the participants’ wrist. Blood flow rate
and stress index were measured using an AngioScan-01 from AngioScan-Electronics (Moscow, Russia). The
device was placed on the participants’ right index finger. Oxygen saturation levels, as an indicator for cardiovas-
cular health and also as measure to understand the condition of the lungs given its relevance to COVID-19, were
assessed using an iHealth Air-Pulsoximeter from iHealth Labs Inc. Body mass index, fat mass, and muscle mass
were assessed using a Tanita Model MC780MA. The participants’ height was manually entered into the Tanita
machine, which further calculated the Body mass index based on the weight measured. Body composition was
determined to evaluate the risk for metabolic diseases.

All biomedical assessments were completed in about an hour for each patient on each of the four occasions.
A biomedical researcher (SC) who was also part of the research team assisted by lay health promoters performed
the assessments. The biomedical experts followed the necessary safety measures particularly during the last occa-
sion during COVID-19, including good hand hygiene and used gloves and facemasks while performing the test
in accordance with the recommendation from the Swedish Public Health Agency.

Participants were not requested to follow any protocol ahead of the biomedical tests; however, the participants
were tested around the same time of the day at all four-timepoints (see Fig. 1).

Statistical analysis

Before initiation of the study, the sample size was determined by a power analysis based on the feasibility study®.
With an alpha set at 0.05 and power at 0.80 approximately, 34 participants were required to identify a detectable
change in the quality-of-life scores pre-post intervention.

As afirst step in the analysis, all variables, from the biomedical data and the quality-of-life scores, were tested
for normality. The non-parametric analysis was preferred over parametric analysis due to the ordinal data in some
of the outcome variables. As a second step. Friedman’s test was used to assess differences between the four time
points for the quality of life, behavioral and biomedical measures. The Friedman’s test was considered as it is the
non-parametric version of ANOVA and is particularly useful given the longitudinal nature of data collected in
the study. When the Friedman’s test was significant, the Wilcoxon-signed rank tests was then applied to ascertain
differences between specific time points of interest for this study. Such an approach was chosen as an alterna-
tive to Friedman’s Rank test as Friedman’s mean rank test relies on the pool of algorithms that were originally
included in the study®®, which means that the differences that happen between t1 and t2 can be compromised by
the inclusion of t3 and t4 or vice versa, not allowing to account for other circumstances surrounding these time
points such as the COVID-19 pandemic or the absence of an organised intervention.

The scores of the four quality of life domains and two global items, the behavioural factors, and biomedical
measures were compared in three stages, viz. measures at t1 prior to invention start vs. that of t2 measured directly
at the end of the intervention, followed by t2 vs t3 measured 6 months after completion of the intervention and,
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finally, t3 vs. t4 during COVID-19. The comparison of medians were done using Wilcoxon’s Signed Rank Test
models®. The changes were monitored at group level. Statistical significance was set at a p value of <0.05. The
p-values of the Wilcoxon-signed rank tests were then adjusted using the Bonferroni correction based on the total
number of comparisons being performed. Effect sizes were finally calculated and interpreted based on reference
levels, d=0.2 or lower was considered small, 0.2 <d <0.5 as medium, and d=0.8 or larger as large”.

Ethical considerations

The lay health promoters verbally informed all participants through a video call via Whatsapp in Arabic language
about the purpose of the research study prior to the first data collection occasion. Participants were also assured
that participation was voluntary and that they were allowed to leave the study at any point in time without any
consequences.

In the later part during COVID-19 participants were assured that all activities were to be carried out in
accordance with guidelines from the Swedish Public Health Agency. Participants were also ensured that the
biomedical researchers who collected biomedical data would follow the necessary safety measures, including
good hand hygiene in accordance with the Swedish Public Health Agency’s recommendations. All the above
information was also provided to the participants in writing together with contact information of the research
team. Participants were asked to sign an informed consent form during the first occasion. All data collected were
anonymized and kept confidential. The data was only accessible to the members of the research team.

Ethics and consent

This study was conducted in line with the Helsinki Declaration and Swedish Ethical Review Authority approved
the study (DNR 2018/382 and DNR 2020-04063). The data collected are anonymized and securely stored. Par-
ticipants were given verbal and written information and written informed consent was obtained. They were also
informed that participation was voluntary, and they were free to leave the study at any point of time without
consequences.

Results
All participants in this study were of Arabic descent and were aged between 23 and 77 years. The demographic
characters of participants are presented in Table 1.

Of the 40 females who were invited 34 (88%) of them participated in the intervention programme, and the
research study. Three of the forty participants, who were initially invited dropped out ahead of the start of the
intervention since the training times did not match their individual and family commitments or schedules. Data
from three participants were excluded, as they were not present in two of three test occasions when research
data were collected. At the final follow-up during COVID-19 at time point t4 only 28 participants were available,
since three of the 35 women who were invited could not participate as they had not returned from their home

Participants
Characteristics n=34
Age
Range (md) 23-77 (49)
Country of origin
Iraq 10 (29%)
Syria 8 (24%)
Lebanon 5 (14%)
Palestine 4 (12%)
Iran 4 (12%)
Algeria 1 (3%)
Egypt 1(3%)
Sudan 1(3%)
Educational qualification
University education 7 (19%)
High school 11 (31%)
Elementary school 16 (50%)
Employment status
Employed 3(9%)
Sick leave 2 (6%)
Parental leave 2 (6%)
Studying/internship 10 (29%)
Retired 9 (27%)
Home maker 8 (23%)

Table 1. Demographic characteristics of participants.
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country after summer vacation due to unavailability of flights. One other woman who dropped out had been
diagnosed with COVID-19 2 days ahead of data collection. Three participants mentioned that they feared being
infected, as they belonged to a risk group and thus refused to participate. Dropout analyses in terms of baseline
behaviour, biomedical parameters and quality of life scores showed that the women who dropped out did not
significantly differ from those who remained in the study.

Health related quality of life

The median and range of the WHOQOL-BREF domain scores at the three points of time is presented in Table 2
together with the Friedman’s coefficient. Overall, there were significant changes in the psychological, social and
environmental health domains as well as, in the perceived health satisfaction over time. The mean score signifi-
cantly increased for all of quality of life domains (p <0.05) except the physical health domain (p>0.05) at time
point t2 compared to t1. However, there were no remaining significant changes at point t3; rather the percep-
tions reversed after 6 months of completion of the physical activity intervention at point t3 compared to t2. The
participants did however perceive an increased satisfaction in their health at time point t4 as compared to that
in t3. There was also an increase in environmental health domain scores (p <0.05) between t3 and t4. The effect
sizes for change in perception of health-related quality of life at time point’s t1-t2, as well as t3-t4 were overall
low. The results from the health-related quality of life measures is presented in Table 3.

Behavioural factors

The descriptive scores for the different behavioural factors at the three points of time is presented in Table 2
together with the Friedman’s coefficient. The physical activity intervention also yielded direct and positive sig-
nificant changes in behaviour especially concerning nutrition and fitness at t2 compared to t1 (Table 3). After
participation in the intervention, the women were significantly more likely to consume more vegetables and
fruits (p < 0.05) than ahead of their participation in the intervention at all three times compared t-t2, t2-t3 and
t3-t4. With regards to fitness behaviour, the results indicated that participants spent significantly more time
on physical activity or sports and reported to have a more active lifestyle in their everyday life (p < 0.05) at t2
compared to t1. Physical activity levels reversed back at time point t3 compared to t2 but were still higher than
t1 while observing the descriptive scores. There was a significant increase in everyday activities and fruit and
vegetable intake at point t4 compared to t3 and earlier (p < 0.05). The intervention did not significantly influence

Friedmans test ;Iedian (range) ;cledia.n (range) ;\iedian (range) k’[edian (range)
Health and behavioural variables | X? n=34 n=34 n=34 n=28
I. Quality of life domain
Physical domain 32 56 (19-88) 63 (13-94) 56 (19-94) 6 (19-88)
Psychological domain 8.7* 56 (25-81) 69 (25-94) 56 (6-94) 56 (19-94)
Social relationships domain 7.9% 56 (19-100) 75 (44-100) 69 (31-100) 9 (25-100)
Environmental domain 6.5% 56 (19-94) 63 (25-88) 56 (25-88) 63 (38-88)
Quality of life 1.32 4(1-5) 4(1-5) 4(1-5) 3(2-5)
Health satisfaction 11.5* 3(1-5) 4 (1-5) 4 (1-5) 4(1-5)
I1. Behavioral factors
Leisure time physical activity 14.4* 0 (0-5) 3.0 (0-5) 2.0 (0-5) .0 (0-5)
Everyday activities 21.1% 2.0 (0-6) 4.0 (1-6) 2.0 (0-6) .0 (0-6)
Hours of sitting 2.1 0 (0-6) 5.0 (0-6) 5.0 (0-6) .0 (0-5)
Vegetable intake 16.5% 3.0 (5.0) 5.0 (4.0) 3.0 (0-5) .5 (0-5)
Fruit intake 18.9* 4.0 (0-5) 5.0 (2-6) 4.0 (0-6) 5 (0-6)
Fish intake 1.2 2 (1-4) 2(1-4) 2(0-4) 2 (1-4)
Soda intake 3.6 3.0 (0-4) 3.0 (0-5) 3.0 (0-5) 3.0 (0-4)
III. Biomedical parameters
Oxygen saturation 4.9 98 (92-99) 98 (94-99) 98 (96-99) 97 (93-99)
Systolic blood pressure 7.9* 126.5 (96-162) 117.5 (98-164) 123 (98-180) 125 (88-196)
Diastolic blood pressure 6.6 80 (55-104) 75 (62-98) 74 (62-98) 77 (45-99)
Resting heart rate 7.4 78 (60-90) 77.5 (60-92) 78 (56-96) 73 (48-84)
Blood flow rate 12.7* 329 (273-371) 334 (295-386) 324 (207-385) 334 (274-395)
Stress index 29 199 (25-675) 186 (6-1087) 252 (50-1055) 128 (12-899)
Body mass index 0.4 30.7 (21.7-44.4) | 30.5(20.7-43.7) | 30.2 (20.7-40.8) | 29.5 (20.0-41.0)
Muscle mass 0.7 46 (34.3-61.0) | 46.2 (35.6-62.9) |44.6 (34.0-60.7) 45 (36.0-61)
Fat mass 6.7* 27.2 (14.2-56.7) 26 (12.9-56.6) | 28.6 (13.4-50.9) | 27.6 (12.0-50.0)

Table 2. Descriptive statistics of all variables time points t1-t4 and Friedmans test comparing differences
between the time points. *Adjusted p-value <0.05.
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t2-tl t3-t2 t4-t3
Health and behavioural D meed e
variables Mean difference (SD) ‘ z ‘ Effect size | Mean difference (SD) ‘ z ‘ Effect size | Mean difference (SD) ‘ z ‘ Effect size
L. Quality of life domains
Psychological domain 10.1 (12.4) -3.9*% |05 —9.7 (23.6) —2.2% 0.3 1.22(16.66) -0.36 |0.0
Social relationships domain 8.6 (16.9) -2.9% |03 -0.9 (23.3) -0.2 0.02 —4.70 (19.93) -1.76 0.2
Environmental domain 5.4 (13.3) -2.3% 103 -4.9 (12.6) -2.1* 0.3 8.04 (16.54) -2.26% 0.3
Health satisfaction 0.6 (1.1) ~3.0* |04 ~0.5(1.4) —2.0* | 02 0.59 (1.15) —237* 03
11. Behavioural factors
Leisure time physical activity 1.4 (1.7) -39* |05 -0.7 (1.7) —-2.2% 0.3 0.8 (2.21) -1.53 0.2
Everyday activities activity 1.4 (2.0) -3.3* |04 -0.7 (1.7) -2.3* | 02 -1.18 (2.53) 2.29* 0.3
Vegetable intake 1.7 (2.0) —4.0* |05 ~0.7 (1.5) —24* | -03 1.03 (1.84) -2.66* |04
Fruit intake 1.1(1.7) -3.1* |04 0.5(1.4) -2.1* 0.3 1.00 (1.70) -2.79* |04

Table 3. Wilcoxon signed rank test comparing quality of life domains and that were statistically significant in
the Friedman’s test across the four timepoints t1-t4. ¢, pre-test, t, post-test, t3 6 months follow-up, t4 during
COVID-19. *Bonferroni adjusted p-value < 0.05.

soda intake, fish intake and hours of sitting at all points of time. The effect sizes for change in behaviour before
and after intervention both at t2, t3 and t4 was low to moderate.

Biomedical assessments

The descriptive measures for the different biomedical assessments at the three points of time are presented in
Table 2 together with the Friedman’s coeflicients. Systolic blood pressure significantly decreased (p < 0.05) at 2
when compared to t1. The levels were also significantly lower at time point t3 compared to t1 (p < 0.05). Blood
flow rate increased significantly between timepoints t1 to t2 (p < 0.05), decreased between timepoint t2-t3
and increased again between t3 and t4 (p < 0.05). There was a significant difference in fat mass at time point t2
compared to t1, but the effect significantly reversed at point t3 (p < 0.05). Blood flow rate increased significantly
between timepoints t3 and t4. All other biomedical parameters assessed remained stable and within normal
intervals at timepoints t2, t3 and t4. The results from the biomedical assessments are presented in Table 4.

Discussion

The intervention programme seems to have succeeded in increasing the daily physical activity levels of women
from disadvantaged neighbourhoods. The participants in this study perceived a higher health related quality of
life directly after participation in the intervention program, but the perceived quality of life reversed 6 months
after the organized intervention ended. However, it was also noted that during the pandemic the participants
experienced no changes in their quality of life. Moreover, the participants seemed to have continued to engage
themselves in activity even during the follow-up period (despite the absence of organized activities) as well as
during the pandemic. Similar results were also observed regarding the consumption of fruits and vegetables.
These behavioural changes were partly reflected on the physical health since there was a decrease in the levels
of systolic blood pressure, 6-month post intervention. Thus, this study seems to have some evidence indicating
that the participatory research informed physical activity intervention programme had a potential impact on
some of the important markers of cardiovascular disease both in terms of changes in risk behaviour as well as
physical and mental health thereby assisting in reducing health disparities.

This study also shows that an increased score in the environmental health domain after participation in the
intervention indicating an increased trust in the health care system and other public agencies compared to that
ahead of the intervention. The environmental health domain from the WHOQOL-BREF survey measured seven
different environmental/policy related factors which included satisfaction in health care. On examining the raw
scores of the individual items, satisfaction with access to health care was seen to have considerably increased

t2-tl t3-t2 t4-t3
Biomedical Mean difference Mean difference Mean difference
parameters N | (SD) z Effectsize |N | (SD) z Effect size | N | (SD) z Effect size
S&’ig’hc bloodpres- | 35 | g (14.3) -2.9¢ | 04 31 |2.4(17.9) -0.9¢ | -0.1 26 | 1.58(12.19) -0.73 | 0.1
Blood flow rate 32 12.9 (27.8) -22% | -03 25 | —19(44) -25% | -04 26 | —15.8(1.57) -2.66* | 0.4
Fat mass 31 -0.6 (1.0) -2.7% | -03 32 [14(5.9) -2.1* | -03 26 | —1.23(6.54) -0.17 0.0

Table 4. Wilcoxon signed rank test comparing biomedical parameters that were statistically significant in
the Friedman’s test across the four timepoints t1-t4. ¢, pre-test, t, post-test, 3 6 months follow-up, t4 during

COVID-19. *Bonferroni adjusted p-value <0.05.
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at t4 compared to other items. This finding was further confirmed during the focus group discussions with the
participants, who reported that through the support received from the lay health promoters with whom they
interacted through the Whatsapp group they gained better understanding of the recommendations and health
information distributed by the health and social care and thus began to have more faith in the systems®.

The results of the current study also demonstrates that participation in the physical activity intervention
program led to sustainable increase in habitual physical activity levels among women in the community who
otherwise reported to have led a sedentary lifestyle directly after intervention. Women also became conscious
about their diet and began consuming more vegetables and fruits after taking part in the intervention. The change
in physical activity levels together with dietary changes were also reflected on physical health of the participants
with significant improvement in at least one of the risk markers for chronic diseases, i.e., blood pressure, directly
after participation in the intervention.

As seen elsewhere in the world®”’, this study also showed a reduction in organised physical activity during
COVID-19 pandemic. However, women seemed to have identified alternate means to be active for example
there was a significant increase in everyday activities such as climbing up and down the stairs indoors, cycling
and walking in order to compensate the absence of organised physical activity. This was also reconfirmed from
the focus group discussions with the women by the research team. Some of the women also reported that they
were depressed when they could not engage in physical activities during the pandemic despite being aware that
it was important to preserve health during the pandemic. So the women said they tried to increase their everyday
activities to compensate for the exercises they performed during the pandemic®®.

Interestingly in the current study participants had increased their frequency of engagement in everyday
activities when they were unable to perform physical exercise or sports in public premises due to the COVID-19
pandemic. These findings were consistent with the discussions held with the women where they reported that
they felt frustrated and guilty if they could not maintain a physically active lifestyle. This was also prominent
during COVID-19 and thus, they found alternate means to keep themselves physically active including perform-
ing more everyday activities and using the stairs instead of the elevator®®.

Although measures on everyday activities increased significantly during the pandemic (t4) compared to that
at time-point t3, there was still a decrease in everyday activities at t4 compared to that post-intervention (t2).
A previous study among migrant women particularly those who migrated from warmer countries in the mid-
dle east to Sweden showed that leisure time activity such as walking, or cycling decreased significantly during
winter season’?. In the current study, the intervention was facilitated during late winter and beginning of spring
in Sweden and the t3 and t4 measures happened during winter. This may also explain the decrease in everyday
activity during long-term follow up. In addition, the discussions with the women also revealed that they were
usually depressed during winter as it was dark and cold, so they wanted to have more organised physical activi-
ties during these times as training in groups helped them recover from depression®.

The results relating to objective physical health assessed by biomedical tests after the intervention in the cur-
rent study are also in line with a randomized controlled trial evaluating a culturally adaptive physical activity
intervention offered by the primary care to migrants with high risk for cardiovascular disease’. The intervention
evaluated in the previous study was however, not informed by participatory research. An earlier review study
assessing the impact of interventions targeting health related behaviours also suggest that actively working with
health literacy and knowledge provision helps promote health and change in behaviour among community
members”.

The continued engagement in physical activity among women during the period of intervention in the current
study may be attributed to the participatory nature, where the women themselves actively participated in the
research process and set their priorities based on their needs, while other stakeholders and academicians facili-
tated the knowledge transfer process together with the women in a power neutral environment in an attempt to
foster empowerment which may in turn be a means to long lasting behavioural change”. In addition, participants
also received more information about the biomedical assessments and their own results, which they frequently
missed during their visits to the primary care according to results from the feasibility study*.

The results from the focus group discussions with the participants of this study® revealed that women took
initiative to reconnect with the other women in the group through social media during the pandemic. The women
received social support from each other which provided them strength to revive and also reiniate the group
physical activities with the support of the lay health promoters. This in turn seems to have helped them maintain
their physiscal health even during an acute situation such as the COVID-19. This was further strengthened by
the results from the current study where despite the rapidly spreading pandemic the women had reported an
increased satisfaction in their own health. These results were much in contrary to other studies**”®”® which
showed that lifestyle had worsened among citizens living in disadvantaged situations while they also percieved
poor health and symptoms related to mental ill-health during the pandemic thus unveiling the potential effect
of a participatory physical activity intervention on behaviour and health of women in disadvantaged neighbour-
hoods. Such a social support may have an impact in not only maintaining health during the pandemic but also
introducing community resilience given the evidence from prior research which shows that prolonged engage-
ment in neighbourhood activities in groups creates a feeling of social connectedness’.

Despite that the participants became certified as health ambassadors and had even created their own training
groups with other women from the neighbourhood during the long-term follow up, the findings from the focus
group discussions suggested that they experienced challenges to train with their own groups. This was owing to
lack of access to indoor facilities and inability to independently coordinate practical aspects such as scheduling
times and holding contact with their groups as that done by the lay health promoters®. Thus, the role of the lay
health promoters may also be of interest in this study since together with facilitating activities they have also
been instrumental in bridging between participants and creating a bond between them leading to the formation
of a social support network. This was further confirmed in the focus group discussions where the participants
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reported that the lay health promoters had suported them individually to help address their challenges and
uncertainties through bringing them to a social context which helped them identify their own strengths.
Aspects such as social support through participation in social networks relate to the concept of social capital,
which is the ability of individuals to acquire mutual benefits through being members in certain social networks.
This may relate to the case of the current study where performing physical training as a group may be associated
with changes in perceived health acquired with the support of the social network®2,

Limitations

Although the results from this study show both individual and societal benefits from participating in the inter-
vention, there were also some methological limitations. One key limitation in this study is self-selection. Further,
the health status of the participants and the medications they may have consumed can be regarded as potential
confounders in this study. No information regarding the participants medical history was assimilated in this
study as well as the qualitative study. However, the discussions with the participants during focus groups have
been elaborated in the discussion for the purpose of triangulating and reconfirming our findings. In addition,
the lack of a control group, limits the possibility to elaborate on the causal effects of the current findings, as well
as generalization of the findings to a larger population/community. Although the statistical significance may
be affected by these biases, CBPR studies often place ethical aspects of inclusion and equity more central than
optimal research designs with randomisation and controls (or RCTs). RCT measures causal relationships but
not elucidate the mechanisms of change and the interactions that happen with precision. Further, RCTs emerges
from the assumption that complex mechanism can be measured by breaking into smaller components which can
be independently measured. However, CBPR studies focuses on situated knowledge in a particular population
group that promotes active learning from the specific context as a whole. Thus, measuring fragments may not
elucidate the utility of CBPR interventions. Further the impact of the CBPR interventions are assessed both based
on process and outcomes which are defined by the community members themselves. Designing an RCT study
where the participants themselves have been part of designing the intervention and evaluation may not often
be feasible. Therefore, prior research recommends assessing the impact of CBPR studies using a wide range of
outcome measures®>* as done in this study. Future studies with larger and more diverse samples (to also allow
for subgroup analysis) and a better controlling design (with control groups and/or cross-over designs) could
provide more and better evidence in relation to the intervention program.

The results from the biomedical test should also be interpreted with caution since information relating
to medications consumed by the participants were not obtained and could therefore influence the variables
measured. Another limitation is missing data in the biomedical parameters’ due to technical issues faced while
the biomedical assessments were performed. Further, the validity of the results obtained from the non-invasive
testing over the more standard invasive measures may be seen as limitation. The novel non-invasive techniques
used in this study*® have however previously shown to be a stress-free and less time consuming alternative to
invasive measures. Including only women can be considered as another potential generalization limitation in
this study. However, the learnings from the feasibility study indicated that women in these neighbourhoods are
often isolated and prone to lifestyle related health problems compared to their male counterparts. In addition,
the men in the neighbourhood had access to several other forms of physical training including gyms and outdoor
training facilities unlike women who had traditional restrictions to train in public or together with other men®.

Although some of the conclusions of the causality between the programme and the outcomes can be biased
by other factors as well. It must be noted that the women themselves have said during focus group discussions
that this intervention was meaningful unlike other activities available in the neighbourhood in that it was not
only adapted to their needs, but that they themselves were able to decide and reflect together regarding the
intervention which was also the reason for its uptake®.

Conclusion

This participatory research informed physical activity intervention program shows some beneficial impact on
both physical health and behaviour in women from disadvantaged backgrounds and in addition paved way to
increasing resilience during the pandemic. Building on existing CBPR programs may be an effective means to
enhance community resilience in disadvantaged neighbourhoods even during an ongoing pandemic. Considering
the dual burden of the two pandemics and its association to chronic diseases future efforts should target build-
ing on existing participatory programs to enhance pandemic preparedness and preserve health among citizens
living in disadvantaged neighbourhoods and thereby contribute to efforts towards reducing health disparities.

Data availability
The datasets used and analysed during the current study are available from the corresponding author on reason-
able request.

Received: 13 June 2023; Accepted: 17 October 2023
Published online: 20 October 2023

References
1. Filgueira, T. O. et al. The relevance of a physical active lifestyle and physical fitness on immune defense: Mitigating disease burden,
with focus on COVID-19 consequences. Front. Immunol. 12, 150 (2021).
2. Cerasola, D., Argano, C. & Corrao, S. Lessons from COVID-19: Physical exercise can improve and optimize health status. Front.
Med. 9, 844 (2022).
3. Jiménez-Pavon, D., Carbonell-Baeza, A. & Lavie, C. J. Physical exercise as therapy to fight against the mental and physical conse-
quences of COVID-19 quarantine: Special focus in older people. Prog. Cardiovasc. Dis. 63(3), 386 (2020).

Scientific Reports |

(2023) 13:17972 | https://doi.org/10.1038/s41598-023-45239-4 nature portfolio



www.nature.com/scientificreports/

4. Clemente-Sudrez, V.]. et al. Physical activity and COVID-19 The basis for an efficient intervention in times of COVID-19 pandemic.
Physiol. Behav. 244, 113667 (2022).
5. De Sousa, R. A. L. et al. Physical exercise effects on the brain during COVID-19 pandemic: Links between mental and cardiovas-
cular health. Neurol. Sci. 42(4), 1325-1334 (2021).
6. World Health Organisation. Global Recommendations on Physical Activity for Health (World Health Organisation, 2010).
7. Kohl, H. W. 3rd. et al. The pandemic of physical inactivity: Global action for public health. The Lancet 380(9838), 294-305 (2012).
8. Patriksson, G. & Persson, C. Physical Literacy Among Inactive Swedish Young People. An Interview Study of a Neglected Group in
Sport Science Research (University of Gothenburg, Department of Food and Nutrition, and Sport Science, 2013).
9. World Health Organisation. Physical Activity Factsheets for the 28 European Union Member States of the Who European Region
(WHO Regional Office for Europe Copenhagen, 2018).
10. Lindstrém, M., Hanson, B. S. & Ostergren, P.-O. Socioeconomic differences in leisure-time physical activity: The role of social
participation and social capital in shaping health related behaviour. Soc. Sci. Med. 52(3), 441-451 (2001).
11. White, J. S. et al. Long-term effects of neighbourhood deprivation on diabetes risk: Quasi-experimental evidence from a refugee
dispersal policy in Sweden. Lancet Diabetes Endocrinol. 4(6), 517-524 (2016).
12. Sodergren, M. et al. Physical activity, exercise and self-rated health: A population-based study from Sweden. BMC Public Health
8,352 (2008).
13. Sodergren, M. et al. Associations between health-enhancing physical activity and country of birth among women. J. Phys. Act.
Health 7(5), 613621 (2010).
14. Lindgren, J. et al. Mental ill health among asylum seekers and other immigrants in Sweden. Int. J. Migrat. Health Soc. Care 8, 167
(2012).
15. Getrez, O. A. et al. A public mental health study among Iraqi refugees in Sweden: Social determinants, resilience, gender, and
cultural context. Front. Sociol. 6, 551105 (2021).
16. Szilcz, M. et al. Time trends in absolute and relative socioeconomic inequalities in leisure time physical inactivity in northern
Sweden. Scand. J. Public Health 46(1), 112-123 (2018).
17. Waller, M. et al. Socioeconomic disparities in physical activity among Swedish women and trends over time—The population
study of women in Gothenburg. Scand. J. Prim. Health Care 36(4), 363-371 (2018).
18. Cooper, L. A., Hill, M. N. & Powe, N. R. Designing and evaluating interventions to eliminate racial and ethnic disparities in health
care. J. Gen. Intern. Med. 17(6), 477-486 (2002).
19. Donnelly, T. T. et al. Arab female and male perceptions of factors facilitating and inhibiting their physical activity: Findings from
a qualitative study in the Middle East. PLoS ONE 13(7), €0199336 (2018).
20. Aljayyousi, G. E et al. Addressing context to understand physical activity among Muslim university students: The role of gender,
family, and culture. BMC Public Health 19(1), 1452 (2019).
21. Lindstrém, M. & Sundquist, ]. Immigration and leisure-time physical inactivity: A population-based study. Ethn. Health 6(2),
77-85 (2001).
22. Salvador, E. P. et al. Interventions for physical activity promotion applied to the primary healthcare settings for people living in
regions of low socioeconomic level: Study protocol for a non-randomized controlled trial. Arch. Public Health 72(1), 8 (2014).
23. Hall, G. et al. A tale of two pandemics: How will COVID-19 and global trends in physical inactivity and sedentary behavior affect
one another?. Prog. Cardiovasc. Dis. 64, 108-110 (2021).
24. Tison, G. H. et al. Worldwide effect of COVID-19 on physical activity: A descriptive study. Ann. Intern. Med. 173(9), 767-770
(2020).
25. Blom, V. et al. Lifestyle habits and mental health in light of the two COVID-19 pandemic waves in Sweden, 2020. Int. J. Environ.
Res. Public Health 18(6), 3313 (2021).
26. Novak, J. M. et al. Engaging communities in emergency risk and crisis communication: A systematic review and evidence synthesis.
J. Int. Crisis Risk Commun. Res. 2(1), 61-96 (2019).
27. Gibbs, L. et al. Ethical use and impact of participatory approaches to research in post-disaster environments: An Australian bushfire
case study. BioMed Res. Int. 2018, 1 (2018).
28. Hall, J., Gaved, M. & Sargent, J. Participatory research approaches in times of Covid-19: A narrative literature review. Int. J. Qual.
Methods 20, 16094069211010088 (2021).
29. Andermann, A. Taking action on the social determinants of health in clinical practice: A framework for health professionals. CMAJ
188(17-18), E474-E483 (2016).
30. Wallerstein, N. B. & Duran, B. Using community-based participatory research to address health disparities. Health Promot. Pract.
7(3), 312-323 (2006).
31. Wieland, M. L. et al. Physical activity and nutrition among immigrant and refugee women: A community-based participatory
research approach. Women’s Health Issues 22(2), e225-€232 (2012).
32. Bogart, L. M. & Uyeda, K. Community-based participatory research: Partnering with communities for effective and sustainable
behavioral health interventions. Health Psychol. 28(4), 391-393 (2009).
33. Parra-Cardona, R., Beverly, H. K. & Lopez-Zer6n, G. Community-based participatory research (CBPR) for underserved popula-
tions. In The Handbook of Systemic Family Therapy (eds Wampler, K. S. & McWey, L. M.) 491-511 (Wiley, 2020).
34. Nguyen, A. L. et al. Leaning on community-based participatory research to respond during COVID-19. AIDS Behav. 24, 2773-2775
(2020).
35. Brewer, L. C. et al. Emergency preparedness and risk communication among African American churches: Leveraging a community-
based participatory research partnership COVID-19 Initiative. Prev. Chronic Dis. 17, E158 (2020).
36. Henry Akintobi, T. et al. Community engagement of African Americans in the era of COVID-19: Considerations, challenges,
implications, and recommendations for public health. Prev. Chronic Dis. 17, E83 (2020).
37. Oetzel, J. G. et al. Exploring theoretical mechanisms of community-engaged research: A multilevel cross-sectional national study
of structural and relational practices in community-academic partnerships. Int. J. Equity Health 21(1), 59 (2022).
38. Minkler, M. Community-based research partnerships: Challenges and opportunities. J. Urban Health 82(2 Suppl 2), 3-12 (2005).
39. Israel, B. et al. Challenges and facilitating factors in sustaining community-based participatory research partnerships: Lessons
learned from the Detroit, New York City and Seattle Urban Research Centers. J. Urban Health Bull. N. Y. Acad. Med. 83, 1022-1040
(2006).
40. Windsor, L. C. et al. Enhancing behavioral intervention science: Using community-based participatory research principles with
the multiphase optimization strategy. Transl. Behav. Med. 11(8), 1596-1605 (2021).
41. Avery, H., Sjogren Forss, K. & Rimgérd, M. Empowering Communities with Health Promotion Labs: Result from a CBPR Programme
in Malmd, Sweden (Health Promotion International, 2021).
42. Freire, P. To the coordinator of a" cultural circle". Convergence 4(1), 61 (1971).
43. Millert, N. & Jungk, R. Future Workshops: How to Create Desirable Futures (Institute for Social Inventions, 1987).
44. Wallerstein, N. et al. Community-Based Participatory Research for Health: Advancing Social and Health Equity (Wiley, 2017).
45. Ramji, R. et al. Development and evaluation of a physical activity intervention informed by participatory research—A feasibility
study. BMC Public Health 20(1), 112 (2020).
46. O’Mara-Eves, A. et al. Community engagement to reduce inequalities in health: A systematic review, meta-analysis and economic
analysis. Public Health Res. 1, 4 (2013).
Scientific Reports |  (2023) 13:17972 | https://doi.org/10.1038/s41598-023-45239-4 nature portfolio



www.nature.com/scientificreports/

47.

48.
49.

50.

Israel, B. A, et al. Introduction to methods for CBPR for health. In Methods for Community-Based Participatory Research for Health
3-38(2013).

Minkler, M. & Wallerstein, N. Community-Based Participatory Research for Health: From Process to Outcomes (Wiley, 2011).
Herbert-Maul, A. et al. Transferring a community-based participatory research project to promote physical activity among socially
disadvantaged women—Experiences from 15 years of BIG. Front. Public Health 1, 546 (2020).

Bammann, K. et al. Promoting physical activity among older adults using community-based participatory research with an adapted
PRECEDE-PROCEED model approach: The AEQUIPA/OUTDOOR ACTIVE project. Am. J. Health Promot. 35(3), 409-420
(2021).

51. Kegler, M. C. et al. Results from an intervention to improve rural home food and physical activity environments. Prog. Community
Health Partnersh. 6(3), 265-277 (2012).

52. Robles, M. C. et al. A physical activity just-in-time adaptive intervention designed in partnership with a predominantly black
community: Virtual, community-based participatory design approach. JMIR Form. Res. 6(3), 33087 (2022).

53. Wieland, M. L. et al. Pilot social network weight loss intervention with two immigrant populations during the COVID-19 pan-
demic. Am. J. Health Promot. 36(3), 458-471 (2022).

54. Hallin, P. O. Utsatta omrdden -sociala risker, kollektiv formdga och oonskade hindelser (Nationella operativa avdelningen, Under-
rittelseenheten, 2015).

55. Springett, J. Impact in participatory health research: What can we learn from research on participatory evaluation?. Educ. Act. Res.
25(4), 560-574 (2017).

56. Ramji, R. et al. Impact of a CBPR-informed physical activity intervention before and during COVID-19 among women from a
disadvantaged neighborhood in Sweden. Front. Public Health 10, 997329 (2022).

57. Ramyji, R. et al. Development and evaluation of a physical activity intervention informed by participatory research—A feasibility
study. BMC Public Health 20(1), 1-14 (2020).

58. Marks, B., Sisirak, J. & Chang, Y. C. Efficacy of the HealthMatters program train-the-trainer model. J. Appl. Res. Intellect. Disabil.
26(4), 319-334 (2013).

59. Orfaly, R. A. et al. Train-the-trainer as an educational model in public health preparedness. J. Public Health Manag. Pract. 11(6),
S123-S127 (2005).

60. Ramji, R. et al. Development and evaluation of a physical activity intervention informed by participatory research-a feasibility
study. BMC Public Health 20(1), 112 (2020).

61. THE WHOQOL GROUP. Development of the World Health Organization WHOQOL-BREF quality of life assessment. Psychol.
Med. 28(3), 551-558 (1998).

62. Ohaeri, J. U. & Awadalla, A. W. The reliability and validity of the short version of the WHO quality of life instrument in an Arab
general population. Ann. Saudi Med. 29(2), 98-104 (2009).

63. Ramyji, R., Rémgard, M. & Kottorp, A. Psychometric properties of the WHOQOL-BREF in citizens from a disadvantaged neighbor-
hood in Southern Sweden. Front. Psychol. 14, 1118575 (2023).

64. Ariffin, S. R. et al. Validity and reliability multiple intelligent item using rasch measurement model. Procedia Soc. Behav. Sci. 9,
729-733 (2010).

65. Mohaffyza, M. et al. Measuring the validity and reliability of research instruments. Procedia Soc. Behav. Sci. 204, 164-171 (2015).

66. Folkhalsoinstitut, S. Nationella folkhdlsoenkditen-Hdlsa pd lika villkor (2012).

67. Sjogren Forss, K. et al. Physical activity in relation to wellbeing among newly arrived refugees in Sweden: A quantitative study.
Front. Public Health 8, 532883 (2020).

68. Benavoli, A., Corani, G. & Mangili, E Should we really use post-hoc tests based on mean-ranks?. J. Mach. Learn. Res. 17(1), 152-161
(2016).

69. Woolson, R. Wilcoxon signed-rank test. Wiley Encycl. Clin. Trials 1, 1-3 (2007).

70. Cohen, J. Statistical Power Analysis for the Behavioral Sciences (Academic Press, 2013).

71. Stockwell, S. et al. Changes in physical activity and sedentary behaviours from before to during the COVID-19 pandemic lockdown:
A systematic review. BMJ Open Sport Exerc. Med. 7(1), e000960 (2021).

72. Persson, G. et al. Somali women’s view of physical activity—A focus group study. BMC Women’s Health 14(1), 129 (2014).

73. Rosas, L. G. et al. Evaluation of a culturally-adapted lifestyle intervention to treat elevated cardiometabolic risk of Latino adults
in primary care (Vida Sana): A randomized controlled trial. Contemp. Clin. Trials 48, 30-40 (2016).

74. Visscher, B. B. et al. Evidence on the effectiveness of health literacy interventions in the EU: A systematic review. BMC Public
Health 18(1), 1414 (2018).

75. Tengland, P. A. Empowerment: A goal or a means for health promotion?. Med. Health Care Philos. 10(2), 197-207 (2007).

76. Drefahl, S. et al. A population-based cohort study of socio-demographic risk factors for COVID-19 deaths in Sweden. Nat. Com-
mun. 11(1), 1-7 (2020).

77. Sigurjonsdoéttir, H. R., Sigvardsson, D. & Oliveira e Costa, S. Who is Left Behind? The Impact of Place on the Possibility to Follow
Covid-19 Restrictions (Nordic Council of Ministers, 2021).

78. De Ridder, D. et al. Socioeconomically disadvantaged neighborhoods face increased persistence of SARS-CoV-2 clusters. Front.
Public Health 8, 1091 (2021).

79. Wulff, K., Donato, D. & Lurie, N. What is health resilience and how can we build it?. Annu. Rev. Public Health 36(1), 361-374
(2015).

80. Boland, S. E. et al. Crisis-resilient and antiracist approaches to community-based participatory research during COVID-19 and
beyond. Health Educ. Behav. 49(1), 11-16 (2022).

81. Legh-Jones, H. & Moore, S. Network social capital, social participation, and physical inactivity in an urban adult population. Soc.
Sci. Med. 74(9), 1362-1367 (2012).

82. Chen, W.-L. et al. The impact of social capital on physical activity and nutrition in China: The mediating effect of health literacy.
BMC Public Health 19(1), 1713 (2019).

83. Nutbeam, D. O. N. Evaluating health promotion—Progress, problems and solutions. Health Promot. Int. 13(1), 27-44 (1998).

84. Judd, J., Frankish, C. ]. & Moulton, G. Setting standards in the evaluation of community-based health promotion programmes—A
unifying approach. Health Promot. Int. 16(4), 367-380 (2001).

85. Ramyji, R., Carlson, E., Kottorp, A. & Ramgard, M. Impact of a CBPR-informed physical activity intervention before and during
COVID-19 among women from a disadvantaged neighbourhood in Sweden. Front. Public Health 10, 997329 (2022).

Acknowledgements

The authors would like to thank the women from the community for participating in this study. The authors
would like to extend their deep gratitude to the lay health promoters Iftikhar Ali, Noha Aldahdouli and Hoda
Abbas for their support in coordinating the data collection for this study. We would also like to thank Jorgen
Andersson from the Malmé municipality (Malmo Stad) for offering the municipality premises he manages for
conducting activities and supporting the research team with practical matters.

Scientific Reports |

(2023) 13:17972 | https://doi.org/10.1038/s41598-023-45239-4 nature portfolio



www.nature.com/scientificreports/

Author contributions

All authors including A.K., M.R,, R.R,, E.C., 8.5, S.C. and E.A. participated in the design of the study. R.R. and
M.R. performed the study apart from biomedical tests, which were performed by E.A. and S.C. using a biomedical
testbed developed by S.S. R.R. and A K. analyzed the data. R.R. wrote the first version of the manuscript under the
guidance of A.K., M.R. and E.C. All authors revised, read and approved the final version of the manuscript. The
authors declare no personal, financial or other conflicts nor had any competing interest.

Fundin

Open accgss funding provided by Malmé University. The study was part of a larger program financed by VIN-
NOVA (DNR 2016-00421, 2017-01272). The VINNOVA funding was primarily towards the establishment of
a health promotion platform and did not support research (as that presented in the current study) conducted
within this platform. The biomedical assessment part was financially supported by Malmo University, viz. Mul-
tiSens platform (FO 4.3-218/408) and two COVID-19 projects (FO 2020/299).

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to R.R.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Scientific Reports |

(2023) 13:17972 | https://doi.org/10.1038/s41598-023-45239-4 nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Health and quality of life among women after participation in a CBPR-informed physical activity intervention: with a pandemic perspective
	Equal health programme
	Methods
	Context
	Study design
	Participants
	CBPR physical activity intervention
	Development
	Feasibility test
	Implementation of intervention

	Assessments
	Quality of life and behavioural health surveys
	Biomedical assessments

	Statistical analysis
	Ethical considerations
	Ethics and consent

	Results
	Health related quality of life
	Behavioural factors
	Biomedical assessments

	Discussion
	Limitations
	Conclusion
	References
	Acknowledgements


