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Abstract
Background: The objective of this study was to determine whether physical activity can be used in the
prevention and management of multimorbidity.

Methods: A systematic review was carried out using Pubmed, Web of Science, EMBASE, and Scopus
databases to find experimental and prospective cohort studies that investigated the relationship between
physical activity and prevention and management of multimorbidity. Participants consisted of general
population, non-institutionalised adults aged 18 or more. Screening, data extraction, and risk of bias
assessment were conducted by two independent reviewers.

Results: From a total of 1,724 studies identified, eight prospective cohort studies and one randomised
control trial were included in the analysis. Four out of nine studies found evidence that higher levels of
physical activity reduced the risk of multimorbidity. Three of four studies found evidence that physical
activity reduces the risk of developing or worsening multimorbidity within subgroups with chronic
conditions at the baseline.

Conclusion: The current evidence base indicates that it is unclear whether healthy individuals are more
likely to develop multimorbidity if they are less physically active. However, it seems more likely for people
to develop or worsen multimorbidity when they have one or any number of conditions at baseline if they
are less physically active.

Introduction
Multimorbidity—the co-occurrence of two or more chronic illnesses in the same individual1—affects 95%
of the population aged 65 and over; however, it does not exclusively affect the elderly.2 For instance, over
50 million people in Europe live with multimorbidity.2 Individuals who have a combination of chronic
diseases are more likely to have lower quality of life, have more frequent hospital stays, and die
prematurely.1,3 Multimorbidity also has a knock-on effect on an individual’s mental wellbeing as it can
lead to depression due to lack of physical functioning.4 Additionally, evidence suggests certain disease
combinations increase the risk for certain health outcomes.4 For instance, people with combinations of
congestive heart failure, diabetes, and chronic respiratory disease are more likely to have significant
decline in functioning over four years.5

For health and social care systems, the costs of treating patients with multimorbidity is unsustainable
and will have a negative impact in the quality of care on patients if new approaches are not considered.1,3

Patients with multimorbidity are more likely to be hospitalized for longer periods of time and the risk of
excessive use of healthcare resources is much higher.2

For many of the diseases contributing to multimorbidity, individual guidelines on prevention and
management already exist. However, many of the issues faced by patients living with multimorbidity are
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not in the individual requirements of each disease, but rather in the interplay of the diseases. Prevention
and management of multimorbidity, therefore, is difficult and requires a patient-centred model, focusing
on multidisciplinary, integrated and coordinated care.2

Literature has vastly investigated the effects that physical activity has on preventing single chronic
diseases, in improving quality of life of individuals, and preventing rapid progression of these diseases.
However, only recently has literature begun to explore whether physical activity can have a role in
multimorbidity prevention and management. One of the limitations of this knowledge lay in that there is
not a systematic compilation of the literature to support the specific relationship between physical
activity and multimorbidity, but rather on individual chronic diseases, which has been applied to
multimorbidity. As multimorbidity is a growing area of public health concern, there is a requirement for in
depth studies to determine whether physical activity can have a role in its prevention and management.
Therefore, the aim of this study was to systematically review the existing longitudinal studies on the
relationship between physical activity and multimorbidity prevention and management.

Methods
We conducted a systematic review of experimental and prospective cohort studies that investigated the
relationship between physical activity practice (exposure) and incidence or management of
multimorbidity (outcome). We included studies of general population, non-institutionalised adults aged
18 or more. Participants could either be healthy or already have chronic conditions at the beginning of the
studies. No minimum intervention or follow-up period was considered. We excluded all studies with
patients in health care settings (Table 1).

Physical activity could be in the domains of leisure, transport, household, and work, either alone or in
combination. We did not restrict by type of instrument (self-report or device-based) or parameter of
physical activity measured (e.g., weekly duration, frequency, or volume).

The outcome of this study was the occurrence of two or more chronic conditions (prevention) or the
increment in the number of chronic conditions (management) at follow-up. This outcome was based on
individuals who had no chronic conditions at baseline (prevention) and those with one or multiple chronic
conditions at baseline (management). Multimorbidity was defined as per the studies and included
various chronic conditions as those contributing to multimorbidity.
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Table 1. Inclusion and exclusion criteria according to population, exposure, comparator, outcomes,
and study design of interest.

INCLUSION CRITERIA EXCLUSION CRITERIA

Population

·   Human adults aged 18 years or more

·   Either healthy individuals (multimorbidity prevention) or
individuals with chronic conditions (multimorbidity
management)

·   Institutionalised adults (including
in health care settings)

Exposure

·   Physical activity practice at any level

·   Occupational and/or non-occupational physical activity

·   Self-reported or device-based measures

·   Physical activity combined with
other exposures

Comparators

·   No physical activity or lower levels of physical activity  

Outcomes

·   Multimorbidity, as defined by studies  

Study design

·   Experimental studies or prospective cohorts ·   Cross-sectional analysis of
experimental studies or prospective
cohorts

2.1 Search strategy and sources
A search for peer-reviewed academic papers was performed using Pubmed, Scopus, Web of Science, and
EMBASE and the searches included studies from the inception of each database to 4 December 2019.
The search string used in each database can be found in the Additional File 1. The same terms were used
in all the database searches and no language restrictions were applied. All the results from the database
search were handled in the reference manager EndNote and all duplicates that could be found were
removed. The articles were then uploaded to Covidence for the screening and selection process.

Two reviewers (DH, LG) independently screened titles and abstracts of all papers and then the full texts of
the included articles. Conflicts were resolved via consensus in both stages. Reasons for exclusion during
the full-text screening stage were provided according to the PECOS table (Table 1).

2.2 Data extraction
Two reviewers (DH, DM) independently extracted from each of the selected articles: author, publication
year, study design, cohort/study name, country, sex and age range of participants, definition of
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multimorbidity used, physical activity measurement method or intervention protocol, physical activity
domains, number of participants and cases of multimorbidity per physical activity category, and risk
estimates. Conflicts were resolved via consensus.

2.3 Risk of bias assessment
Two reviewers (DH, DM) independently assessed the risk of bias of the selected papers. The Newcastle-
Ottawa Quality Assessment Scale for Cohort Studies6 and the US National Heart, Lung, and Blood
Institute’s Scale for Controlled Intervention Studies7 were used to evaluate the quality of prospective
cohorts and experimental studies, respectively. Conflicts between reviewers were resolved via consensus.

Results
The overall number of studies that were identified as potentially relevant from the database searches was
1,724, of which 857 were duplicates and 867 progressed to title and abstract screening. A total of 82
articles were retrieved for full-text screening. Nine papers8–16 were selected to be part of this review
(Fig. 1).

Table S1 (Additional file 2) presents the main characteristics and findings of the nine selected papers.
The first study was published in 2015 and the remaining ones were published between 2017 and 2019.
One of the studies was a randomised control trial and the others were prospective cohorts. The articles
included were all in English and were conducted in Canada, Scotland, England, Ireland, Finland, and
Australia.

The participants in most of the articles were middle-aged. Four included participants who were aged 50
and above,11–14 one involved participants aged 45–50,16 and one had participants aged 60–77.10 Three
availed of data from both young and middle-aged adults, with age ranges of 18–75, 20–69 and 25–
64.8,9,15 One study only reported results for women16 and another provided separate results for men and
women with different baseline chronic conditions,15 whereas the rest of the studies included combined
results for both men and women.

All eight cohort studies8,9,11−16 availed of self-reported methods to collect data on the level of physical
activity of participants. Follow-up length ranged from 10 to 32 years, except for one study with a 2-year
follow-up.12

One study was a randomised control trial.10 The intervention group received an intensive multidomain
intervention for two years. For the physical activity aspect, participants in the intervention group received
training that was guided by physical therapists using individually tailored programs. They used a
modified version of the Dose Response to Exercise Training (DR EXTRA) study protocol. Participants
received muscle strength training 1–3 times per week, aerobic exercise 2–5 times per week and posture
improving exercises 1–3 times per week, as well as receiving nutritional guidance and cognitive training.
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However, the control group received regular general health advice. The groups were allocated randomly
using computer-generated allocation.

Some of the studies provided evidence on subgroups of those with multimorbidity depending on baseline
characteristics, such as the number of conditions at baseline,10–12 or the type of condition participants
had been diagnosed prior to study.15 The number and type of chronic conditions included varied between
studies. Some of the studies chose to limit the number of conditions or groups of conditions that were
included, whereas one study had up to 40 conditions. Illnesses were measured by self-reporting the
conditions through questionnaires or through data retrieved from medical records.

3.1 Risk of bias assessment
The eight prospective cohort studies were assessed using the Newcastle-Ottawa Quality Assessment
Scale for Cohort Studies6 (Additional File 3, Table S2). Three studies8,9,13 scored six, three11,12,16 scored
seven, and two14,15 scored eight out of nine points. The majority of the studies failed to have a follow-up
rate of at least 80%, with just three of the eight studies achieving that.

The randomised control trial10 was assessed using the US National Heart, Lung, and Blood Institute’s
Scale for Controlled Intervention Studies,7 and scored 12 out of 14 points, with little risk of bias
(Additional File 3, Table S3).

3.2 Relationship between physical activity and
multimorbidity prevention and management
All nine studies reported results of incident multimorbidity for healthy participants at baseline (11–19).8–

16 No evidence of relationship between physical activity and multimorbidity was observed in five of these
studies;8–10, 12,16 however, other four found an increase in risk of multimorbidity among those less
physically active.11,13−15 In the study by Singer et al.,13 the risk of incident multimorbidity from doing
moderate physical activity compared with vigorous physical activity was 1.22 (95% confidence interval
(CI): 1.16–1.28), increasing to 1.57 (95% CI: 1.46–1.68) and 1.60 (95% CI: 1.45–1.76) for those doing
mild or no physical activity, respectively. In the study by Singh-Manoux et al.,14 participants who engaged
in less than 2.5 hours/week of moderate or vigorous physical activity were more likely to have
multimorbidity at follow-up than those above the threshold (1.21, 95% CI: 1.01–1.45). In the study by
Mounce et al.,11 those in the low/sedentary category were more likely to have multimorbidity at follow-up
than those who were highly active (1.43, 95% CI: 1.02–2.00). Wikström et al.15 found that me initially
disease-free and who took part in low levels of physical activity at baseline were more likely to have
multimorbidity at follow-up than those who were highly active (1.34, 95% CI: 1.03–1.73), as were women
(1.62, 95% CI: 1.14–2.30).

Additionally, four studies investigated the risk of developing or worsening multimorbidity within
subgroups with chronic conditions at the baseline.10–12, 15 In the randomised control trial conducted by
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Marengoni et al.,10 participants in the intervention group who had one or more chronic diseases at
baseline had a lower risk of developing or worsening multimorbidity at follow-up compared to the control
group (0.80, 95% CI: 0.64–0.99). In the study by Mounce et al.,11 those with any number of chronic
conditions at baseline who were in the low/sedentary category were more likely to developing or
worsening multimorbidity at follow-up than those in who were highly active (1.19, 95% CI: 1.06–1.35).
Wikström et al.15 found that men with diabetes at baseline and who took part in low levels of physical
activity had greater risk of multimorbidity in comparison to those that reported high levels of physical
activity (1.80, 95% CI: 1.29–2.53). However, they did not find evidence of association among women with
diabetes and men and women with cardiovascular diseases at baseline. One other study did not find
evidence of developing or worsening multimorbidity according to physical activity behaviour or people
with chronic conditions at baseline.12

Discussion
The findings of this systematic review suggest that the effectiveness of physical activity in preventing the
onset of multimorbidity is still unclear, as is its role in the management of multimorbidity. The conflicting
results that were apparent from the systematic review and from previous literature would suggest that it
remains difficult to distinguish whether physical activity on its own can act as an effective intervention
for preventing and managing multimorbidity. However, it is possible that individuals may be more likely to
develop multimorbidity if they are less physically active, particularly if they are in the sedentary/low level
category. It seems more likely for participants to develop or worsen multimorbidity when they have one or
any number of conditions at baseline if they are in the low physical activity level category than if they are
in the high/vigorous physical activity level category.

Other studies investigating the relationship between physical activity and multimorbidity have suggested
that, due to the nature of some of the conditions associated with multimorbidity and their symptoms,
engagement in regular physical activity can be reduced. Dankel et al.17 found that individuals with
multimorbidity are less likely to engage in muscle-strengthening activities and physical activity in general
because of their diseased state. A reason for this can be seen in the study by Dörenkamp et al.,18 who
found that individuals with multiple different conditions, including chronic respiratory disease, lower back
pain, inflammatory joint disease, among others, experienced high levels of pain which, therefore, decrease
their functional ability and thereby interfere with participation in adequate physical activity levels. Ryan et
al.19 also report that multimorbidity can result in future functional decline, therefore individuals with
poorer physical function may be less inclined or able to participate in physical activity.

Furthermore, our results might indicate that physical activity on its own may not be a major factor in
multimorbidity prevention and management, but rather should be combined with other health behaviour-
related factors such as better diet, lower body mass index, low alcohol consumption, etc. This is
supported in the study by Fortin et al.,20 who found that an accumulation of unhealthy lifestyle factors
was likely to increase multimorbidity.
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It is important to note that providing preventive and treatment services to individuals with multimorbidity
requires a patient and disease-combination specific approach rather than a one-size-fits-all model.
Pearson-Stuttard et al.21 recommend that the best way to approach multimorbidity requires interventions
at individual and populations levels in conjunction with healthcare, public health, and social-care policies.
Barnett et al.22 state that clinical evidence and guidelines are largely created for individual diseases and
suggest that trials using more representative populations are needed to add to existing evidence. Both
these recommendations would likely lead to accelerated progress within the clinical setting at improving
the prevention and treatment services, therefore improving the level of care provided and increasing
quality of life of individuals.

4.1 Strengths and limitations
One of the main limitations of the study was in measuring multimorbidity, due to a lack of a uniform
number and types of chronic conditions across studies. Some of the studies included in the review used a
smaller number of conditions or used domains of conditions to assess multimorbidity, whereas other
studies used a larger variety of conditions. This was largely down to the authors of the studies tailoring
the measure of multimorbidity to match the focus of the study. The importance of publishing a list of
conditions that contribute to multimorbidity is highlighted by Stewart et al.23 The UK National Institute for
Health and Care Excellence’s guidelines provide a list of domains that cover a variety of physical and
mental health conditions, ongoing conditions such as learning disabilities and sensory impairments, and
more.24 However, this is an overview of an extensive list of conditions and does not provide a clear focus
on the types of conditions that should be considered as contributing to multimorbidity. This too suggests
that measuring multimorbidity is study specific. The issue that arises with non-uniform definition and
measurement is that the prevalence of multimorbidity may be over- or under-estimated. Also, the
relevance of physical activity in the prevention and management of individual chronic conditions used to
define multimorbidity across studies varies. Therefore, the results of the studies may be affected.23,25

These sources of heterogeneity also preclude a meaningful meta-analysis of the evidence available so
far.

Another limitation in this study was the way physical activity was measured and recorded. All studies
included in the review used different self-reported methods to ascertain the levels of physical activity,
affecting the reliability of the physical activity measures and raising issues for comparing the studies in
the review. Moreover, older adults—the target group of many of the selected studies—tend to over-report
their physical activity, and vigorous activities are likely to be recalled more accurately than non-vigorous
activities.26

Strengths of the systematic review lie largely in the protocol that was followed, reducing bias when
carrying out the stages of the review, such as running the searches, using multiple databases as sources,
and two independent reviewers in all stages. A comprehensive list of search terms was used which
enabled us to find of a vast amount of relevant literature. All studies included in the review had relatively
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large sample size and none had high risk of biases. Finally, this study relied only on longitudinal designs,
mitigating at least some of potential reverse causality issues.

Conclusion
There has been conflicting evidence on the sole use of physical activity for the prevention and
management of multimorbidity. However, potential benefits cannot be ruled out based on the evidence
currently available. As a growing area of public health concern, it requires further in-depth studies,
including well-designed trials, into whether physical activity and its multitude of both short- and long-term
health benefits could have a significant positive role to play. Including more individuals with
multimorbidity in relevant clinical trials may also lead to further discoveries of the benefits of physical
activity on the management of multiple chronic conditions.
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Figure 1

Search and selection process.
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