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Multimorbidity is the most common chronic health condition in adults and is associated with poor health out-
comes. Optimal care for people with multimorbidity requires a person-centred approach that considers goals
and preferences, improves quality of life and coordinates care across services. Because care is focused on patient
outcomes, rather than disease outcomes, this provides an ideal setting for delivery of the Healthy Living Polypill
(HLPP). Precision in delivery of the HLPP for people with multimorbidity involves active participation of patients
in goal setting, strategies to address functional limitations and frailty, and support to develop the self-
management skills necessary to adopt and sustain healthy behaviours. Themultidisciplinary team is a key feature
of integrated care for peoplewithmultimorbidity and allmembers should have the necessary skills to deliver the
HLPP. Integration and continuity across health and social care sectors enhances outcomes and increases oppor-
tunities for personalised delivery of the HLPP.
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Multimorbidity, the co-existence of two or more chronic conditions,
is the most common chronic health condition in adults, affecting N50%
of older adults and 70% of Medicare beneficiaries.1 Multimorbidity is
present in 77% of those with cardiovascular disease (CVD), 90% of peo-
ple with chronic obstructive pulmonary disease (COPD), 82% of those
tive pulmonary disease; CVD,
living medicine; HLPP, Healthy
Care Excellence; PA, physical
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with cancer, 80% of stroke survivors, 79% with arthritis, and 80% of
those with Parkinson's disease.2,3 People with multimorbidity are 3.5
times more likely to have problems with activities of daily living and 6
timesmore likely to have physical function limitations than thosewith-
out chronic diseases, after adjusting for socioeconomic status and
depression.4 The costs of health are 2.5 times higher than those with a
single chronic disease.5 People with multimorbidity have worse quality
of life, increased general practice visits and hospitalisations, higher rates
of polypharmacy and adverse drug events, and greater mortality than
their peers with a single disease.6

The adverse impacts of multimorbidity vary with the number of co-
existing conditions and the pattern of multimorbidity. When compared
to people without multimorbidity the hazard ratio for death in people
with two or more chronic conditions is 1.73 (95% confidence interval

http://crossmark.crossref.org/dialog/?doi=10.1016/j.pcad.2018.12.010&domain=pdf
https://doi.org/10.1016/j.pcad.2018.12.010
Journal logo
https://doi.org/10.1016/j.pcad.2018.12.010
Unlabelled image
http://www.sciencedirect.com/science/journal/00330620
www.onlinepcd.com


30 A.E. Holland, A.L. Lee / Progress in Cardiovascular Diseases 62 (2019) 29–33
(CI) 1.41 to 2.13), rising to 2.72 (1.81 to 4.08) for thosewith three ormore
chronic conditions.7 The risk of reduced functional independence is higher
in those whosemultimorbidity includes the combination of bone diseases
and chronic pain, or CVD and metabolic disease.8 Because it is ubiquitous
and costly, multimorbidity is increasingly recognised as a critical health
challenge for patients, health care providers and policy makers.

Why theHealthy Living (HL) Polypill (HLPP)matters inmultimorbidity

The prevalence of multimorbidity is increasing, with only about half
of this increase attributable to population ageing.9 This suggests that
other factors, including health behaviours and societal organisation,
may play a role.

(HL) Medicine (HLM) emphasises: 1) Moving more and sitting less;
2) consuming a healthy diet at the appropriate caloric load; 3)maintain-
ing a healthy bodyweight; and 4) not smoking.10 There is consistent ev-
idence linking multimorbidity to the targets of the HLPP - low physical
activity (PA), poor diet, obesity and smoking. Some examples of this lit-
erature and the corresponding risks are in Table 1. In a study of over
120,000 people followed for over 10 years, incident cardiometabolic
multimorbidity (developing at least two of type 2 diabetes, coronary
heart disease and stroke) was twice as likely in those who were over-
weight, almost five times more likely in those who were obese and
N14 times more likely in those with severe obesity.11 Often lifestyle
risk factors do not exist in isolation from each other. Compared to hav-
ing no risk factors, having two or more unhealthy behaviours has been
shown to increase the risk of multimorbidity by 42–166%.12 Other au-
thors reported that three or more risk factors almost doubled the odds
of developing multimorbidity (odds ratio 1.91, 95% CI 1.57–2.33). Spe-
cific combinations may be particularly harmful; for instance, low PA
and obesity increased the risk ofmultimorbidity by 187% (adjusted haz-
ard ratio 2.87, 95% CI 1.55 to 5.3).12 Importantly, these risk factors may
bemodifiable with personalised application of the HLPP, which empha-
sises moving more and sitting less, consuming a healthy diet at the ap-
propriate caloric load, maintaining a healthy body weight, and not
smoking.10 As a result, the HLPP could have a critical role in both pre-
vention and ongoing management of multimorbidity.

Socioeconomic disadvantage has a strong and consistent relation-
ship to multimorbidity. For instance Canadians in the lowest
Table 1
Impact of lifestyle factors on risk of multimorbidity.

Risk factor Author n Definition

Physical inactivity Roberts 201513

Wikstrom 201545

Dhalwani 201712

Keats 201746

105,416
663
586
5476
18,709

No leisure
No leisure
No leisure
Hardly ev
b600 MET

Inadequate diet Roberts 201513

Wikstrom 201545

Dhalwani 201712

Katkireddi 201714

105,416
663
586
2902
2574
4510

b5 serves
b3–5 serv
b3–5 serv
b5 serves
b5 serves
Fruit and
Fruit and

Obesity Agborsangaya 201347

Roberts 201513

Wikstrom 201545

Dhalwani 201712

Katkireddi 201714

4803
105,416
663
586
5476
4510

BMI ≥ 30 k
BMI ≥ 30 k
BMI per u
BMI per u
BMI ≥ 30 k
Obese BM
Morbidly

Smoking Roberts 201513

Wikstrom 201545

Dhalwani 201712

Katkireddi 201714

105,416
663
586
5476
4510

Current sm
Current sm
Current sm
Current sm
Current sm
Ex smoke

aHR – adjusted hazard ratio; aOR – adjusted odds ratio; BMI – body mass index; CI – confiden
socioeconomic group had 3.7 times the odds of multimorbidity and
onset was significantly younger than those who had more socioeco-
nomic advantage.13 The odds of developing multimorbidity in Scotland
were 46% higher in those in themost deprived areas versus the least de-
prived areas, and lifestyle factors explained only 41% of this risk.14 This
reinforces the need for a comprehensive approach to HL that starts in
childhood and considers health policy, the built environment and incor-
porates public health education.
Optimal care for people with multimorbidity – individualised and
prevention-oriented

Improvements are needed in delivery of health care for people with
multimorbidity. Using traditional disease-basedmodels of care, patients
with multimorbidity are at greater risk of adverse outcomes and treat-
ment complications than their individual conditions would confer, and
are more likely to receive ineffective care than those without
multimorbidity.15,16 This is reflected in the patient's experience of
care, which has been described as ‘overwhelming, draining and compli-
cated’ and that care is fragmented, ‘like being split into pieces’.17 Pa-
tients and carers report: 1) poor communication with and between
health care providers; 2) a lack of care coordination; 3) long wait
times for services; 4) difficulty making decisions about health care;
and 5) being unsure how to prioritise; and feeling alone.18 Family phy-
sicians describe similar concerns, along with insufficient time or reim-
bursement to deal with the complexities of multimorbidity in
everyday practice.18,19

Individuals with multimorbidity identify individualised care planning
and proactive, prevention-oriented care as themost important features of
an optimal health care process.20 This is consistent with the HLPP which
has a strong emphasis on addressing individual healthy behaviours across
the spectrum of prevention. People with multimorbidity define good
health andwellbeing as enjoyment of life, maintenance of independence,
having social relationships and participating in society.20 An approach
which emphasises an individual's function and participation is likely to
deliver good outcomes for both patients and the health system. A popula-
tion based study of 5771 Medicare-enrolled adults aged 65 and older
showed that better daily function was a stronger determinant of lower
Hazard ratio/odds ratio and 95% CI

time physical activity
time physical activity, women
time physical activity, men
er physically active
minutes/week

aOR 1.40 (1.30–1.60)
aHR 1.45 (1.03–2.52)
aHR 1.84 (1.35–2.52)
aHR 1.33 (1.03–1.73)
aOR 1.26 (1.10–1.44)

of fruit and vegetables/day
es of fruit and vegetables/week, women
es of fruit and vegetables/week, men
of fruit and vegetables/day, women
of fruit and vegetables/day, men
vegetables some days in last week
vegetables no days in last week

aOR 1.1 (1.0–1.2)
aHR 1.53 (1.12–2.11)
aHR 1.51 (1.08–1.74)
aHR 1.65 (1.17–2.34)
aHR 0.60 (0.43–0.86)
aOR 1.06 (0.95–1.19)
aOR 1.45 (1.24–1.70)

g·m−2

g·m−2

nit increase, women
nit increase, men
g·m−2

I 30–34.9 kg·m−2

obese BMI N 34.9 kg·m−2

aOR 2.2 (1.9–2.7)
aOR 2.2 (1.9–2.4)
aHR 1.10 (1.07–1.13)
aHR 1.12 (1.09–1.15)
aHR 1.28 (0.85–1.91)
aOR 1.43 (1.21–1.68)
aOR 1.98 (1.50–2.62)

oker, any amount
oker, women
oker, men
oker
oker

r

aOR 1.6 (1.4–1.8)
aHR 2.10 (1.37–3.22)
aHR 1.65 (1.20–2.26)
aHR 1.21 (0.65–2.27)
aOR 1.57 (1.37–1.80)
aOR 1.35 (1.18–1.55)

ce interval; MET – metabolic equivalent; MM – multimorbidity.
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health care costs than any other demographic feature or combination of
chronic diseases.21

Individualisation of the HLPP for people with multimorbidity

The number of possible disease combinations in people with
multimorbidity is enormous, making any approach based on disease la-
bels or ‘clusters’ unlikely to be broadly applicable. A population-based
study in Canada has demonstrated 113 different combinations of diag-
noses in people with two health conditions; 243 unique combinations
captured only the first 50% of those with ≥5 health conditions.22 This
suggests it may not be practical to deliver comprehensive care that is
targeted at disease clusters, as a large number of individuals will always
fall outside them. Similarly, treatment of each disease as though it ap-
peared in isolation is unlikely to be effective or acceptable to patients.
Examination of United States (US) clinical guidelines for six common
health conditions found that for patients with three chronic conditions,
complyingwith all the guidelines would require taking a minimum of 6
to a maximum of 13 medications per day, visiting a health caregiver a
minimum of 1.2 to a maximum of 5.9 times per month and spending
an average of 50 to 71 h each month in health-related activities. The
patient's workload increased greatly with increasing numbers of con-
comitant conditions.23

It has recently been proposed thatmultimorbidity should be seen as a
complex adaptive response to biobehavioural and socioenvironmental
networks, rather than the sum of individual diseases.24 This holistic ap-
proach requires that we pay attention to both disease-specific mecha-
nisms and the context in which disease is occurring, with the aim of
strengthening resilience and enhancing social capital.24 This is entirely
consistent with both precision medicine and the principles of HLM10

and has a strong focus on environment, lifestyle and patient goals. Whilst
biomedical care remains critical (including reducing polypharmacy and
eliminating ineffective treatments), personal health behaviours such as
diet and exercise are of growing importance to the effectivemanagement
of multimorbidity.

The National Institute for Health and Care Excellence (NICE, United
Kingdom) has published a guideline on clinical assessment and man-
agement of multimorbidity.25 The guideline recommends that care for
multimorbidity should be directed by five principles: 1) how the
person's health conditions and their treatments interact and how this
affects QoL; 2) the person's individual needs, preferences for treat-
ments, health priorities, lifestyle and goals; 3) the benefits and risks of
following recommendations from guidance on single health conditions;
4) improving quality of life by reducing treatment burden, adverse
events, and unplanned care; and 5) improving coordination of care
across services. Key features of this person-centred care for people
with multimorbidity are: 1) active participation of patients in goal-
setting and decision-making about the care provided and self-
management of their conditions; 2) involvement of informal carers;
and 3) provision of coordinated multidisciplinary care.26 These features
are critical to underpin the delivery of the HLPP in people with
multimorbidity.

Individualising the HLPP for people with multimorbidity requires
consideration of both function and frailty. Functional limitationsmay in-
clude difficulty with physical mobility, activities of daily living, instru-
mental activities of daily living, social interaction, work or leisure
activities. Functional limitation is present in around 45% of those with
chronic conditions; the number of limitations increases with each addi-
tional chronic disease and with increasing age.1 The US Department of
Health and Human Services framework on multiple chronic conditions
emphasises the importance of optimizing function, maintaining func-
tion, or preventing further decline in function of those who have
multimorbidity.27 The accumulation of multiple health deficits and
functional impairments may manifest as frailty, which identifies a vul-
nerable subgroup who are at particularly high risk of poor outcomes
such as falls, disability, loss of independence, hospitalisation and
death.28 Markers of frailty could include impairments in mobility,
strength, balance, cognition, nutrition, endurance, mood and physical
activity, with a variety of measurement tools available.29,30 Whilst not
all individuals with multimorbidity are frail, there is a substantial over-
lap. This is recognised in the recent NICE guidelines, which encourage
assessment of frailty in people with multimorbidity using simple mea-
sures such as gait speed or self-reported health status.25

In people with multimorbidity who do not have functional limita-
tions or frailty, delivering the HLPP may use similar approaches to
those used in people with single chronic diseases. However, the added
complexities and treatment burdens in people with multimorbidity re-
quire diligent attention to: 1) understanding the individual's goals and
priorities; 2) minimising the burden of care; avoiding duplication of
care; and 3) improving care coordination. The HLPP may therefore be
best delivered in the context of amultidisciplinary teamwhere a shared
understanding of treatment priorities and responsibilities across pa-
tients, carers and health professionals can be developed. In recognition
of the treatment burden imposed by multimorbidity, it may be neces-
sary to work with patients to identify one or two elements of the
HLPP that is of greatest significance to them. This may enable the estab-
lishment of achievable goals, the delivery of appropriate education and
support, and achievement of good health outcomes. For instance, an in-
dividual who is well motivated to quit smoking could be supported to
achieve this goal, acknowledging that obesity is present but not cur-
rently a priority, and the burden of care is such that the individual cur-
rently has little spare capacity to address this domain. As goals will alter
over time alongside changes in health status and personal priorities, an
individual's goals should be frequently revisited, with new opportuni-
ties to address other domains of HL.

For individuals with functional impairment, delivering the HLPP
should additionally considerways inwhich function could be improved.
Individuals with physical mobility impairments that affect PA of daily
livingmay bemoremotivated to set goals relevant to the physical activ-
ity domain, with opportunities to achieve gains that are meaningful for
daily functioning. Where functional impairment includes social isola-
tion, HL interventions must consider the important role of social sup-
ports and environment, such as group exercise classes, provision of
transport to smoking cessation appointments and neighbourhood
meal services. Interventions that target functional and PA limitations
(e.g., multidisciplinary programs that include goal setting and
prioritisation, muscle strengthening, balance, falls prevention and social
support) are some of the more effective treatments available for indi-
viduals with multimorbidity31 and provide an ideal setting to deliver
the HLPP.

For individuals with frailty, the HLPP is critical to addressing the key
phenotypic domains of slow walking speed, weakness, inactivity, ex-
haustion, and shrinking.29 PA interventions, or interventions that com-
bine nutrition and physical activity, may be effective to reduce frailty
markers in this group.32 People with frailty and multimorbidity have
the greatest treatment burden and most significant risk from inappro-
priate treatment; thus excellent coordination of care and strong support
from the multidisciplinary team will be required. A recent European
study reported that frail older people were themost common subgroup
addressed in interdisciplinary care programs for people with
multimorbidity, in 45% of programs surveyed, suggesting that the high
care needs of this group are increasingly recognised.

Existing chronic disease rehabilitation programsmay provide an op-
portunity to individualise the HLPP in people with multimorbidity who
have functional impairment or frailty. For instance, cardiac rehabilita-
tion has a strong focus on management of risk factors and is highly ef-
fective for improving functional capacity, although its impact on frailty
is yet to be determined.33 There is emerging evidence that pulmonary
rehabilitation programs can reduce frailty.34 However, people with
multimorbidity are less likely than their peers with a single health con-
dition to take up a referral to rehabilitation, and are more likely to drop
out before they complete the program.35 New models of cardiac
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rehabilitation that take a more person-centred approach are emerging
(e.g., home-based rehabilitation or telerehabilitation, which overcome
barriers related to transport and access) and appear to have equivalent
outcomes to traditional centre-based programs.36 Whether these
models can improve uptake and outcomes in people with
multimorbidity has yet to be determined.

Adherence, persistence and the challenge of complexity
in multimorbidity

Inadequate adherence andpersistence aremajor challenges to preci-
sion in delivery of the HLPP.10 These challenges are especially apparent
in the context of multimorbidity. For instance, the presence of
multimorbidity is a strong predictor of non-adherence to cardiovascular
medications,37 which is not surprising given the complexity of manag-
ing multiple treatments, the experience of side-effects and lack of
clear benefits.38 It is likely that adherence to the components of the
HLPP will be similarly challenging. For health professionals, delivering
evidence-based care to people with multimorbidity is perceived as dif-
ficult due to fragmentation of care, insufficient consultation time and in-
adequacy of single-disease guidelines to inform decisions.39

Self-management support for patients and caregivers is emphasised
in frameworks formultimorbidity care, acknowledging that patients are
required to execute complex care regimens outside the clinical setting,
many of which involve non-pharmaceutical interventions such as
those in the HLPP.40 Self-management interventions for people with
multimorbidity vary in content andmode of delivery, but have had pos-
itive effects on physical function, PA and diet.31 Many include elements
of behavioural counselling (e.g. health coaching, cognitive behavioural
therapy). Behavioural counselling has been identified as the ‘enteric
coating’ for the HLPP, used to optimise the time and location of
delivery.10 Care providers will require training to ensure that effective
self-management support and behavioural counselling can be deliv-
ered. Similarly, patients and caregivers should be providedwith training
and support to improve self-management, tailored to their preferences
and competencies.40

Precision delivery of the HLPP in multimorbidity requires active in-
volvement of patients and caregivers in treatment decisions. Shared de-
cision making aims to empower patients to take a central role in
decisions about their care, including identification of priorities, goals
and desired outcomes.41 Shared decisionmaking is especially important
where there is uncertainty regarding which treatment option is supe-
rior, if there may be associated benefits and harms, or whether decision
is likely to be strongly influenced by a patient's values and
preferences.42 This is exactly the situation in which patients with
multimorbidity and their health professionals are making decisions.
Shared decision making increases knowledge and understanding of
Table 2
Features of multimorbidity care frameworks that facilitate individualised delivery of the health
Adapted from references 27,40,44.

Feature

Person centred care
Regular and comprehensive assessment
Individualised care plan

Service delivery

Multidisciplinary team
Coordination of care
Organisational integration
Self management
Technology

Integration with environment and community
risks.43 Although evidence for the impact of shared decision making
on adherence is not yet available, it has become a key element of
multimorbidity care frameworks.27,40,44 Precision delivery of the HLPP
may benefit from this approach, to optimise engagement in HL behav-
iours in the setting of complex care.

Organisation of care for people with multimorbidity – Where does
the HLPP fit?

Traditionally, health services have been organised around single
medical conditions. The rising prevalence of multimorbidity means
that new ways of organising care are required. Around the world new
frameworks of integrated care for people with multimorbidity are
being developed,27,40,44 to guide health service providers and policy
makers. Consistent with precision medicine and the principles of the
HLPP these frameworks are person centred, with the individual and
their environment placed centrally. Health is understood as going be-
yond physical, mental and social wellbeing, to include the ability to
self-manage, adapt and cope.44 The individual's environment includes
their social network, their financial, housing arrangements and physical
surroundings, as well as access to community services and transport.
Consideration of these environmental facilitators is key to successful
implementation of the HLPP; for instance, an individual is more likely
to sit less and move more if there is a safe place to walk outside.

Shared features of multimorbidity frameworks that are relevant to
precision delivery of the HLPP are in Table 2. Extending care and team-
work across health, social care and volunteer networks provides new
opportunities to encourage healthy behaviours outside the health care
setting. The emphasis on multidisciplinary teamwork and coordination
of care requires that each team member is skilled in delivery of the
HLPP, understands the patient's goals and preferences, can teach the re-
quired self- management skills, and can communicate progress to the
rest of the team. All the frameworks emphasise the potential of technol-
ogy to share information, provide integrated and coordinated care,
stratify risk and empower patients; wearable devices provide opportu-
nities for self-management and can encourage patients to undertakeHL
behaviours. Although widespread integrated care for people with
multimorbidity remains an aspiration, models of care that embody
some of these principles are emerging,26 with great potential for effec-
tive, individualised delivery of the HLPP.

In conclusion, a person-centred, precisionmedicine approach is crit-
ical for optimal care of people with multimorbidity. Individualization of
the HLPP for individuals with multimorbidity requires a shared under-
standing of goals and preferences; addressing functional impairment
and frailty; support for self-management; multidisciplinary teamwork;
and coordination of care. Emerging models of integrated care for
multimorbidity will provide an ideal platform for delivery of the HLPP.
y living polypill.

Characteristics

Holistic understanding of the individual within their environment
Assess medical psychological, social and functional capabilities
Person centred, focused on patient outcomes rather than disease outcomes
Consider patient goals and preferences
Tailored and flexible
Smooth transitions between providers
Involve informal caregivers
Across health, social care and volunteer work boundaries
Named individual to facilitate communication and continuity of care
Across health and social care sectors
Facilitates the behavioural and lifestyle changes necessary for optimal wellbeing
ICT to facilitate integrated and coordinated care – e.g. EMRs and patient portals
Telehealth and remote monitoring
Wearables
Support access to community and social resources
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