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Abstract
We argue that ‘multimorbidity’ is the manifestation of interconnected physiological network
processes within an individual in his or her socio-cultural environment. Networks include ge-
nomic, metabolomic, proteomic, neuroendocrine, immune and mitochondrial bioenergetic el-
ements, as well as social, environmental and health care networks. Stress systems and other
physiological mechanisms create feedback loops that integrate and regulate internal networks
within the individual. Minor (e.g. daily hassles) and major (e.g. trauma) stressful life experi-
ences perturb internal and social networks resulting in physiological instability with changes
ranging from improved resilience to unhealthy adaptation and ‘clinical disease’. Understand-
ing ‘multimorbidity’ as a complex adaptive systems response to biobehavioural and socio-
environmental networks is essential. Thus, designing integrative care delivery approaches that
more adequately address the underlying disease processes as the manifestation of a state of
physiological dysregulation is essential. This framework can shape care delivery approaches
to meet the individual’s care needs in the context of his or her underlying illness experience.
It recognizes ‘multimorbidity’ and its symptoms as the end product of complex physiological
processes, namely, stress activation and mitochondrial energetics, and suggests new opportu-
nities for treatment and prevention. The future of ‘multimorbidity’managementmight become
much more discerning by combining the balancing of physiological dysregulation with
targeted personalized biotechnology interventions such as small molecule therapeutics
targeting specific cellular components of the stress response, with community-embedded in-
terventions that involve addressing psycho-socio-cultural impediments that would aim to
strengthen personal/social resilience and enhance social capital.

Variability is the law of life, and as no two faces are the same,
so no two bodies are alike, and no two individuals react alike
and behave alike under the abnormal conditions which we
know as disease.

Sir William Osler, 1903

Introduction
Diseases are essentially defined [1] and organized [2] based on
patterns of patient reported symptoms, clinical signs and
pathology/radiology findings. As distinct entities, each disease is
recommended to be managed according to an agreed best-
evidence-based guideline (glossary). The term ‘multimorbidity’
(glossary) has arisen as a numeric conceptualisation to capture
the presence of several diagnosable diseases within the same indi-
vidual [3]. Unsurprisingly – and internally consistent – patients
are managed for each individual disease according to its disease-
specific guideline, often involving an array of clinicians and/or

clinical teams each focused on one specific disease. This method
has shown many limitations resulting more recently in a call to
move towards integrated approaches (glossary) to ‘multimorbidity’
care that better meets the needs of individual patients. However,
current integration approaches have shown only limited impact
on improving patients’ health and health experiences.

We suggest that the conception of ‘multimorbidity = sum of indi-
vidual diseases’ overlooks that ‘multimorbidity’ arises uniquely in
the ‘one body’ of a particular patient. This holistic view suggests that
common linked physiological/pathophysiological pathways underlie
the development of ‘disease(s)’ in a non-organ-specific manner.
Multiple diseases within the one person are, thus, not necessarily
caused by independent events and/or mechanisms. They are better
appreciated as the result of the body’s interconnected, that is, sys-
temic, response to all types of challenges and its overall function.
This knowledge necessitates thinking about complex adaptive sys-
tems with important implications for designing and optimizing clin-
ical approaches to manage patients with ‘multimorbidity’.
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This paper proposes an alternative unifying multi-level complex
adaptive systems framework for thinking about ‘multimorbidity’.
Firstly, we describe interconnected physiological, cellular and
molecular pathways, the state of balance that promotes healthy
functioning, and their disturbances in disease/‘multimorbidity’.
We then propose that effective ‘multimorbidity-based’ health care
must focus on counterbalancing the ‘sources of such disturbances’,
rather than only tinkering with visible disease processes (such as
drug treatment for hypertension) and/or only palliating symptoms.
This approach in turn has implications for health care delivery;
integrated care is more than just health professional care.
Personalized medicine (glossary), besides addressing
disease-specific mechanisms, needs to pay much more attention
to each person’s needs, that is, addressing the particular context
in which disease is occurring. We start with a case study to illus-
trate these notions.

Case study: a fairly typical person with
‘multimorbidity’
Jim is a 76-year-old man, recently widowed, living by himself in a
small dilapidated public housing flat at the edge of the city. He is
surrounded by mostly younger families with boisterous adolescent
children, some of whom are heavily into drugs and alcohol. His
son and daughter, both of whom are tertiary educated, live at the
other side of town and visit him semi-regularly. Most of his friends
are deceased; he meets with a couple of previous work mates in the
local pub on a Friday night.
Jim had been a heavy smoker during his work life as a

foreman in an aluminium smelter. He only recently stopped
smoking after suffering a mild stroke, which has left him, in
his own words, with ‘some clumsiness’ in his non-dominant left
arm. His smoking resulted in moderate severe chronic obstruc-
tive pulmonary disease, and he has medically controlled angina
and diabetes. He had cataract surgery at aged 63 years and
3 years ago hip replacement surgery following a fall-related
fracture of his femur. Since that time he requires a four-wheel
walker for mobility. He is on 11 different medications and has
to take 23 tablets spread across the day.
Following his stroke, he had a comprehensive assessment by the

hospital discharge team. They felt he should be able to manage at
home with minimal support; an occupational therapist assessed his
home and organized handrails and shower aids, and a new bed that
allowed for more space manoeuvring with his walker.
Jim’s story embodies the typical multi-dimensional nature and

context in which ‘multimorbidity’ often occurs.
Jim’s situation illustrates all the hallmarks of a complex

adaptive system consisting of the internal (biological) and exter-
nal (environmental) agents of his particular environment. This
system has a history (Jim’s biography) and influences the emer-
gence of his illness trajectory. Emergence results from the inter-
actions and feedback between all agents from the cellular and
organ levels to those that define his home and social environ-
ment [1].
Jim’s story provides the backdrop to describe in more detail the

interconnected physiological systems of ‘multimorbidity’, to
allude to the multiple modes of physiological activation and to
consider the implications for person-centred needs-based care.

The physiology of ‘multimorbidity’

Emerging evidence indicates that disease is a consequence of
interactions between multiple physiological networks – in particu-
lar, those that regulate gene networks [4] including the activities of
the autonomic nervous system [5], the hypothalamic-pituitary-
adrenal axis (HPA) [6,7] and the bioenergetics within the
mitochondrion [8,9]. It is in this context that Goh et al. [4] framed
the notion of the diseasome, linking the underlying human disease
networks with their gene networks, that is, combining the disease
phenome with the underlying disease genome. These maps show
important genome-linked diseases and clarify how and why certain
diseases occur in clusters within the same person [4,10]. This
emerging knowledge challenges the cellular/organ-based
pathological basis of current disease taxonomies and treatment
strategies [2,11,12] (Fig. 1).
Mounting evidence indicates that many system diseases are pro-

duced by stochastic or random genomic changes [13]. Inherited ge-
netic heterogeneity contributes to diseases more strongly than
individual genes, which explains the low penetrance of specific
gene mutations within populations, and emphasizes the ‘gene x en-
vironment’ interactions or epigenetic changes that occur over time
and across generations [13]. Phenotypic disease, the individual
uniqueness of a disease’s characteristics and progression, results
from intricate feedback interactions between the complex genomic,
proteomic, metabolomic, neuroendocrine, immune and bioenerget-
ics networks. Furthermore, networks are modulated by the complex
dynamic environmental contexts of the patient (Fig. 2) [1,10].

Physiological network interactions in ‘multimorbidity’

Physiological pathways aim to maintain the body’s homeokinetic
stability (glossary) [14–17]; persistently, exceeding homeokinetic
boundaries result in physiological instability and ‘clinical disease’
[17]. Physiological pathways form intricate networks that control
the complex intercellular and intracellular activities are associated
with cell and organ functions. Excessive perturbation of these net-
works ultimately leads to disease [10] because of changes in the
balance of proinflammatory and anti-inflammatory cytokine activ-
ity, dysregulation of stress systems and elevated stress hormone
levels such as cortisol and epinephrine and in gene transcription
activity and the control of mitochondrial function.

The role of cytokines

Health, in the sense of ‘absence of disease’ as well as ‘the experi-
ence of health’, is principally associated with a balance of proin-
flammatory and anti-inflammatory activities that vary across the
day [18,19]. Figure 3 summarizes the effects of increasing levels
of proinflammatory cytokines caused by disease on the person’s
experience of illness. There is crosstalk between the immune sys-
tem and the brain. For example, peripheral cytokines can stimulate
the HPA axis [20] and induce sickness behaviour [21,22] via indi-
rect (e.g. the vagus nerve) or direct (e.g. crossing leaky portions of
the blood brain barrier) pathways [23,24], whereas cortisol, the
end product of the HPA axis, has potent anti-inflammatory effects
on immune cells and reduces cytokine production during healthy
regulation. Furthermore, cortisol has the potential to influence al-
most every cell in the body –making it an integral factor in linking
multiple physiological systems.
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Figure 2 Regulatory cycle linking the omics of life. The genome com-
prises the totality of genes within an organism, which constitute the
blueprint for the transcriptome, whose translation leads to proteins that
accomplish enzymatic functions including bioenergetics transformations
that consume and produce metabolites constituting the metabolome. In
turn, gene transcripts, proteins and metabolites all impact the expres-
sion of genetic elements via dynamic processes subject to regulation.

Figure 3 The link between somatic and brain responses to illness. Dis-
ease results in the increase of circulating proinflammatory cytokines,
which activate brain cytokines that produce the various features of the
‘illness experience’. Cortisol dampens the inflammatory response (nega-
tive feedback loop); however, chronic inflammation results in cortisol re-
sistance and ongoing inflammation (positive feedback loop). (adapted
from Dantzer R. Innate immunity at the forefront of psychoneuroimmu-
nology. Brain Behav Immun 2004;18:1–16).

Figure 1 The diseasome – the link between the phenotypic appearance of selected diseases and their underlying genomic blueprint. These networks
show that many phenotypic diseases like cardiovascular disease and diabetes share the same genome [ref], which has important implications for un-
derstanding the co-occurrence of many ‘common diseases’within the one person. (reproduced with permission: Goh K-I, Cusick ME, Valle D, Childs B,
Vidal M, Barabási A-L. The human disease network. Proceedings of the National Academy of Sciences. 2007;104(21):8685–8690).
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Neuroendocrine mechanisms

Based on past experiences and current appraisal, the brain controls
how the body responds to environmental stressors [25]. If one per-
ceives to have the resources or skills to handle a situation, the body
does not mount an excessive physiological response. However, the
conscious or subconscious experience/interpretation as a loss of
control or threat of self results in activation of the stress systems
and withdrawal of the calming nervous system’s influence.
When facing a threatening situation, the sympathetic or activat-

ing nervous system activates; thus, high levels of epinephrine/
norepinephrine permeate throughout the body and promote im-
mune activity (i.e. proinflammatory cytokine production). During

recovery, cortisol and acetylcholine inhibit immune activity, there-
fore, restoring balance among the neuroendocrine and immune sys-
tems. Figure 4 summarizes the crosstalk between the
neuroendocrine and immune networks with focus on peripheral cy-
tokine levels. When facing a chronic threat, recovery of the calming
nervous system may not occur, and immune cells become resistant
to the constant presence of cortisol, leading to the
removal/reduction of both anti-inflammatory pathways. Hence,
proinflammatory cytokine production escalates and continues to
fuel the stress systems – creating a vicous negative feedback cycle
and multi-system perturbation.
Stress reactivity not only serves as a tool of cellular and systemic

adaptation; but as a trade-off, it also contributes to disease

Figure 4 Schematic review of communication between the stress systems and immune cells during acute and chronic situations. During acute stress,
sympathetic nervous system (NS) activation directly releases norepinephrine into the periphery and stimulates the adrenals to secrete epinephrine into
circulation. Although the sympathetic activation is immediate, it cannot be maintained long-term. Thus, the brain simultaneously activates the hypotha-
lamic–pituitary–adrenal (HPA) axis leading to the production of cortisol. This acute stress response shifts immunity towards the antibacterial immunity
via adrenergic receptors on immune cells; yet, following resolution of the stressor, excess cortisol and re-activation of the parasympathetic NS force
immune cells to acquiesce because of alpha 7 nicotinic acetylcholinergic (α7 nACh) and glucocorticoid (GC) receptor activation. However, chronic
stress forces the body into a modified basal state where immune cells develop GC resistance and experience little activation of α7 nACh receptor be-
cause of sympathetic NS dominance. Both factors lead to elevated systemic inflammation thriving off the self-feeding vicious feedback cycle (e.g. cy-
tokines can activate the HPA axis) that can be further compounded by psychosocial factors, health behaviours and dysregulation of multiple organ
systems, progressing to ‘multimorbidity’. Dashed lines indicate inhibitory or anti-inflammatory effects, and solid lines indicate activating or proinflam-
matory effects.

J. P. Sturmberg et al.‘Multimorbidity’ as network disturbances

202 © 2016 John Wiley & Sons, Ltd.



manifestation [13]. Acute activation of the stress systems can result
in behaviour changes that lessen the perceived threat; however, to-
day, individuals may not be able to reduce the threat, leading to
chronic activation of both stress systems [6]. These neuroendocrine
mediators and their end-products have pervasive, wide-ranging ef-
fects at the system and cellular levels, being responsible for the in-
flammatory changes in diseases like asthma and allergic rhinitis
[26], obesity [27,28], insulin resistance [29] and diabetes [30], cor-
onary artery disease [31,32] and osteoarthritis [33–35].

Cellular mechanisms of ‘multimorbidity’

Particularly sensitive to the effects of chronic stress is the mito-
chondrion, which regulates cellular energy production and cell
function through intracellular signalling [36]. Mitochondria are
present in cells throughout the body, and thus, mitochondrial dys-
function may simultaneously cause organ-specific defects through-
out the organism (Fig. 5) [9,37]. Mitochondria ‘sense’
neuroendocrine mediators and associated metabolic perturbations,
which affect their morphology and function resulting in mitochon-
drial damage (mitochondrial allostatic load, MAL) [8]. MAL can
initiate pathogenic signalling cascades known to triggering sys-
temic inflammation, altering the circulating metabolome, reducing
energy production capacity and influencing cellular gene expres-
sion [38], imparting broad effects on cell-specific parameters and
whole organism function. Thus, the mitochondrion, by providing
energy to animate and regulate these different regulatory networks,
plays a key role in the development of pathological changes across
organ systems [9].
At the cellular level, gene expression can be modified via pri-

mary neuroendocrine mediators, neurotransmitters, hormones and
cytokines [7]. The chronic presence of these primary stress medi-
ators can promote MAL, which in turn dysregulates multiple phys-
iological systems.
At the whole person level, psychosocial and behavioural fac-

tors activate nonlinear homeokinetic network mediators

including catecholamines, glucocorticoids, oxidative stress, pro-
inflammatory and anti-inflammatory cytokines, blood glucose,
insulin and others [39]. Systemic physiological recalibrations af-
fecting all organ systems under chronic stress define allostatic
load [40]. When prolonged, this multisystemic response exerts
‘wear and tear’ on various cellular components, accelerating
age-related functional decline and susceptibility to disease af-
fecting multiple organ systems – colloquially termed
‘multimorbidity’. Together, these systems interact with energy-
producing mitochondria, represent the cellular basis for
‘multimorbidity’, and constitute the mechanisms of vulnerability
and resilience to environmental challenge [41].

Personal context – psychosocialmediators in ‘multimorbidity’

Subjective and objective stress experiences, depression and social
support [42–45] are all potent mediators of the stress and mito-
chondrial bioenergetics systems and emerged as biobehavioural
factors affecting disease pathogenesis and related disease hetero-
geneity. Individuals with lower socio-economic status in every
country [46] have significantly worse health [47] and increased
likelihoods of developing ‘multimorbidity’ [48]. Lower socio-
economic status is linked to emotional/physical abuse, less educa-
tion, greater financial worry, reduced leisure time and negative
health behaviours. Substance abuse, a diet high in processed
foods and sedentary lifestyle [47] are risk factors and/or markers
for chronic activation of the stress system, which together drive
the ‘emergence of multimorbidity’ [49]. In line with this, various
stress management approaches aimed at reducing activation of
stress systems such as improving coping skills and enhancing
social support [50] are associated with reduced inflammation
[51–55], indicating the potential to impact disease by improving
physiological dysregulation and addressing individual’s psycho-
social factors/needs. Enhanced support for patients’
multimorbidity and frailty shows promise for future health care
strategies [56,57].

Figure 5 The stress–disease cascade and mitochondrial allostatic load. Allostatic load is a pathophysiological process in which multisystem biological
dysregulation caused by chronic stress synergizes with unhealthy behaviours. Chronic stress perturbs adaptive glucocorticoid signalling and glucose
levels (primary mediators) that in turn alter mitochondrial structure and function (primary effects), generating oxidative stress and cellular damage
(primary outcomes). This process cumulatively worsens risk factors (secondary outcomes), which consequently leads to disease (tertiary outcomes).
In this multilevel cascade, mitochondrial dysfunction is depicted as an early event mediating the relationship between primary mediators of chronic
stress and disease trajectories. mtDNA, mitochondrial DNA; ROS, reactive oxygen species. (reproduced with permission: Picard M, Juster R-P,
McEwen BS. Mitochondrial allostatic load puts the ‘gluc’ back in glucocorticoids. Nat Rev Endocrinol. 2014;10(5):303-310).
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‘Multimorbidity’ – highly variable clinical
pictures, same underlying physiology
Osler already was aware about the variability in expression and be-
haviour of diseases in different people conveying – without any
detailed knowledge about physiological networks – that their
causes and our responses as health professionals ought to be tai-
lored to the individual.
The outlined internal (biological) and external (social/environ-

mental) perturbations of the genomic, proteomic and metabolomic
networks modulate individuals’ immune function leading to differ-
ent phenotypic expressions of the same underlying disease pro-
cesses. Theoretically, this leads to the conclusion that much
observable ‘multimorbidy’ results from a common underlying
physiological disease process – the chronic activation of the stress
systems [39,44,45,58]. These processes affect the whole person
across molecular, personal and social domains [59,60] and physi-
ologically leads to a new state of objective and subjective
homeokinetic adaptation. While the emergence of the new stable
physiological state may entail characteristics that enable better ad-
aptation, it also can lead to a variety of ‘diagnosable diseases’. Ad-
ditional diseases may or may not be associated with worse
experiential or disease-specific outcomes. A person’s adaptation
to changes in morbidity is best reflected through his health percep-
tions as measured by self-rated health (glossary). Self-rated health
is a robust predictor of future morbidity, mortality and associated
health service utilization and does so independent of the person’s
‘objective disease state’ [61–64].
These insights appear to have been lost in most health systems;

research suggests that people experience illness as unique and
multifaceted while health professionals invariably respond in lin-
ear and prescriptive ways focused on each identifiable condition
in turn [65–67]. Ultimately, such a response fails the patient’s ho-
listic needs, causes iatrogenic disease and wastes scarce health
care resources.

Implications for a fairly typical person with ‘multimorbidity’

Now, we can appreciate Jim’s condition as a state emerging from
the integrated network interactions throughout his biography. He
lives in a stress-inducing environment with limited social networks,
and he has been exposed to environmental toxins throughout most
of his adult life; his ability to manage his daily life is limited by
the resulting consequences of his lung, heart and endocrine mal-
function, and he is at high risk of medication mishaps and falls.
Managing Jim’s ‘disease manifestations’ demands a cautious

approach. At his age, homeokinetic stability is more easily com-
promised with changes in physiological parameters like blood
pressure or blood sugar levels. Lowering his blood pressure ag-
gressively to meet a particular target value often results in cerebral
hypo-perfusion causing dizziness and confusion; when combined
with muscle weakness, osteoarthritis of the hip/knee and increas-
ing frailty, falls occur more frequently, increasing the risk of frac-
tures and intracranial bleeds. Seeing the bigger picture may not
only help avoid iatrogenesis but also promote more individualized
care [68]. Thus, continuing to focus on the management of the
‘biomedical parts of multimorbidity’ as ‘multiple single morbid-
ities’ based on ‘single-disease best-practice guidelines’ is
misguided and potentially dangerous [69,70].

Implications for health professionals

Person-centred care works by identifying and addressing all
triggers or sources that over-stimulate the stress system – be they
physical, social or experiential in nature. All stressors can potenti-
ate the inflammatory load and thereby further deteriorate physical
and mental well-being.
Addressing the sources activating the stress response is of major

importance in managing a person like Jim. The aim of caring for
Jim is to reduce both the sources and the consequences of the
stress response and improve his immune and bioenergetic func-
tions. Person-centred health care is only in part biomedical care;
many of the other facets of the patient’s illness can be more effec-
tively and efficiently addressed utilizing the expertise of social
workers, psychologists, community health workers or volunteers.
As the external environment stimulates neuroendocrine, inflam-

matory and bioenergetics pathways, ‘multimorbidity’ management
needs to focus more closely on environmental factors like personal
health behaviours (e.g. diet and exercise), emotional support and
stress management. ‘Multimorbidity’ management no longer can
avoid engaging in building stronger andmore equitable communities
focusing on housing, transportation, education, social support infra-
structures and work as they are essential for good health [71–73].
Our enhanced understanding of how factors both internal and

external to the person influence the physiological mechanisms of
their health [74] should form the basis for designing much more
comprehensive and sophisticated biomedical, social and environ-
mental interventions for people affected by ‘multimorbidity’.
‘Multimorbidity’ management necessitates a broad perspective

asking: Is this person in a stable or unstable health state? followed
by: How can stability be regained or maintained? This approach
puts equal emphasis on all the objective and subjective manifesta-
tions underlying the person’s health/illness [60,63,69,75]. Such a
complex adaptive approach to health care adjusts to the emergent
nature of a person’s care needs in flexible ways, at one point
providing simple direct interventions for a single disease aspect
(e.g. disabling hip arthritis or acute stroke) and at others muddling
through the vagaries of the person’s illness experience [76–78] and
its contextual interdependencies, especially those resulting from
disability, frailty, poverty and social exclusion, which exacerbate
‘brittleness’ and reduce resilience (Fig. 6).

The future of ‘multimorbidity’ management

The future of ‘multimorbidity’ management might become much
more discerning by combining the balancing of physiological
dysregulation with targeted personalized biotechnology interventions
such as small molecule therapeutics targeting specific cellular compo-
nents of the stress response, with community-embedded interventions
addressing psycho-socio-cultural impediments that would aim to
strengthen personal/social resilience and enhance social capital.
The rapid developments in ‘multimorbidity’ ‘omics’ technologies

aim to provide sensitive assays to quantify people’s personalized
health status reflecting whole person immune and bioenergetics
states far more sensitively and specifically than currently available
biomarkers of specific diseases [63]. These assays have the potential
to refine clinical decision-making and guide therapeutic interven-
tions that address the underlying molecular and cellular networks
to restore balance among complex genomic, proteomic,
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metabolomic, neuroendocrine, immune and bioenergetic networks.
Nevertheless, it is important to continually balance the individual’s
needs and wants in their personal health journey with biomarker tra-
jectories. Clinicians need to partner with their patients to identify
person-centred care that optimizes highly complex and sometimes
conflicting information from multiple knowledge sources.
At a maco-level, ‘multimorbidity’ management needs organiza-

tional restructuring that links health professional interventions
with personalized social support services and community-oriented
improvements of the physical and social infrastructure in local
communities. Optimal health outcomes – at the subjective and ob-
jective levels – are most likely to be achieved if biomedical and
psychosocial interventions go hand in hand.

Conclusions
‘Multimorbidity’ is an integrated systems state to perturbation and
feedback of the person’s genomic, proteomic, metabolomic, neuro-
endocrine, immune and bioenergetics networks. Recognizing that
‘multimorbidy’ reflects an underlying disturbance \in a network
of interlinked neuroendocrine, immunological and cellular pro-
cesses have two important implications for health professionals.
First, it invites them to explore all potential internal and external
‘stressors’; over-stimulation of the stress systems (HPA axis and

sympathetic nervous system) results in a proinflammatory state
and persistently exhausts bioenergetics capacities and hampers re-
silience. Second, it warrants the seeking of person-centred holistic
strategies aimed at restoring and maintaining physiological network
homeokinesis. An integrated understanding of ‘multimorbidity’ in-
vites health professionals to consider the multiple consequences of
any biomedical intervention and underscores the potential benefi-
cial effects of implementing stress-reducing biobehavioural inter-
ventions for patients and communities alike.
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Glossary of terms

Disease. Objective disease definition is central to the health care frameworks
and essential for service delivery. Yet, disease is ‘socially’ constructed via in-
ternational classification systems such as International Classification of Disease
(ICD) and continually under review [79]. There are two schools of thought –
essentialism and nominalism in disease classification. Essentialists regard dis-
eases as objective causes of illness; the role of a physician, in this view, is to
identify the cause and treat it appropriately. Nominalists see diseases as con-
structs that humans create to bring order to a disorderly world. [80]

Diseases are classified by diverse historical systems. Classical classifica-
tion of human disease derived from ‘observational correlation between path-
ological analysis and clinical syndromes’. Causation or aetiology is
considered central to the exercise, but classifications are based on divergent
premises, including those based on pathogenesis, or by symptoms, or the or-
gan system involved [1]. It is increasingly recognized that social perceptions
of individual responsibility or blame for their condition are important [81].
For example, senescence is being proposed as a disease [82].
Homeokinesis, first described and defined by Soodak & Iberall [83], is the
state of dynamic regulation that allows an organism to move to different sta-
ble states. Cannon’s concept of homeostasis refers to the ability of an organ-
ism to regulate its internal environment to maintain a stable or constant state
by means of multiple dynamic equilibrium adjustments, controlled by interre-
lated regulatory mechanisms.
Integrated care is another term with many different connotations – see
definitions later.

The current understanding of integrated care is flawed, because it is based on
an outdatedmodel of discrete diseases within an individual, despite person-centric
goals. The individual is a complex adaptive system, and no disease or social
problem is discreet but integral to that individual’s ‘health system’. Individual
health is an ongoing emergent phenomenon from internal and personal adap-
tation to life’s trajectories. Understanding this requires a total shift in the par-
adigm of service versus individual centric interconnected adaptive care.

The World Health Organization defines integrated care as the
organization and management of health services so that people obtain the
care they need, when they need it, in ways that are user-friendly, achieve
the desired results and provide value for money [84].

‘Integrated care’ is a term that reflects a concern to improve patient ex-
perience and achieve greater efficiency and value from health delivery sys-
tems. The aim is to address fragmentation in patient services and enable
better coordinated and more continuous care, frequently for an ageing pop-
ulation, which has increasing incidence of chronic disease.
1 Integrated care is best understood as a strategy for improving patient care.

Integrated care is concerned with improving patient care through better
coordination. A decision about the intensity of integration is essential,
starting with links across services, coordinating teams or pooling re-
sources. Where there is a strong history of partnership working, further
steps to amalgamate into a single integrated organization may be more
feasible (although integration that is focused largely on bringing organiza-
tions together is unlikely to create improvements in care for patients).

2 The service user is the organizing principle of integrated care. Careful anal-
ysis of the goals of integration is critical in order to establish what might
help or hinder progress. There is a need for a shared vision in which the ser-
vice user perspective and patient experience are central. This will then shape
how, when and where to integrate services in order to improve patient care.

3 One form of integrated care does not fit all. There is no one model of in-
tegrated care that is suited to all contexts, settings and circumstances.
Careful analysis is needed about the different integrative processes that
can support integration within a particular care setting. Decisions about
which approaches are most relevant to a particular setting will be guided

by the goals of the project, the needs of service users and other stake-
holders involved, existing provision and available resources.

4 It is only possible to improve what you measure. There is a shortfall in ev-
idence of the impact of integrated care. What evidence there is tends to be
drawn from a limited range of settings and initiatives, which focus on
structures and processes and involve limited assessment of outcomes or
costs. Further work is urgently needed to identify what integrated care ini-
tiatives work best for whom and in what circumstances. As integration is
an ongoing process, evaluation can facilitate continual refinement.

Nuffield Trust 85. The NC Integrated Steering Committee (Foundation for
Health Leadership & Innovation http://www.ncfahp.org/definition-of-inte-
grated-care.aspx) defines integrated care as both an orientation to and a
model of providing health care that encompasses the goals of the Triple
Aim (improving the individual experience of care, improving the health
of populations and reducing per capita costs of care for populations [Ber-
wick, Nolan, & Whittington, 2008]) while following these core concepts:
Integrated care as a practice is as follows:
• person-centred and team-based;
• coordinated across systems of care and professions;
• comprised of shared information systems;
• longitudinal and evolves to meet patient needs;
• evidence-based;
• comprehensive; and
• cost-effective.
Multimorbidity is defined as ‘the co-occurrence of multiple chronic or
acute diseases and medical conditions within one person’ [3].
Multimorbidity must be distinguished from co-morbidity – defined by
Feinstein as ‘any distinct additional entity that has existed or may occur dur-
ing the clinical course of a patient who has the index disease under study’
[86] – and chronic disease – defined as ‘Chronic diseases are illnesses that
are prolonged in duration, do not often resolve spontaneously, and are rarely
cured completely. … Features common to most chronic diseases include:
complex causality, with multiple factors leading to their onset; a long devel-
opment period, some of which may have no symptoms; a prolonged course
of illness, perhaps leading to other health complications; [and] associated
functional impairment or disability’ [87]. For a detailed discussion, see [88].
Personalized medicine (or precision medicine, stratified medicine and P4
medicine are terms interchangeably used) is defined as ‘the capacity to
predict disease development and influence decisions about lifestyle
choices or to tailor medical practice to an individual’. It is a highly bio-
medical concept aimed at (1) diagnosing a disease (and possibly the sub-
type) in an individual, (2) assessing an individual’s risk of disease, (3)
identifying whether an individual will benefit from particular interventions
and/or (4) tailoring dosing regimens to individual variations in metabolic
response. Evidence exists that personalized medicine is in fact emerging
as ‘biomarker-based’ medicine rather than whole person medicine [89].

A recent paper looking at the underlying mechanisms in the spectrum of
diabetes, while limited to one disease manifestation of a multimorbid state,
suggests a pragmatic approach to translating systems understanding of dis-
ease mechanisms with multilevel interventions [90].
Self-rated health (SRH) is a global assessment by a person about his own overall
health. Most commonly assessed with the question:How do you rate your overall
health on a scale of excellent, very good, good, fair or poor.

Self-rated health is an independent predictor of mortality, independent
of other medical, behavioural or psychosocial risk factors [61]. Explana-
tions for the validity of SRH are as follows: (1) SRH is more inclusive than
the covariates used in many studies; (2) SRH is a dynamic evaluation,
judging the trajectory of health and not only current health at a defined
point in time; (3) SRH influences behaviours that subsequently affect
health status; and (4) SRH reflects resources that reflect or even affect ones’
ability to cope with health threats [61,62].
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