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Outline

• What are multimorbidity and polypharmacy?
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Multimorbidity

• Defined as the co-occurrence of 2 or more chronic
conditions
• Observed in >60% of older adults
• It often causes negative health outcomes
• It challenges the organization of the health care 
systems

Multimorbidity
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Comorbidity of 10 common conditions

Guthrie B et al. BMJ 2012;345:bmj.e6341

BMC Public Health 2014
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THE I-CARE4OLD NETWORK

More information: 

visit our website icare4old.eu

Subscribe to our Newsletter

Follow us on This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No 96534 

and the Canadian New Frontiers Research Fund.

Objectives of preliminar ICARE4OLD analyses

Within care dependent older adults: 

o Identify subgroups of individuals sharing the same 

patterns of chronic disease 

oValidate such findings across different countries and 

care settings (Home Care and Nursing Home)
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Methods

o Two settings: home care and nursing home

o Older adults aged 60 years or older

o Countries: Canada, Italy, Finland and New Zealand

o First assessment between 2014 and 2018 through the comprehensive

geriatric assessments tools interRAI HC and LTCF

HC
25k

LTCF
25k

Finland

HC
25k

LTCF
25k

Canada

HC
18k

LTCF
9k

Italy

HC
25k

LTCF
25k

New Zealand

Total sample: 177,000

Results

A 5-class solution was chosen as the best model for both HC and NH

5 classes Over expressed diseases Naming of the classes

1

Chronic obstructive pulmonary disease
Cardio-pulmonary 

diseases
Congestive heart failure

Coronary heart disease

2 Other dementia Other dementias

3

Anxiety 

Psychiatric conditionsBipolar

Depression

4
Hemiplegia 

Stroke / Hemiplegia
Stroke 

5 Alzheimer disease Alzheimer dementia
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Characteristics of the Canada dataset, HC setting

Characteristics

Total 

sample 

N=25000

Cardio-pulmonary 

diseases 

N=2137 (9%)

Other 

dementias

N=4230 

(17%)

Psychiatric 

conditions

N=12342 

(49%)

Stroke / 

Hemiplegia

N=1878 

(8%)

Alzheimer 

dementia

N=4413 

(18%)

Females 60% 70.8% 59.5% 62.7% 49.1% 52.1%

Age (mean (SD) 81.2 (9,1) 77.6 (9.4) 83.9 (7.5) 80.8 (9.4) 79.9 (9.2) 82.1 (8.7)

ADL

Mild-moderate 32.4% 32.8% 41.3% 30.1% 30.3% 31%

Severe 23.9% 24.1% 28.8% 20.9% 32.4% 23.6%

CPS > 1 77.6% 83.9% 99.2% 69.4% 84% 73.8%

Total number of 

diseases

3+ diseases 31.2% 87% 32.1% 8% 48.4% 60.4%

ADL = Activities of Daily Living, CPS = Cognitive Performance Scale

Polypharmacy

Onder G et al. J Gerontol A Biol Sci Med Sci. 2013 

… The highest prevalence of medication use was among persons aged at least 65 years, 
of whom 12% took at least 10 medications

US

Kaufman et al. JAMA 2002

… mean number of drugs was 7.9 for age group 70-79 y, 9.3 for age group 80-89 y and 
9.7 for age group 90 y or older

Sweden

Hovstadius B et al. BMC Clin Pharmacol. 2009

Polypharmacy was observed in 2,000 (49.7%) residents and excessive polypharmacy 
in 979 (24.3%) residents. 

The prevalence of polypharmacy (use of ≥5 prescription drugs) increased from an 
estimated 8.2% in 1999-2000 to 15% in 2011-2012 

Kantor et al. JAMA 2015

NH Europe
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Polypharmacy (n of drugs used in 2019)

N. drugs
% Men % Women

65-69 70-74 75-79 80-84 ≥85 Tot 65-69 70-74 75-79 80-84 ≥85 Tot

1 10,9 7,1 5,0 3,7 3,6 6,6 9,4 6,2 4,4 3,4 4,0 5,6

2 11,8 8,7 6,6 5,1 4,4 7,9 11,0 8,1 6,1 4,8 4,9 7,1

3 11,4 9,4 7,7 6,3 5,5 8,5 11,4 9,2 7,5 6,2 6,0 8,2

4 10,7 9,7 8,4 7,4 6,6 8,9 11,0 9,7 8,4 7,4 7,2 8,8

5 9,6 9,4 8,8 8,2 7,6 8,9 9,9 9,5 8,9 8,2 8,0 9,0

6 8,5 8,9 8,8 8,5 8,2 8,6 8,8 9,0 8,8 8,6 8,5 8,7

7 7,2 8,1 8,4 8,4 8,4 8,0 7,5 8,2 8,4 8,6 8,5 8,2

8 6,1 7,1 7,7 8,0 8,1 7,2 6,2 7,2 7,8 8,1 8,1 7,5

9 5,0 6,0 6,8 7,4 7,6 6,4 5,2 6,2 6,9 7,5 7,5 6,6

10+ 18,8 25,6 31,9 37,1 40,1 29,0 19,6 26,8 32,7 37,2 37,2 30,3

Rapporto Osmed anziani 2020

Kantor et al. JAMA 2015
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Drug class
Prevalence of use (%)

Men Women
65-69 70-74 75-79 80-84 ≥85 Tot 65-69 70-74 75-79 80-84 ≥85 Tot

PPI 35,4 45,6 49,6 58,5 66,5 47,9 37,1 47,2 50,7 58,7 62,7 50,3

Anti-hypertens. 59,0 71,6 75,3 86,9 95,5 73,9 54,8 69,3 74,8 86,2 92,0 74,0

Antibiotics 43,9 49,5 49,2 54,9 63,5 50,3 48,2 51,8 49,0 52,4 57,5 51,6

Drug class
Prevalence of use (%)

Men Women
65-69 70-74 75-79 80-84 ≥85 Tot 65-69 70-74 75-79 80-84 ≥85 Tot

PPI 35,4 45,6 49,6 58,5 66,5 47,9 37,1 47,2 50,7 58,7 62,7 50,3

Anti-hypertens. 59,0 71,6 75,3 86,9 95,5 73,9 54,8 69,3 74,8 86,2 92,0 74,0

Antibiotics 43,9 49,5 49,2 54,9 63,5 50,3 48,2 51,8 49,0 52,4 57,5 51,6

Urinary 19,7 29,1 34,5 42,1 47,3 31,7 0,3 0,4 0,4 0,5 0,4 0,4

9,0 12,7 15,2 19,3 22,4 44,1 51,1 50,4 52,7 44,8

7,6 10,0 12,0 15,6 18,3 10,5 14,6 17,7 22,4 23,2

6,6 8,5 10,6 14,6 19,5 13,3 16,4 18,8 23,8 27,0
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Urinary 19,7 29,1 34,5 42,1 47,3 31,7 0,3 0,4 0,4 0,5 0,4 0,4

9,0 12,7 15,2 19,3 22,4 44,1 51,1 50,4 52,7 44,8

7,6 10,0 12,0 15,6 18,3 10,5 14,6 17,7 22,4 23,2

6,6 8,5 10,6 14,6 19,5 13,3 16,4 18,8 23,8 27,0

Antidiabetics 16,7 21,2 22,3 23,8 21,6 20,6 11,1 15,3 16,9 18,9 17,6 15,6

Statins 32,5 41,3 43,1 46,1 38,6 39,6 28,7 37,6 39,5 41,3 30,5 35,2

NSAIDs 26,2 30,0 28,7 30,3 28,6 28,6 33,0 38,2 36,6 37,2 30,8 35,1

Drug class
Prevalence of use (%)

Men Women
65-69 70-74 75-79 80-84 ≥85 Tot 65-69 70-74 75-79 80-84 ≥85 Tot

PPI 35,4 45,6 49,6 58,5 66,5 47,9 37,1 47,2 50,7 58,7 62,7 50,3

Anti-hypertens. 59,0 71,6 75,3 86,9 95,5 73,9 54,8 69,3 74,8 86,2 92,0 74,0

Antibiotics 43,9 49,5 49,2 54,9 63,5 50,3 48,2 51,8 49,0 52,4 57,5 51,6

Interactions – Italian Population

Total (≥65 years) 65-74 

(%)

75-84 

(%)

≥85 

(%)n. %

2 o + drugs increasing

risk of bleeding
910.000 6,6 4,7 8,1 9,5

2 o + drugs causing QT 

prolongation
247.720 1,8 1,4 2,0 2,6

2 o + drugs increasing

the risk of acute renal

failure

1.301.647 9,5 8,2 10,9 10,3

Rapporto Osmed anziani 2020
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Outline

• What are multimorbidity and polypharmacy?

• Approaches?

Potentially serious drug-drug interactions between drugs 
recommended by clinical guidelines for 3 index conditions and 
drugs recommended by each of other 11 other guidelines

Dumbreck et al BMJ 2015
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Decision Making for Older Adults With 
Multiple Chronic Conditions: American 

Geriatrics Society Guiding Principles

Journal of the American Geriatrics Society, Volume: 67, Issue: 4, Pages: 665-673

NICE Guidelines Multimorbidity
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Italian Guidelines on MM and polypharmacy

…persons with multimorbidity are heterogeneous, and their 
global health status and risk of negative outcomes may vary 
largely… strategies for patients’ stratification are needed to 
identify the most demanding and complex-to-treat groups, 
i.e., those that might benefit most from individualized and 
integrated healthcare approaches. …

Onder G et al. Aging Clin Exp Res 2021

Italian Guidelines on MM and polypharmacy

Recommendation. The Frailty Index can be used to identify persons 
with multimorbidity at risk of unplanned hospital admissions.

Recommendation. Among patients hospitalized or discharged from 
hospital, validated tools such as the Clinical Frailty Scale, Frailty 
Index, and Multidimensional Prognostic Index are recommended 
for identifying those with multimorbidity and limited life expectancy.

Recommendation. In community-dwelling persons, the Charlson
Comorbidity Index, Frailty Index, and gait speed test can be used to 
identify those with multimorbidity and limited life expectancy.

Onder G et al. Aging Clin Exp Res 2021
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AGS guiding principles

Elicit and incorporate patient (and family/caregiver) preferences 
into medical decision making.

Recognize the limitations of the evidence base, and interpret and 
apply the medical literature specifically for this population.

Frame clinical management decisions within the context of harms, 
burdens, benefits, and prognosis (eg, remaining life expectancy, 
functional status, and quality of life).

Consider treatment complexity and feasibility when making 
clinical management decisions.

Use strategies for choosing therapies that optimize benefit, 
minimize harm, and enhance quality of life.

Journal of the American Geriatrics Society, Volume: 67, Issue: 4, Pages: 665-673

AGS guiding principles

Elicit and incorporate patient (and family/caregiver) preferences 
into medical decision making.

Recognize the limitations of the evidence base, and interpret and 
apply the medical literature specifically for this population.

Frame clinical management decisions within the context of harms, 
burdens, benefits, and prognosis (eg, remaining life expectancy, 
functional status, and quality of life).

Consider treatment complexity and feasibility when making 
clinical management decisions.

Use strategies for choosing therapies that optimize benefit, 
minimize harm, and enhance quality of life.

Journal of the American Geriatrics Society, Volume: 67, Issue: 4, Pages: 665-673
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… focus on a patient’s individual health goals 
within or across a variety of dimensions (e.g., 
symptoms; physical functional status, including 
mobility; and social and role functions) and 
determine how well these goals are being met…

Rubern DB NEJM 2012

Goal oriented care

Rubern DB NEJM 2012

1. Individually desired rather than universally applied health
states;
2.It simplifies decision making for patients with multiple 
conditions by focusing on outcomes that span conditions and 
aligning treatments toward common goals
3. It prompts patients to articulate which health states are 
important to them and their relative priority
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Association of Patient Priorities–Aligned Decision-Making 
With Patient Outcomes and Ambulatory Health Care Burden 

Among Older Adults With Multiple Chronic Conditions

Intervention: Patient priorities care, an approach to decision-making that 
includes patients’ identifying their health priorities (ie, specific health 
outcome goals and health care preferences) and clinicians aligning their 
decision-making to achieve these health priorities.

Tinetti ME et al. JAMA IM 2019

Results: Compared with UC patients, PPC patients were more likely to have 
medications stopped (OR, 2.05; 95% CI, 1.43-2.95) and less likely to have self-
management tasks (OR, 0.59; 95% CI, 0.41-0.84) and diagnostic tests (OR, 
0.22; 95% CI, 0.12-0.40) ordered.
Conclusions: This study’s findings suggest that aligning care with patients’ 
priorities may improve outcomes for patients with multiple chronic 
conditions.

Tinetti ME et al. JAMA IM 2019

Association of Patient Priorities–Aligned Decision-Making 
With Patient Outcomes and Ambulatory Health Care Burden 

Among Older Adults With Multiple Chronic Conditions
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AGS guiding principles

Elicit and incorporate patient (and family/caregiver) preferences 
into medical decision making.

Recognize the limitations of the evidence base, and interpret and 
apply the medical literature specifically for this population.

Frame clinical management decisions within the context of harms, 
burdens, benefits, and prognosis (eg, remaining life expectancy, 
functional status, and quality of life).

Consider treatment complexity and feasibility when making 
clinical management decisions.

Use strategies for choosing therapies that optimize benefit, 
minimize harm, and enhance quality of life.

AGS guiding principles

Elicit and incorporate patient (and family/caregiver) preferences 
into medical decision making.

Recognize the limitations of the evidence base, and interpret and 
apply the medical literature specifically for this population.

Frame clinical management decisions within the context of 
harms, burdens, benefits, and prognosis (eg, remaining life 
expectancy, functional status, and quality of life).

Consider treatment complexity and feasibility when making 
clinical management decisions.

Use strategies for choosing therapies that optimize benefit, 
minimize harm, and enhance quality of life.
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Treatment of non dementia illness in 
patients with dementia

Brauner et al. JAMA 2000

AGS guiding principles

Elicit and incorporate patient (and family/caregiver) preferences 
into medical decision making.

Recognize the limitations of the evidence base, and interpret and 
apply the medical literature specifically for this population.

Frame clinical management decisions within the context of harms, 
burdens, benefits, and prognosis (eg, remaining life expectancy, 
functional status, and quality of life).

Consider treatment complexity and feasibility when making 
clinical management decisions.

Use strategies for choosing therapies that optimize benefit, 
minimize harm, and enhance quality of life.

http://jama.ama-assn.org/cgi/pmidlookup?view=long&pmid=10866871
http://jama.ama-assn.org/cgi/pmidlookup?view=long&pmid=10866871
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Fried, T. R. et al. Arch Intern Med 2010

Concerns about older persons' ability to 
adhere to complex medication regimens

AGS guiding principles

Elicit and incorporate patient (and family/caregiver) preferences 
into medical decision making.

Recognize the limitations of the evidence base, and interpret and 
apply the medical literature specifically for this population.

Frame clinical management decisions within the context of harms, 
burdens, benefits, and prognosis (eg, remaining life expectancy, 
functional status, and quality of life).

Consider treatment complexity and feasibility when making 
clinical management decisions.

Use strategies for choosing therapies that optimize benefit, 
minimize harm, and enhance quality of life.
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Avoid un-necessary drugs
Herbal medications

Herbal meds: 

- Not regulated 

- No proofs of safety 

and efficacy 

- Contamination

- Concentration (?)

- Side effects

Onder G et al. JAMA 2016

Onder G et al. JACC 2017

NICE Guidelines Multimorbidity
• Discuss the purpose of an approach to care 

that takes account of multimorbidity
• Establish disease and treatment burden
• Establish patient goals, values and priorities
• Review medicines and other treatments

taking into account evidence of likely
benefits and harms

• Agree an individualised management 
plan with the person
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Italian guidelines on multimorbidity

To achieve optimal outcomes in persons with multimorbidity and/or 
polypharmacy, the following principles concerning the interaction of 
healthcare professionals and patients are recommended:

1. Identify health trajectories, clinical care needs, and person preferences 
for their care plan.

2. Agree on an individualized care plan that takes into account the 
interaction between chronic disease and drug treatments, as well as 
personal preferences about care and living environment.

3. Educate patients and/or caregivers about the use of medications and 
support self-management of treatment, while increasing their knowledge on 
the risks and benefits of polypharmacy and providing information about 
deprescribing procedures.

Onder G et al. Aging Clin Exp Res 2021

To implement an optimal approach to patients with multimorbidity and/or 
polypharmacy, healthcare professionals should consider the following 
principles:

1. Contextualize the scientific evidence.

2. Assess the benefit/risk ratio of using specific guidelines for single 
diseases, in light of the patients´ clinical and social care characteristics and 
personal preferences.

3. Use drugs with documented efficacy, at the minimum effective dose, 
with the lowest number of dosage units and daily administrations.

4. Look out for adverse drug reactions due to drug interactions (including 
drug-drug, drug-disease, drug-food, drug-dietary supplement interactions) 

Italian guidelines on multimorbidity

Onder G et al. Aging Clin Exp Res 2021
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Outline

• What are multimorbidity and polypharmacy?

• Approaches?

• Biology of multimorbidity

Biological Mechanisms of Multimorbidity?

• Biological mechanisms of aging increases the susceptibility of 
aged individuals to several chronic diseases and loss of 
function
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Time and the Metrics of Aging

Disease development

Ferrucci et al. Circ Res 2018

Inflammaging

Ferrucci et al Nature Reviews Cardiology 2018
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Biological Mechanisms of Multimorbidity?

• Biological mechanisms of aging increases the susceptibility of 
aged individuals to several chronic diseases and loss of 
function

• These mechanisms are not fully defined

The hallmarks of aging

A major challenge is to 
dissect the 
interconnectedness between
the candidate hallmarks and 
their relative contributions
to aging, with the final goal 
of identifying pharmaceutical
targets to improve human 
health during aging, with 
minimal side effects.

Lopez-Otin et al. Cell 2013
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Biological Mechanisms of Multimorbidity?

• Biological mechanisms of aging increases the susceptibility of 
aged individuals to several chronic diseases and loss of 
function

• These mechanisms are not fully defined

• Therapies developed to target such shared ‘drivers’ have the 
potential to delay the onset and progression of multiple 
chronic diseases and functional decline

JAMA Sept 2018
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TAME trial – Aging as a target

TAME will mark a paradigm

shift, moving from treating

each medical condition to 

targeting aging per se

Barzilai N et al. Cell Metabolism 2016 

TAKE HOME MESSAGE

• Multimorbidity highly prevalent

• Polipharmacy consequence of multimorbidity

• Individualized approach of multimorbidity

• Understanding of biological mechanisms is important to 
target interventions


