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What are we less certain about?
Multimorbidity 2.0

What do we already know?
Multimorbidity 1.0 



1) It is the most common chronic condition



2) It is related to negative health outcomes



3) Patient-centred medicine should guide practice



Some questions…
• Is the threshold of 3+ 

diseases clinically relevant?

• Is targeting multimorbidity 
enough? 

3) Patient-centred medicine should guide practice



2+ diseases

…the 2+ cut-off poorly captures the 
heterogeneity in older adults’ health status…

Calderón-Larrañaga, J Gerontol A Biol Sci Med Sci (2016)



What are we less certain about?
Multimorbidity 2.0

What do we already know?
Multimorbidity 1.0 



How should the burden of multimorbidity 
be operationalized to make it a meaningful 
concept both from the research and clinical 
perspectives?

Multimorbidity 2.0



Swedish National Study on Aging and Care –
Kungsholmen

https://www.snac-k.se/

https://www.snac-k.se/


Data-driven identification of multimorbidity patterns

• Diseases are NOT distributed randomly

• Diseases CLUSTER

• The global burden of morbidity is HIGHER that the simple sum of 
isolated diseases

How should multimorbidity be operationalized?
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Trajectories of multimorbidity patterns

Vetrano DL, ..., Calderón-Larrañaga A & Marengoni A, Nat Communications (2020)



Longitudinal clusters
Unspecific group
• Younger participants
• Lower morbidity and less drugs
• ↑ Cardiometabolic risk factors
• Major contributor to future clusters

❶

Group at risk of developing
more severe multimorbidity

Potential target for preventive
strategies

Trajectories of multimorbidity patterns

Vetrano DL, ..., Calderón-Larrañaga A & Marengoni A, Nat Communications (2020)



Longitudinal clusters
CV, NP and respiratory diseases
• Higher mortality compared with the 

unspecific group
• Both at baseline and six years ❷

Trajectories of multimorbidity patterns

Vetrano DL, ..., Calderón-Larrañaga A & Marengoni A, Nat Communications (2020)



Longitudinal clusters

Transitions between clusters
• Disease complications
• Shared risk factors
• Shared pathophysiology
• Iatrogenic phenomena ❸

Understanding transitions to 
identify:
- Preventive/therapeutic strategies
- Future care needs

Trajectories of multimorbidity patterns

Vetrano DL, ..., Calderón-Larrañaga A & Marengoni A, Nat Communications (2020)



Speed of multimorbidity accumulation

• Underlying mechanism: progressive loss of resilience and homeostatic 
multisystem dysregulation

• Proxy for the speed of biological aging

How should multimorbidity be operationalized?

Ferrucci L et al. Circ Res (2018); Fabbri E et al. J Gerontol A Biol Sci Med Sci (2015)
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Association with life-long risk factors

Dekhtyar S, ..., Calderón-Larrañaga A, Am J Epi (2019)



*

*

Models adjusted for: time, age, sex, education, marital 
status, SES, smoke, alcohol, BMI  

Association with depression severity

Triolo F et al, Unpublished

Depression status N=3042

No Depression 90%

Subsyndromal 
Depression 

4%

Minor Depression 5%

Major Depression 1%



Models adjusted by sex, age, education level, physical activity, smoking, alcohol consumption, BMI, presence of 
depression (MADRS score > 9) except for the model with NP diseases as the outcome, presence of pain, 
psychotropic medication, and presence of any chronic disease.

Association with sleep disturbances

Sindi S, ..., Calderón-Larrañaga A, BMC Medicine (2020)



Models are adjusted by education, age at baseline, sex and time to death during follow-up. 

Association with 
BMI trajectories

Calderón-Larrañaga A, Clin Nutr (2021)



Serum biomarkers: total gluthatione

Pérez LM, ..., Calderón-Larrañaga A, J Gerontol A Biol Sci Med Sci (2019)



Pleiotropic functions: 
• DNA synthesis and repair
• Lipidic metabolism 
• Telomere length
• Oxidative stress
• Inflammation
• DNA methylation

Serum biomarkers: homocysteine and methionine 

Calderón-Larrañaga A, JAMA Netw Open (2020)
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Interplay with function/frailty

How should multimorbidity be operationalized?

Calderón-Larrañaga A, Vetrano DL et al. JIM (2019)

Multimorbidity and functional impairment: bidirectional interplay, synergistic effects and 
common pathways
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http://www.multimorbidity2018-stockholm.se/

http://www.multimorbidity2018-stockholm.se/


Vetrano DL et al.  Adapted from J Geront Med Sci (2018)



NICE guideline (summary)



• In older people, considering multimorbidity as a yes/no 
phenomenon has low discriminative power 

• Clinical trajectories of older adults with 
multimorbidity are complex and dynamic, but can be 
assessed

• Exploring patterns and speed of disease accumulation 
are promising models to study the dynamics of aging

• Functional status provides complementary prognostic 
information, especially among the oldest old

Conclusions
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