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¿Cuánto dura la vida?
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Nature, October 2016

LONGEVIDAD VS. FUNCIONALIDAD

Parttridge et al, Nature 2018
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Goetzl EJ. FASEB J. 2011 

Mitochondria decay with age in skeletal muscle

“ The aim of 
Gerontology is
not to prolong

the life time, but
to minimise

disability and 
dependency in 
the elderness”  

Dr. Nathan W Shock

(1908-1990)

Frail Mouse ModelHealth span vs lifespan
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1. Clinical manifestation

2. Pathophysiology

3.   Prognostic value

4. Efficiency marker

From disease to function

DISEASE FUNCTION

A

G

E

Clinical management

TOTALLY DIFFERENT



Disability, more than multimorbidity, 
predicts mortality in advanced age
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Time until the first hospitalization
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The Energetic Pathway to Mobility Loss: An Emerging 
New Framework for Longitudinal Studies on Aging

Jennifer A. Schrack, J Am Geriatr Soc . 2010 October ; 
58(Suppl 2): S329–S336.



C. Age-related Frailty

Entropic Forces

Risk 

accumulation 

and homeostatic  

mechanisms 

dysfunction

Disability

Clinical 

Detection

Studenski S. J Nutr Health Aging 2009;13:729-

32

Ferrucci L et al. Genus 2005;LXI:39-53



Fig. 2. General scheme of the hypothesis underlying MITOFUN. CVD: Cardiovascular Diseases; DM: Diabetes 
Mellitus; COPD: Chronic Obstructive Pulomary Disease; OA: Osteoarthritis; D: Depression; TDU: 

Transcraneal Doppler Ultrasound; MEG: Magnetoelectroencephalography
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SARCOPENIA

Sedentary 

lifestyle

Obesity

Insulin resistance

Vascular dysfunction

Inflammation

AGING

Low testosterone

CHRONIC 

DISEASES

Strength 

and 

power

VO2max

Physical 

performance

Activity

Energy 

expenditure
Chronic 

undernutrition

Cycle of frailty Cycle of inactivity

Angulo J, El Assar M, Rodríguez-Mañas L. Mol Aspects Med, 2016
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Oxidative 

stress

Inflammation  

UNSUCCESSFUL AGING

Oxidative 

stress

Inflammation  

VulnerabilityROBUSTNESS
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lifestyle, 
EXERCISE
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disease

Sedentary
life style

Physiological 

response to 
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response to 

stress
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HMOX2

SOD2
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FRAILTYEl Assar M, Angulo J, Rodríguez-Mañas L.

J Physiol 2016
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Figure 2. Effects of aging and illness on muscle mass

Argiles JM, Campos M, López-Pedrosa JM, Rueda R, Rodríguez-Mañas L, JAMDA 2016



Disability

“Failure to thrive”
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Pérdida progresiva de la capacidad para responder a las demandas

REVERSIBLE DIFÍCILMENTE REVERSIBLE

Ferrucci et al., 2002; Gill, Gahbauer, Allore, & Han, 2006; Strandberg & Pitkala, 2007; 

Xue, 2011; Pahor et al., 2014

ROBUSTEZ DISCAPACIDAD



USUAL

TIME

Frailty: a Complex Syndrome of Increased 
Vulnerability
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Chronic 
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•Institutionalization

•Death

Candidate 
markers

•Nutrition

•Mobility

•Activity

•Strength

•Endurance

•Cognition

•Mood

REVERSIBILITY
Prevent/Delay Frailty

Health Promotion and Prevention

Delay Onset

Delay/Prevent 
adverse outcomes, care Age

APPROPRIATE

TIME
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Lancet, March 2015



INDEPENDIENTE-ROBUSTO

DEPENDIENTE-DISCAPACIDAD

???????
FRAGILIDAD 

Envejecer… pero a qué precio?



Necesitamos

diagnosticar

las situaciones

que preceden la

discapacidad

para intervenir

“a tiempo”



SÍNDROME DE FRAGILIDAD

Pérdida progresiva de la capacidad para responder a las demandas

REVERSIBLE DIFÍCILMENTE REVERSIBLE

Ferrucci et al., 2002; Gill, Gahbauer, Allore, & Han, 2006; Strandberg & Pitkala, 2007; 

Xue, 2011; Pahor et al., 2014

FRAGILIDADROBUSTEZ DISCAPACIDAD



The functional continuum
R

O
B

U
S

T
N

E
S

S

L
O

W
F
U

N
C

T
I
O

N
A

L
R

E
S

E
R

V
E

D
IS

A
B

IL
IT

Y
-D

E
P

E
N

D
E

N
C

Y

SE
V

ER
E 

D
EP

EN
D

EN
C

Y

D
E

A
T

H

Isolated

Physiological

Vulnerability MULTYSYSTEMIC

IMPAIRMENT

Multiple

Non-reversible

conditions

INTRINSIC CAPACITY
SPECTRUM



+ 

FRAILTY

MULTIPLE DISEASES CONDITIONS

Partridge L. et al., Nature, 2018 





DEMOGRAPHIC

TRANSITION

JAMDA, 2017

EPIDEMIOLOGIC

TRANSITION

CLINICAL

TRANSITION



Robust Frail Functional 

Limitation

Disability Dependency

Definition

Interventions to 

improve quality 

and outcomes -
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delay further 
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Potential reversibility of 
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Frailty as a dynamic functional state 

CARE FOCUSED ON

Preventing
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Disability

Treating
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Preventing

Dependency

Treating
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Gomez Huelgas R et al., Rev Clin Esp 2018

70%



Gregg EW et al., Lancet 2018



Cognitive dysfunction should be added to the list of the complications of diabetes,
along with retinopathy, neuropathy, nephropathy and cardiovascular disease.

The frail, elderly patient with diabetes  

• Older persons with diabetes are at 
higher risk than those without 
diabetes of:
– Cancer mortality and vascular 

deaths 

– Functional disability

– Geriatric syndromes:
depression

– Falls and fractures

– Geriatric syndromes: cognitive 
impairment

Ageing and
Diabetes

Cognitive
dysfunction

Falls and
fractures

Functional
disability and
depression

Cukierman T, et al. Diabetologia. 2005;48(12):2460-9.

CV disease,
cancer and
all cause

morbidity/
mortality



Diabetes is associated with higher risk

of frailty after 3.5 yrs of follow-up. This

risk is explained by,

✓Unhealthy behaviour

✓Poor glycemic control

✓Altered serum lipid profile (HDL)

Only levels of HbA1c > 8% provides

an increase risk of frailty/functional

decline in older adults

Kalyani et al., Diabetes Care 2010

Kalyani et al., JAGS 2012



COGNITIVE FUNCTION AND MOOD

DM: ↑ RISK OF COGNITIVE IMPAIRMENT AND DEMENTIA

COGNITIVE IMPAIRMENT:

• Poor adherence to treatment
•↑ hypoglycemias and < resolution 
capacity

DEPRESSION:

•Poor glycemic control
•Poor adherence to treatment
•Disabling disease and poor quality of 
life

ASSESSMENT OF COGNITIVE FUNCTION

BENEFITS

•To detect dementia in the earliest stages
•To fit medication to the condition of the patient
•Optimise CVRF control
•Improvement in quality of life of both the patient 
and the carer and the costs associated to the 
disease



DIABETES AND 
FUNCTION

DIABETES FUNCTION
IMPAIRS

MANAGEMENT



Frailty, but not disease, accounts for the excess of mortality and disability risks, in older people with DM

(Toledo Study of Healthy Ageing)

 Model 1. Death with Charlson 

 FTS  Rockwood FS 
Variable HR LL UL  HR LL UL 
Age 1,068 1,022 1,116  1,075 1,037 1,114 

Sex (female) 0,510 0,328 0,795  0,540 0,366 0,797 
Charlson Index 1,009 0,894 1,138  0,987 0,882 1,104 
Disability 1,292 0,748 2,231  1,095 0,653 1,839 
Frailty I.* 1,042 1,025 1,059  1,063 1,041 1,085 

Frailty I.** 1,229 1,134 1,333  1,356 1,222 1,503 
Frailty I.*** 1,511 1,286 1,776  1,838 1,494 2,260 

	

 Model 3: Incident disability with Charlson 

 FTS  Rockwood FS 
Variable OR LL UL  OR LL UL 
Age 1,051 0,980 1,127  1,092 1,026 1,161 

Sex (female) 1,475 0,759 2,868  2,077 1,152 3,744 
Charlson Index 1,129 0,951 1,341  1,042 0,879 1,235 
Frailty I.* 1,031 1,005 1,058  1,053 1,012 1,095 
Frailty I.** 1,165 1,025 1,325  1,292 1,060 1,576 

Frailty I.*** 1,358 1,050 1,757  1,670 1,123 2,482 

	

*

*

*

Castro M et al., JAMDA 2016



¿ Cuánto tiempo se tarda en alcanzar dichos 
beneficios?

JAMA 2013; 310: 2609-10



Lo que ha de ocurrir despues de la muerte….

….simplemente, no ocurre



INE. Anuario Estadístico, 1997.
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The consequences of hypoglycaemia

Hypoglycaemia

Cardiovascular

complications3

Weight gain by 

defensive eating5

Coma3

Increased risk 

of car accident6

Hospitalisation 

costs4

Loss of 

consciousness3

Increased risk 

of seizures3

Death2,3

Increased risk 

of dementia1

1Whitmer RA, et al. JAMA. 2009; 301: 1565–1572; 2Bonds DE, et al. BMJ. 2010; 340: b4909; 
3Barnett AH. Curr Med Res Opin. 2010; 26: 1333–1342; 4Jönsson L, et al. Value Health. 2006; 9: 193–198;
5Foley JE, Jordan J. Vasc Health Risk Manag. 2010; 6: 541–548; 6Begg IS, et al. Can J Diabetes. 2003; 27: 128–140; 
7McEwan P, et al. Diabetes Obes Metab. 2010; 12: 431–436.

Reduced 

quality of life7



Safety of Sitagliptin in Elderly Patients With T2DM in TECOS: Primary and Key 
Secondary Outcomes in the Elderly vs Nonelderly Cohorts1

Adapted with permission from Bethel MA et al.1 

T2DM = type 2 diabetes mellitus; TECOS = Trial Evaluating Cardiovascular Outcomes With Sitagliptin; HR = hazard ratio; CI = c onfidence interval; 

MACE = major adverse cardiovascular events.

1. Bethel MA et al. Diabetes Care. 2017. doi: 10.2337/dc16-1135.
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All Participants (N=14,351)
Elderly (≥75 years) vs Nonelderly (<75 years)

Outcome HR (95% CI) P Value

4-point MACE 1.72 (1.52, 1.94) <0.001

3-point MACE 1.86 (1.63, 2.11) <0.001

Hospitalization for heart failure 1.48 (1.18, 1.87) <0.001

Hospitalization for heart failure or death 2.02 (1.75, 2.34) <0.001

All-cause mortality 2.52 (2.20, 2.89) <0.001

Acute pancreatitis 1.17 (0.48, 2.83) 0.727

Pancreatic cancer 1.52 (0.56, 4.14) 0.408

Charter defined malignancy 1.76 (1.43, 2.15) <0.001

Severe hypoglycemia 1.53 (1.15, 2.03) 0.004

Bone fracture 1.84 (1.44, 2.35) <0.001



Safety of Sitagliptin in Elderly Patients With T2DM in TECOS: Primary and 
Key Secondary Outcomes in the Elderly Cohort by Treatment Group1

Adapted with permission from Bethel MA et al.1 

T2DM = type 2 diabetes mellitus; TECOS = Trial Evaluating Cardiovascular Outcomes With Sitagliptin; HR = hazard ratio; CI = c onfidence interval; 

MACE = major adverse cardiovascular events.

1. Bethel MA et al. Diabetes Care. 2017. doi: 10.2337/dc16-1135. 

Elderly (≥75 Years) Participants (N=2,004)
Sitagliptin vs Placebo

Outcome HR (95% CI) P Value

4-point MACE 1.10 (0.89, 1.36) 0.40

3-point MACE 1.01 (0.81, 1.26) 0.94

Hospitalization for heart failure 0.99 (0.65, 1.49) 0.94

Hospitalization for heart failure or death 1.00 (0.77, 1.29) 0.99

All-cause mortality 1.05 (0.83, 1.32) 0.71

Acute pancreatitis 2.01 (0.36, 11.04) 0.42

Pancreatic cancer 0.28 (0.03, 2.50) 0.25

Charter defined malignancy 0.95 (0.67, 1.36) 0.78

Severe hypoglycemia 1.03 (0.62, 1.71) 0.92

Bone fracture 1.21 (0.78, 1.85) 0.40
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Sitagliptin and Risk of Fractures in T2DM in TECOS: 
Cumulative Incidence of Fracture1

Kaplan-Meier Estimated Cumulative Incidence of Any Fracture According to Treatment Assignment

Adapted with permission from Josse RG et al.1  

aUnadjusted HR.
T2DM = type 2 diabetes mellitus; TECOS = Trial Evaluating Cardiovascular Outcomes With Sitagliptin; HR = hazard ratio; CI = confidence interval.

1. Josse RG et al. Diabetes Obes Metab. 2017;19:78–86.
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DM ALONG THE TIME

1922

PRE-

TREATMENT

¡¡FIRST TREATMENT WITH INSULIN!!

POST-

TREATMENT

Focus on

• Type 1 DM

• Children/Young people

• To Save lives

• Starvation

http://www.google.es/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=N9b7BtSZiaeQ7M&tbnid=Fw513Bu3tO3MiM:&ved=0CAcQjRw&url=http://www.divulgame.net/ciencia/nada-dulce-historia-descubrimiento-insulina&ei=Pm8sVKnlLIurPKiRgdAP&psig=AFQjCNGvkAczI7rdJh5CTVjMk1QJxUwdPA&ust=1412284552082915


1976

Abdominable

Focus on

• Type 2 DM

• Middle-age people

• To Save lives

• CVD

DM ALONG THE TIME



2018

Focus on

• Type 2 DM

• Older adults

• To avoid disability

• To avoid dependency

DM ALONG THE TIME

¡LA DECIMOTERCERA!



✓ Para evitar las consecuencias de la

DM sobre la función

✓ En el marco temporal adecuado

Pero tambien

✓ Para evitar consecuencias

no deseadas de los tratamientos

OBJETIVOS

nuevos retos, nuevas situaciones,

SIGNIFICAN

nuevos servicios con nuevos objetivos



Defining	functional	
categories	

Defining	functional	categories	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

Initial	clinician	
assessment	

Vascular	complications	
profile	

	

Physical	

function/frailty/cognition	

Comorbidities/Drugs	
	

Consideration	of	Findings		
Total/active	life	expectancy	

Risk	of	complications	
Competing	risks	

Need	for	carer/social	support	
Hypoglycaemia	and	ADR*	risk	

Individualised	management	of	the	patient	
Nutrition,	physical	activity/exercise,	drugs,	level	of	care,	coordination	of	

care		

	

Independent																									Frail																														Physical/																		End	of	life	
robust		 	 																									cognitive	impairment	

	

Focus	on	disease	

Focus	on	function	

ADR:	adverse	drug	
reaction	

Sinclair AJ, Dunning T, Rodriguez-Mañas L

Lancet Diabetes Endocrinol. 2015 Apr;3(4):275-285



Clinical assessment of older people with DM

Preferences of the 
patient

Function and life 
expectancy

Polypharmacy

Risk of hypos

Comorbidities and 
risk factors

Cognitive function

Social isolation and 
loneliness

Nutritional status

Depression

Factors influencing the management of older 
people with diabetes

Sinclair AJ. Diabetes Spectrum. 2006;19(4):229-33.



• LIFE STYLE MODIFICATIONS (PE and NUTRITION)
• DRUGS ALLOWING TO ACHIEVE THE TARGETS BUT…
• WITH THE LOWEST RISK OF ADVERSE REACTIONS

– HYPOS
– FALLS/FRACTURES

INDIVIDUALIZATION OF TARGETS AND 

TREATMENT





AGS-ADA

IAGG-Experts-EDWPOP

EDWPOP (2011)

(2012)

(2012)



IDF GUIDELINES-DECEMBER 2013





Lipska KJ et al, JAMA 2015

Overtreatment of hyperglycemia in older people

UNITED STATES OF AMERICA SPAIN

Distribution of the values

of HbA1c in 7269 patients ≥ 65 yrs.

Formiga F et al, JNHA 2017





Gómez-Huelgas y cols., Rev Clin Esp 2017



Lack of Evidence-Based Practice in Treating 
Older People with Diabetes 

A cause for concern?

• No large-scale intervention 
studies in older people which 
focus on functional outcomes

• Extrapolated evidence of 
benefit for glucose-lowering 
only – UKPDS data; Steno-2; 
EMPAREG

• No evidence to support 
glucose-lowering in residents 
(patients) of nursing homes

• No longer term studies in frail 
older subjects

Modified from Sinclair AJ



 Multi-modal Intervention 
(fitted clinical targets, 
education, diet and exercise)
in older people with 
Diabetes to improve  frailty 
and quality of life.

Professor Leocadio Rodriguez-Mañas
Project Co-ordinator

Professor Alan Sinclair
Scientific Co-ordinator



T E SIS  D OC TOR A L

COUNTRIES

Spain

United Kingdom

France (Toulouse 

and Bordeaux)

Italy

Belgium

Czech Republic

Germany



T E SIS  D OC TOR A L

PRIMARY OBJECTIVE

To evaluate, in comparison with usual clinical practice,
the effectiveness of a multi-modal intervention
(education, adecuation of HbA1c and BP targets and
strength exercise program) in frail and pre-frail
subjects aged ≥ 70 years with T2D in terms of the
difference in function 12 months post randomization,
according to changes in score on the SPPB



T E SIS  D OC TOR A L

INTERVENTION GROUP (IG)

✓ Exercise program (Resistance exercise MMII): Twice *week (16 weeks)

Leg 

extension

Seated bench 

press





T E SIS  D OC TOR A L

INTERVENTION GROUP (IG)

✓ Educational program: 7 group sessions

o 1. Diabetes in the elderly

o 2. Nutrition

o 3. Physical activity

o 4. Complications

o 5. Tratment with oral drugs

o 6. Treatment with insuline

o 7. Hypoglycaemia



T E SIS  D OC TOR A L

INTERVENTION (IG)

Optimisation of glycaemic and blood pressure control
HbA1c:  7-8% (9.6-11.6 mmol/L)
BP <150/90 mmHg

USUAL CLINICAL PRACTICE (UCG)

Level of routine care a patient with diabetes
will normally be expected to receive from
his/her local healthcare system



828

654

Mean Age: 78 yr

Females: 49.1%

Diagnoses: 5.7/patient

Years since diagnosis: 16.7



*
* * *≈

≈
≈

≈

≈ p< 0.01 vs UCG

* P < 0.01 vs baseline

MAIN RESULTS



B           10w.      18w.     26w                                 53w

16 w

PEP+E

RETARGETING GLUCOSE AND BP

MAIN RESULTS



TOTAL COSTS



COST-EFFECTIVENESS



PROTOCOL

STUDY
PROCEDURES

INFORMED
CONSENT

FORM

eCRF

ERB
SUBMISSION/APPROVALS

Country

coordinator

Peru Colombia Chile ArgentinaMexico

5 TS
41 subjects

5 TS
41 subjects

5 TS
41 subjects

5 TS
41 subjects

5 TS
41 subjects

5 countries

25 Trial sites
1025 participants

INTERVENTION

GROUP (IG)

USUAL CARE

GROUP (UCG)

Data capture

Database
Analysis plan

Validation + Feasibility reportSCALING-UP

Green light
(Activation of sites)

DIABFRAIL-LATAM
H2020



Elderly
people

Mitochondria decay with age in skeletal muscle
Exercise and Aging 

Exercise, Mitochondriogenesis and Aging

Mitochondriogenesis and Aging

Aging and Sarcopenia

http://www.cybaea.net/images/openclipart/people/stickmen/blueman_108_01.png


MUCHAS GRACIAS

e.mail: leocadio.rodriguez@salud.madrid.org


