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Supplementary Table 1 Compliance to intervention
	
	All
	Intervention 
	Control
	Estimate (95%CI)
	P for logistic regression* or Chi2 with yates correction

	Number of vibration sessions M0-M0.5
Median/IQR
	
14 / 6
	
13.5 / 6
	
14 / 3
	
-0.41 (-1.37-0.56)
	
0.410

	Number of vibration sessions M0.5-M1
Median/IQR
	
14 / 6
	
13.5 / 10
	
14 / 3
	
-066 (-1.67-0.355)
	0.203

	Compliance: > 22 sessions M0-M1, Y/N
	34 / 14
	14 / 10
	20 / 4
	
	0.112



Supplementary Table 2 Safety, falls, admission to nursing home, hospitalization during follow-up
	
	Intervention
N=27
	Control (Placebo)
N = 29

	Visit 
	M0-M1
	M1-M6
	M0-M1
	M1-M6

	Fallers (1 or > last month)
	
3
	
3
	
1
	
0

	New admission in nursing home
	0
	0
	0
	0

	Hospitalization
	1
	1
	0
	1

	Adverse events
	
	
	
	

	Heart failure decompensation and dialysis 
	1
	
	
	

	Bronchitis
	
	
	1
	

	Hypoglycemia
	1
	5
	0
	0

	HbA1c increase
	2
	
	
	

	Knee pain
	1
	
	
	

	Vomiting, dizzy feeling
	
	
	1
	

	Zona
	
	
	1
	

	Foot wound
	1
	
	0
	0

	Dermo-hypodermitis
	1
	
	
	

	Skin mycosis foot
	
	
	
	1

	Vagal discomfort
	
	1
	
	

	Foot and sacrum pressure ulcer
	
	1
	
	

	Urinary tract infection (sepsis)
	
	1
	
	

	Death
	
	
	
	1

	Fracture of the upper extremity of the femur
	
	2
	
	

	Endocarditis
	
	
	
	1





Study protocol
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1. [bookmark: _Toc343274462]
French abstract
SENSOLE (Mid-FRAIL sub-study)
A RANDOMIZED CLINICAL TRIAL TO EVALUATE THE EFFECTIVENESS OF A MULTI-MODAL INTERVENTION IN OLDER PEOPLE WITH TYPE 2 DIABETES ON FRAILTY AND QUALITY OF LIFE: THE MID-FRAIL STUDY
[image: ]


Promoteur: Fundación para la investigación biomédica del Hospital Universitario de Getafe
Financement: projet européen
Coordinateur scientifique: Prof. BOURDEL-MARCHASSON Isabelle
CHU de Bordeaux, Hôpital Xavier Arnozan, 
33604 Pessac 
Téléphone : +33 (0)5 57 65 65 71-Fax +33 (0)5 57 65 65 60
isabelle.bourdel-marchasson@chu-bordeaux.fr
Justification / Contexte: 
Le diabète est une maladie handicapante en raison de ses complications spécifiques associées à des co-morbidités fréquentes telles que l'obésité, l'arthrose ou la dépression. Le vieillissement auquel se surajoute les effets du diabète est associé à une atrophie corticale, une diminution de l'excitabilité et de la plasticité corticale aboutissant à des déficits mesurables des facultés cognitives ainsi que des fonctions somato-sensorielles et motrices. Lorsque l'on regarde plus spécifiquement l'intégration somatosensorielle, la complication à long terme la plus commune chez les diabétiques est la polyneuropathie sensitivomotrice impliquée dans le "pied diabétique". La polyneuropathie sensitivomotrice conduit progressivement à une dégénérescence des fibres nerveuses autant motrices que sensorielles, ce qui, à terme, entraîne une perte de sensibilité des mécanorécepteurs. Les principaux mécanorécepteurs atteints étant les récepteurs cutanés de la voûte plantaire, la polyneuropathie sensitivomotrice affecte de fait le contrôle postural. 
Dans ce contexte, de précédentes études ont montré que la superposition d'un bruit (selon une résonance stochastique) infraliminaire était susceptible d'augmenter la détection des informations sensorielles au niveau des récepteurs stimulés et leur transmission. L'intérêt de l'application de telles vibrations (semelles vibrantes déposées par HEXABIO-SA) devient alors majeur chez le diabétique âgé fragile. 
L'intervention SENSOLE comprend deux parties. SENSOLE part I a démontré l'absence de post-effets délétères sur la posture. SENSOLE part II a donc l'objectif d'évaluer un usage quotidien à domicile des semelles et d'évaluer leurs effets sur la posture. 
Objectif principal: évaluer l'impact des semelles sur l'équilibre pendant la marche notamment au travers de la vitesse de marche sur 4m du Short Physical Performance Battery (SPPB). 
Objectifs secondaires:
En fonction du temps et des caractéristiques des patients: évaluer l'équilibre postural au travers des tests TUG, équilibre et vitesse de marche du SPPB, équilibre statique sur plate-forme de force; degré de neuropathie; glycation par autofluorescence, compliance des patients dans les séquences à domiciles (nombre de séquences commencées et totalement réalisées)
Schéma de la recherche: étude randomisée, multi-centrique, groupe contrôle
Critères d'éligibilité: 
· Critères d'inclusion: patients âgés de 70ans et plus, diagnostiqués diabétiques de type 2 depuis au moins 2 ans, correspondant au phénotype fragile ou pré-fragile de Fried (perte de poids, fatigue, diminution de l'activité physique, diminution de la vitesse de marche, diminution de la force musculaire)
· Critères de non-inclusion: Barthel score inférieur à 60pts, incapacité à réaliser le test SPPB, score MMSE inférieur à 20pts, incapacité à donner son consentement, impossibilité de suivi, ulcérations ou infection de la voûte plantaire, incapacité à comprendre les instructions de la procédure à domicile, port d'un pace-maker. 
Intervention: semelles vibrantes de HEXABIO-SA.
Les patients utilisent les semelles à leur domicile en position assise. Une séquence de vibration par jour pendant 1 mois devra être effectuée (30 semelles seront fournies par HEXABIO-SA à cet effet).
Critère de jugement principal: vitesse de marche sur 4m (ms) du test SPPB.
Critères de jugement secondaires:
En fonction du temps et des caractéristiques des patients:
· Score (/4) et longueur du pas (cm) du test de marche du SPPB; 
· Score aux tests d'équilibre du SPPB (/4); 
· Score au TUG (ms)
· Mesures posturographiques
	Coordonnées du Centre des Pressions (CoP) des pieds droit et gauche, et les coordonnées du CoP résultant selon les axes x et y (mm)
	Variabilité spatiale (mm²) selon les axes x et y
	Stratégie de contrôle postural: vitesse moyenne (mm.s-1) et variance (mm) du CoP selon les axes x et y
	Trajectoire du centre de gravité (CG): aire (mm²) et vitesse moyenne (mm.s-1) selon les axes x et y
	Moment d'inertie (CoP - CG): aire (mm²) et vitesse moyenne (mm.s-1) selon les axes x et y
· Neuropathie: nombre de réponses correctes (/3) au test au monofilament au niveau de la 1ère et 5ème articulation métacarpophallangienne et du talon, seuil de perception à une vibration mécanique appliquée au niveau du gros orteil, malléole et rotule (neuro-esthésiomètre);
· Mesure non invasive des produits avancés de glycation par autofluorescence cutanée;
· Compliance des procédures de vibration à domicile: nombre de séquences commencées et nombre de séquences complètes effectuées.
Taille de l'étude: Soixante patients seront recrutés dont 30 patients au CHU de Bordeaux et 30 à Cardiff (Institute of Diabetes for Older People). 
Nombre prévu de centre(s): 2
Durée de la recherche: 2 ans
Analyses statistiques:
Le plan et analyses statistiques sont réalisés par Cardiff University and Universidad de Castilla-La Mancha
Les effets des semelles sur les différents paramètres mesurés seront analysés à l’aide d’une ANOVA à mesures répétées. Les interactions avec le degré de neuropathie ou des produits avancés de glycation seront également analysées à l’aide de test post-hoc. 
Retombées attendues:
Développement de l'activité clinique dans le domaine de la qualité de vie et de l'activité physique chez les personnes âgées atteintes de diabète;
Construire/consolider un réseau européen dans le domaine du soin chez les personnes âgées atteintes de diabète;
Valider une éducation thérapeutique spécifique de la personne âgée atteinte de diabète
Exploitation et dissémination (enseignements, conférences)
2. [bookmark: _Toc302381934][bookmark: _Toc302401138][bookmark: _Toc343274463]
INTRODUCTION
2.1. [bookmark: _Toc302381935][bookmark: _Toc302401139][bookmark: _Toc343274464]Rationale
Diabetes is a disabling disease due to specific complications, associated disorders such as obesity, arthritis, or depression and social factors (see [1] for review). However, the excess of disability risk was not fully explained by these factors in most of the longitudinal epidemiological studies. Furthermore, older people with diabetes complain for weakness and have a higher rate of strength decline than older people without diabete[2,3]. The lower quality of muscle due to diabetes could indeed share some characteristics with ageing supporting the idea of an accelerated muscle aging seen in people with diabetes.  
Aging majored by diabetes, is associated with cortical atrophy, and reduced cortical excitability and plasticity leading to measurable deficits in cognition, somatosensory, and motor function ([4,5] for reviews). Muscle weakness is for example partially due to a failure in the nervous system's ability to fully activate motor neurons[6]. When dealing with somatosensorimotor integration the most common long-term diabetic complication is constituted by diabetic sensorimotor polyneuropathy (DSP), involved in the pathogenesis of the diabetic foot[7]. DSP is known to affect both sensory and motor nerves, to lead to progressive fibre degeneration (American Diabetes Association, 1988;[7]), and perception sensory loss via increased sensory thresholds of mechanoreceptors and changes in the characteristics of the afferent fibers[8,9]. Overall, reduction in density and sensitivity of dermal mechanoreceptors, rigidity and inelasticity of the surrounding dermal tissue, and peripheral nerve degeneration may all contribute to age-related decreases in cutaneous sensitivity.
It is worth noting that the ability to maintain balance during standing results from shear stresses and changes in pressure, related to changes in the centre of mass position, are mediated by the plantar mechanoreceptors. Consequently, the loss of somatosensory information from the feet cutaneous mechanoreceptors in elderly and/or diabetic patients leads to postural instability[10-14], increased risk of falling, and dependancy.
In this context, Pripalta and coll.[14,15] have suggested that a somatosensory stimulation may improve balance control in these patients. It has been indeed shown that noise can enhance the detection and transmission of weak signals in sensory systems via a stochastic resonance mechanism ([16] for a review) This phenomenon is based on the concept that the flow of information through a system can be maximized by the presence of a particular nonzero level of noise. Supporting this, numerous human studies in neurophysiological and sensory systems, including cutaneous receptors, have demonstrated that a superposition of a mechanical noise could enhance afferent sensory input, making the stimulus perceptible at lower amplitude (e.g. [13,17,18]). This was reflected by an improved touch sensitivity of patients with diabetic neuropathy [13] and an enhanced balance control [11,14,15] in diabetic and/or elderly patients. 
Priplata and coll.[15] for example demonstrated that the application of noise resulted in a reduction in all of the sway variables in elderly participants, especially in medio-lateral axis, which is in accordance with the hip strategy, inducing a loading-unloading behavior, usually observed in elderly people. These findings are potentially important, insofar as impaired sensation leads not only to serious secondary medical complications, but also to disability to perform everyday tasks or to walk safely and efficiently, and functional dependency. 
However, to our knowledge, results in postural sway associated to vibrating insoles have not been studied on everyday balance (e.g. walking and rising from a chair). Furthermore, earlier studies have reported enhanced static balance control but only while patients' eyes were closed. Lastly, it is somewhat difficult for patients to come everyday to the hospital for a vibratory protocol. It is therefore of great interest in the context of diabetes and frailty, to explore a self-home intervention of plantar mechanoreceptor stimulation, with a vibrating insole device (HEXABIO), on gait and posture in older people with diabetes. 
Over the 16 partners in the EU, CHU-BORDEAUX and IDOP will be involved in SENSOLE part II. The combination of the assessment tools used in SENSOLE, associated with SARTRAIN assessments, will provide a comprehensive study of the structural and functional characteristics of muscle and adjacent tissues and their change with the intervention that might explain its potential benefit. 

3. [bookmark: _Toc302381936][bookmark: _Toc302401140][bookmark: _Toc343274465]OBJECTIVES AND PURPOSE
SENSOLE part II aims to investigate the effects of the Hexabio R&D insole device, previously tested in SENSOLE part I, on gait and posture of older diabetic patients through everyday balance and quality on daily living.
We postulated that a daily addition of mechanical noise to the feet, while patients are sitting and resting in their (arm)chair, would lead to a reduction in postural sway, and a tightly regulated postural control system.
3.1. [bookmark: _Toc302381937][bookmark: _Toc302401141][bookmark: _Toc343274466]Main objective
The main objective of the clinical sub-study SENSOLE is to assess the potential changes in everyday balance, especially through the Short Physical Performance Battery (SPPB) walking speed test (4m).
3.2. [bookmark: _Toc302381938][bookmark: _Toc302401142][bookmark: _Toc343274467]Secondary objectives
The secondary objectives are:
At baseline (M0):
· Measure the presence of Neuropathy under the 1st and 5th metatarsal and heel and vibration threshold perception (neuro-esthesiometer)
· Measure the Advanced Glycation End Products by Skin autofluorescence
According to time (M0, M0.5, M1, M6, and M24) and to the patient's baseline characteristics:
· Evaluate the potential changes in the length step during the SPPB walking test;
· Evaluate the potential changes in standing balance through the balance test of the Short Physical Performance Battery (SPPB) (side by side, semi-tandem, and tandem stand positions);
· Evaluate the potential changes in Timed Up and Go test;
· Evaluate the changes in postural sway and in postural control system;
· Evaluate the changes in biological analyses
· Evaluate the changes in autonomy (IADL, BADL, Barthel index) and quality of life (institutionalization and hospitalization admission rates, hypoglycemia rate)

4. [bookmark: _Toc302381939][bookmark: _Toc302401143][bookmark: _Toc343274468]SUB STUDY DESIGN
4.1. [bookmark: _Toc302381940][bookmark: _Toc302401144][bookmark: _Toc343274469]Summary of Sub- Study Design
Intervention period measures will be performed in 60 patients recruited in CHU-BORDEAUX (30 patients) and IDOP (30 patients). Hexabio R&D insoles will be given to 30 patients during 1 month (Fig. 1) to CHU-BORDEAUX and then to IDOP. Figure 1. SENSOLE part II design. Arbitrary time scale (months)
M0
M0.5
M1
M24
Intervention

M6
M-1
M-6



As illustrated in Fig. 1 and Table 1, measures will be designed as follows:  

Table 1: SENSOLE assessments
	 
	Baseline M0
	M0.5
	M1
	M2
	M4
	M6
	M12
	M16
	M20
	M24

	Neuropathy
	■
	
	
	 
	
	
	 
	
	 
	

	Skin autofluorescence (AGE)
	■
	
	
	 
	 
	
	 
	 
	 
	

	Vibrating threshold determination
	■
	■
	■
	
	
	
	
	
	
	

	Compliance to the intervention
	
	■
	■
	
	
	
	
	
	
	

	Sway measures
· Posturographic measures
· Timed Up and Go
· SPPB balance test
· SPPB walking (4m) test
	
■
■
■
■
	
■
■
■
■
	
■
■
■
■
	
	
	
■
■
■
■
	
	
	
	
■
■
■
■

	Biological samples
	 
	
	
	
	
	 
	
	
	
	 

	 Blood samples:
	
	
	
	
	
	
	
	
	
	

	    HbA1C
	■
	
	
	
	
	■
	
	
	
	■

	    Plasma glucose
	■
	
	
	
	
	■
	
	
	
	■

	    Creatinine
	■
	
	
	
	
	 
	
	
	
	■

	    Albumine
	■
	
	
	
	
	 
	
	
	
	■

	    Routine hematology
	■
	
	
	
	
	 
	
	
	
	■

	 Blood Pressure
	■
	
	
	
	
	■
	
	
	
	■

	Quality of Life evaluation
	 
	
	
	
	
	 
	
	
	
	 

	   SPPB
	■
	
	
	
	
	■
	
	
	
	■

	   Walking speed (6m)
	■
	
	
	
	
	■
	
	
	
	■

	   IADL (Lawton)
	■
	
	
	
	
	 
	
	
	
	■

	   BADL (Katz)
	■
	
	
	
	
	 
	
	
	
	■

	   Barthel Index
	■
	
	
	
	
	 
	
	
	
	■

	   Hypoglycemia rate
	■
	
	
	
	
	■
	
	
	
	■

	   Institutionalization rate
	 ■
	
	
	
	
	 
	
	
	
	■

	   Hospital admission rates
	■ 
	
	
	
	
	 
	
	
	
	■































4.2. [bookmark: _Toc302381941][bookmark: _Toc302401145][bookmark: _Toc343274470]Description of the Measures Taken to Minimized/Avoid Bias
In order to avoid the risk of bias from a benefit effect on the Mid-FRAIL intervention, SENSOLE study will be conducted both on the kinetic and kinematic movement data on a sample of non-eligible patients for MID-Frail but able to undergo SPPB test. 
Randomization: After obtained subject informed consent, and having properly checked all eligibility criteria, the subjects will be individually randomised to receive the intervention (arm 1) or not (arm 2). The size of the 2 arms will be balanced with a ratio of 1:1.

4.3. [bookmark: _Toc343274471]Primary and secondary endpoints/outcome measures
4.3.1. [bookmark: _Toc343274472]Primary endpoints/outcome measures
The primary endpoint of the clinical sub-study SENSOLE is the SPPB walking speed on 4m (ms) according to time and to the patient's baseline characteristics.

4.3.2. [bookmark: _Toc343274473]Secondary endpoints/outcome measures
The secondary endpoints include:
According to time and to the patient's baseline characteristics:
· SPPB walking test: score (/4) and step length (cm);
· SPPB balance tests: side-to-side, semi-tandem, and tandem feet positions, balance score (score/4))
· Timed Up and Go: time (ms).
· Posturographic measures:
Right and left CoP, and CoPRes coordinates along x and y axes (mm)
Spatial CoP variability (mm²) along x and y axes
Postural control strategy: mean CoP velocity (mm.s-1) and CoP variance (mm) along x and y axes
CG trajectories: area (mm²) and mean velocity (mm.s-1) along x and y axes
Moment of inertia (CoP - CG): area (mm²) and mean velocity (mm.s-1) along x and y axes
· Blood samples: HbA1C, Plasma glucose, Creatinine, Albumine, Routine hematology, Blood pressure;
· SPPB (Short Physical Performance Battery) ;
· Walking speed (6m);
· IADL (Instrumental Activities of Daily Living, Lawton);
· BADL (Bristol Activities of Daily Living, Katz);
· Barthel index;
· Hypoglycemia rate;
· Institutionalization rate;
· Hospital admission rate;
As well as:
· Neuropathy: score of correct answers (/3) for the 1st and 5th metatarsal and for the heel;
· Advanced Glycation End Products by Skin autofluorescence;
· Compliance with the insole procedure: number of started and full completed sequences.

5. [bookmark: _Toc252798873][bookmark: _Toc302381942][bookmark: _Toc302401146][bookmark: _Toc343274474]STUDY POPULATION
5.1. [bookmark: _Toc302381943][bookmark: _Toc302401147][bookmark: _Toc308600507][bookmark: _Toc337055342][bookmark: _Toc343274475]Inclusion Criteria
· Patients aged 70 years or older, with a diagnosis of T2D for at least 2 years.
5.2. [bookmark: _Toc302381944][bookmark: _Toc302401148][bookmark: _Toc308600508][bookmark: _Toc337055343][bookmark: _Toc343274476]Non-Inclusion Criteria
The participant may not enter the sub study if ANY of the following apply:
· Barthel score lower than 60 points  
· Inability to carry out SPPB test  
· Subjects unwilling or unable to consent
· Ulcerations and/or infections on the plantar surface of the feet
· Subjects with a pace-maker. 
· Inability to understand the home instructions;
· Absence of electrical point at home.
· Patient unable to sign the SENSOLE informed consent
· Patients with a pace-maker

5.3. [bookmark: _Toc302381945][bookmark: _Toc302401149][bookmark: _Toc343274477]Subject Withdrawal Criteria 
Each participant has the right to withdraw sub-study at any time. In addition, the investigator may discontinue a participant from the sub-study at any time if the investigator considers it necessary for any reason including: 
· Ineligibility (either arising during the sub study or retrospective having been overlooked at screening).
· Significant sub study protocol deviation including, but not limited to:
· failure to meet major inclusion/exclusion criteria;
· failure to complete full evaluations as required by protocol
· Significant non-compliance with treatment regimen or study requirements.
· An adverse event which requires discontinuation of the sub study intervention or results in inability to continue to comply with sub-study procedures.
· Disease progression which requires discontinuation of the sub study intervention or results in inability to continue to comply with sub study procedures.
· Sub-study consent withdrawn.
· Lost to follow up.
The reason and date of removal of all subjects will be documented in patient’s medical file and the case report form. The investigator will attempt to complete all discharge procedures at the time a subject is removed from the study.
Patient who decide to withdraw sub-study will continue to benefit from their usual clinical management.

6. [bookmark: _Toc302381946][bookmark: _Toc302401150][bookmark: _Toc343274478][bookmark: _Ref277230749]SUB-STUDY PROCEDURES
6.1. [bookmark: _Toc343274479]Informed consent
Patient’s (or if necessary that of his witness) will complete the SENSOLE sub-study informed consent before any sub study clinical or para-clinical examination and following the same procedure as described in the main Mid FRAIL protocol: 
All participants involved in the empirical phases of the study will be given both written and verbal information about the project. Efforts will be made to maximise communication and full understanding about the objectives, risks and inconveniences of the project and family members will be actively encouraged to become involved in discussions about the study. Individuals may take as long as they need to assimilate the information and decide whether they wish to participate, before their written informed consent will be sought. Potential participants who lack mental capacity to understand the nature and requirements of the study and who lack the ability to give informed consent will be excluded. As part of the consent process, participants will be informed of their right to withdraw from the project at any time and will also be asked specifically whether they consent that data collected during the study may continue to be used in the final analysis even if they should lose capacity whilst the study is ongoing.
The investigating physician is responsible for obtaining written informed consent from the participant. The consent form must be signed BEFORE ANY CLINICAL OR PARACLINICAL EXAMINATION REQUIRED BY THE STUDY IS PERFORMED.

If the participant agrees to participate, he/she and the investigator clearly write their names and forenames, date, and sign the consent form.
The copies of the information letter and the consent form are then distributed as follows:
One copy of the information letter and the consent form is given to the participant.
The original copy of the consent form is kept by the investigating physician (even if the participant moves house during the study period) in a safe place not accessible by third parties.
At the end of the inclusion period, or at the latest at the end of the study, a copy of each consent form is sent to the sponsor or his/her representative by methods communicated to the investigators in due course.
6.2. [bookmark: _Toc343274480]Vibrating insoles
6.2.1. [bookmark: _Toc303009103][bookmark: _Toc343274481]Vibration threshold determination
Before intervention, investigator determines the perception threshold for the noise signal for both feet independently and accordingly to the patient's perceived vibration. For this, the frequency amplitude of the noise is gradually increased every 10 seconds from level 1 (0Hz) to level 25 (200Hz), with 8Hz incremental step size and the patient has to inform the investigator as soon as the noise signal can be perceived. The ascending sequence will be repeated for each foot. 
Accordingly to previous studies the amplitude will be then set at 90% of the tactile threshold for each individual patient. That is, the noise introduced by the insoles will be sub sensory and the stimulation can be felt only slightly.
6.2.2. [bookmark: _Toc303009104][bookmark: _Toc343274482]Home procedure and instructions
Hexabio R&D insoles have to be worn during 22 minutes per day while patient will be in rest period on their (arm)chair (insoles have to be withdrawn before getting up). 
Patients' instructions:Figure 2a

· put in the insole device near your usual (arm)chair and
· connect the insole to an electrical point. 
· once a day, take place in your (arm)chair (Fig. 2) and wear the slipper on, 
· disconnect the insole from the electrical point (the charging battery should not be connected during the treatment)
· switch "on" the remote control.
· as the vibrations are subliminal, time the sequence and switch "off" the remote control after 22min.
· still sat in your (arm)chair for at least 10min after the end of the sequence. 
· remove the insole (insoles have to be withdrawn before getting up).
· re-connect the insole to the electrical point. 
· if one day, you clearly feel the vibration under your foot, contact the investigator in order to adapt a new threshold 
· if one day, you feel any unpleasant sensation and/or side effects, contact the investigator.
6.2.3. [bookmark: _Toc303009105][bookmark: _Toc343274483]Measures' cares and duration
 Patients are asked to remove the insole before getting up.
 Duration of each daily sequence: 22 min.
6.3. [bookmark: _Toc334788536][bookmark: _Toc343274484]Neuropathy
6.3.1. [bookmark: _Toc334788537][bookmark: _Toc343274485][bookmark: _Toc303009107]Material
The presence of neuropathy will be tested by :
a pressing a 10 g Semmes-Weinstein monofilament (SWM);
a neuro-esthesiometer (Horwell, Owen Mumford, Vernon, France)
6.3.2. Monofilaments Figure 3. Foot testing-touch locations.
5th MT testing point
1st MT testing point
Heel
testing point

Testing points determination
The location of the first and fifth metatarsio-phalangeal joints will be determined accordingly to Perry[19] method: a line was drawn from the first to the fifth metatarsio-phalangeal joints. The location of the first metatarsio-phalangeal joint will be set at 10% of the distance along that line from the medial foot border and at 10% of the distance along that line from the lateral foot border for the fifth metatarsio-phalangeal joint (Fig. 2).
For the heel point a line will drawn from the mid-heel to the second toe, and the testing location will correspond to 10% along that line from the heel.

Procedurea
b
Figure 3: Application of the monofilament

Accordingly to the International Working Group on the Diabetic Foot[20] :
· The patient must not be able to see if and where the examiner applies the filament; 
· The monofilament is applied perpendicular to the skin surface (Fig. 3a); 
· The application force has to be sufficient to bend the filament to half of its length (Fig. 3b); 
· The filament should not slide across the skin or make repetitive contact at the test site; 
· When the filament is bent to half of its length, the investigator asks the patient IF they feel the pressure applied (yes/no) and next WHERE they feel the pressure applied (left/right foot). 
· This application is repeated twice at the same site, but alternate this with at least one "mock" application, in which no filament is applied (total three questions per site). 

The monofilament will be applied at three sites: under the first (1MT) and fifth (5MT) metatarsal and under the heel.

Measures' care and duration
· The filament should be applied along the perimeter of and not on an ulcer site, callus, scar or necrotic tissue; 
· The total duration of the approach, skin contact, and removal of the filament should be approximately 2 seconds; 
· The investigators have to encourage the patients during testing by giving positive feedback;
· The investigators should be aware of the possible loss of buckling force of the monofilament if used for too long a period of time.
Measured data
Accordingly to the International Working Group on the Diabetic Foot protective sensation will present at each site if the patient correctly answers two out of three applications. Protective sensation is absent with two out of three incorrect answers, and the patient is then considered to be at risk of ulceration.
For each site (first metatarsal-1MT, fifth metatarsal-5MT, and heel) the measured data recorded in the eCRF will be the number of correct answers (score/3) for the three skin applications.
6.3.3. [bookmark: _Toc337055354][bookmark: _Toc343274487]Vibration perception threshold 
Procedure
The probe is applied to the lateral-dorsal side of the big toe, the voltage is gradually increased from zero and the result is recorded when the subjects indicate that they perceive the vibrations. When the subjects give the correct response, the voltage is decreased by 10% on each trial until the patients make an error. 
A nadir of 25V for the cut-off between high and low risk is selected. This has been reported to identify patients liable to suffer from neuropathic ulceration even relatively minor injury[21]. 
The vibration perception threshold is also measured at the malleolus and patella.

Measured data
At each site, the test is repeated three times and the mean voltage is recorded and reported in the eCRF.

6.4. [bookmark: _Toc343274488]Advanced Glycation End products by skin autofluorescence
Skin autofluorescence is a non-invasive measurement of the level of tissue accumulation of advanced glycation end products (AGEs), representing cumulative glycemic and oxidative stress. Several studies have shown that AGEs accumulate in skin faster in individuals with poor blood sugar control and that measurement of AGEs by skin autofluorescence may be able to predict the risk of developing diabetes and related microvascular complications like neuropathy.
6.4.1. MaterialFigure 5. Placement of the forearm on the AGE Reader

The fluorescence of AGEs allows for assessment of the accumulation of AGEs in the skin by measuring skin autofluorescence (AF) with the AGE-Reader (DiagnOptics BV, Groningen, The Netherlands). 

6.4.2. [bookmark: _Toc343274490]Procedure
Patient put the forearm on the AGE-Reader device (Fig. 5).

The AGE-Reader illuminates approximately 1 cm2 of skin (which is guarded against surrounding light) with an excitation light source of 300-420 nm (peak excitation ~350 nm). 
Three trial will be performed and the mean value will be reported in the eCRF
6.4.3. [bookmark: _Toc343274491]Measures' care and duration
· The skin should not have ulcer site or necrotic tissue; 
· The total duration is approximately 30 seconds (per trial); 
6.4.4. [bookmark: _Toc343274492]Measured data
The measure of autofluorescence is calculated by dividing the average light intensity emitted per nm over the 420 to 600nm range by the average light intensity emitted per nm over the 300 to 420nm range. The value of this technique is supported by correlations between skin autofluorescence and collagen-linked fluorescence (CLF; excitation at 370 nm, emission at 440 nm) following pepsin digestion, and the pentosidine (by HPLC), Ne- (carboxyethyl)lysine (CEL) and Ne-(carboxymethyl)lysine (CML) (by gas chromatography and mass spectrometry) concentrations in skin biopsies, (r = 0.47-0.62, p <0.002)[22], and it is a strong predictor of cardiac mortality in patients with type 2 diabetes[23].

6.5. [bookmark: _Toc302381952][bookmark: _Toc302401156][bookmark: _Toc343274493]Sway measures
6.5.1. [bookmark: _Toc343274494]Material
 Posturography: force platform (technical references will be provided later)
 Timed Up and Go: standardised chair, tape measure, stopwatch
 SPPB balance and walking (4m) speed: tape measure, stopwatch
6.5.2. [bookmark: _Toc343274495]Procedures
2.1. Static tests
 Static postural sway measures: patients, standing with feet abducted at 30° and heels separated by 9 cm, are required to close their eyes once their posture is stabilized. The measures included two postural trials of 32 s separated by a 32 s rest period. During postural measurements patients are instructed to remain upright and to minimize body movement as much as possible. 
 SPPB balance test
[image: SPPB]Side-by-Side stand 
Instructions: I want you to try to stand with your feet together, side by side, for about 10 sec. Please watch while I demonstrate. You may use your arms, bend your knees, or move your body to maintain your balance, but try not to move your feet. Try to hold this position until I tell you to stop.


											□ < 10sec 	0pt
□ 10 sec	1pt	 

Postural readjustment: □ yes   □ no. 
[image: SPPB]   If yes, which one: □ arms   □ knees
Semitandem Stand 
Instructions: Now I want you to try to stand with the side of the heel of one foot touching the big toe of the other foot for about 10 seconds. You may put either foot in front, whichever is more comfortable for you. Please watch while I demonstrate.

											□ < 10sec 	0pt
											□ 10 sec	1pt


Postural readjustment: □ yes   □ no. 
[image: SPPB]   If yes, which one: □ arms   □ knees
Tandem Stand 
Instructions: Now I want you to try to stand with the heel of one foot in front of and touching the toes of the other foot for 10 sec. You may put either foot in front, whichever is more comfortable for you. Please watch while I demonstrate.

											□ < 3sec 	0pt
											□ 3 -9,99sec	1pt
											□ 10sec	2pts

Postural readjustment: □ yes   □ no. 
   If yes, which one: □ arms   □ knees
2.2. Dynamic tests
 SPPB walking (4m) test
Instructions: This is our walking course. If you use a cane or other walking aid when walking outside your home, please use it for this test. I want you to walk at your usual pace to the other end of this course (a distance of 4m). Walk all the way past the other end of the tape before you stop. I will walk with you. Are you ready?
Best time of the two trials :           ,         sec	Step length :           cm
0 pt□ unable       1 pt□ > 8,7sec       2 pts□ 6,21 - 8,70       3 pts□ 4,82 - 6,20       4 pts□ < 4,82 sec		
 Timed Up and Go[24,25]
The test begins with the subject sitting correctly in a chair with arms, the subject’s back should resting on the back of the chair. The chair should be stable and positioned such that it will not move when the subject moves from sitting to standing.
A mark is placed on the floor 3 meters away from the chair so that it is easily seen by the subject.
INSTRUCTIONS: “On the word GO you will stand up, walk to the line on the floor, turn around and walk back to the chair and sit down. Walk at your regular pace.
The timing starts on the word “GO” and stop timing when the subject is seated again correctly in the chair with their back resting on the back of the chair.
The subject wears their regular footwear, may use any gait aid that they normally use during ambulation, but may not be assisted by another person. There is no time limit. They may stop and rest (but not sit down) if they need to.
The subject should be given a practice trial that is not timed before testing.
INTERPRETATION[26,27] 
Normal healthy elderly usually complete the task in ten seconds or less. Very frail or weak elderly with poor mobility may take 2 minutes or more.
6.5.3. [bookmark: _Toc343274496]Measures' duration
20-25 minutes.
6.5.4. [bookmark: _Toc343274497]Data analysis
The measures recorded in the eCRF include (in italic bold text):
 SPPB balance test: SPPB balance score (/4)
 SPPB walking (4m) test: score (/4), time (in sec,00), and step length (cm)
 Timed Up and Go: time (sec,0) 
 Posturographic measures:
Under each foot, the centres of pressure trajectories are processed and the relative contributions (in percentage) of each foot on the CoP are determined. The net body or resultant pressure variation (CoPres) is then calculated from the coordinates of the Left and Right CoP load distribution each foot (Rougier, 2007)[28] following the equation:
CoPres = CoPLeft x [RLeft / (RLeft + RNoRight)] + CoPRight x [RRight / (RLeft + RRight)]
with RLeft and RRight are the vertical forces under the left and right foot, respectively; (RLeft / (RLeft + RRight) and RRight / (RLeft + RRight) are the percentage of load applied under the Left and the Right foot, respectively.
In order to determine the CoP spatial variability, the displacements of CoPres along the medio-lateral (xCoP) and antero-posterior (yCoP) axes are processed through the classical calculation of the sway area (in mm2). 
In order to assess potential modifications in the postural control strategy, the mean velocity (in mm.s-1) and the variance (in mm) along the medio-lateral and antero-posterior axes as well as the mean CoP position (in mm) of these displacements are then calculated (xCoP and yCoP mean velocity, xCoP and yCoP variance).
Centre of gravity (CG) and CoP-CG motions will be determined from the CoP trajectories. A biomechanical relationship in the frequency domain between the amplitude ratio of the horizontal displacements of the CG and CoP trajectories (CG/CoP) are used to estimate the CG and consequently the CoP-CG motions [29,30]. This amplitude ratio constitutes a lowpass filter, which is adapted for each patient by taking into account some anthropometric parameters (height and body weight) in order to assess the moments of inertia and the natural body frequency along the medio-lateral and antero-posterior axes. It has been indeed shown that in side by side stance on a stable horizontal support, the body is relatively rigid and oscillates as one-link inverted pendulum. Therefore, postural stability can be evaluated from the motion of CG) representing the movements of the whole body. In this line, Breniere et coll.[31] have proposed a relationship between postural control and postural stability as follows:
CoP motion = CG motion + (CG acceleration x Biomechanical coefficient)
From a biomechanical point of view, the differential between CoP and CG (CoP-CG) corresponds to the initial horizontal acceleration communicated to the CG[31] and can be associated to the neuromuscular activity required for maintaining the body balance.

6.6. [bookmark: _Toc302381954][bookmark: _Toc302401158][bookmark: _Toc343274498][bookmark: _Toc252798881]Screening and Eligibility Assessment
The screening visit is conducted by the investigating doctor. The screening visit will occur between 2 days and at the latest 1 month before the inclusion visit. Before any examination related to the study, the investigator will obtain the patient's informed, written and freely given consent (or if necessary that of his/her witness).
During the screening visit a physical examination will be performed to exclude ulcerations and /or infections on the plantar surface of the feet and the results will be collected in the eCRF.

6.7. [bookmark: _Toc302381955][bookmark: _Toc302401159][bookmark: _Toc343274499][bookmark: _Toc252798882]Baseline (M0) Assessments
As illustrated in table 1, baseline assessments include:
 Check of all eligibility inclusion and non-inclusion criteria;
 Patient’s randomization;
· Relatively to the Mid-FRAIL main study:
 Blood samples: HbA1C, Plasma glucose, Creatinine, Albumine, Routine hematology, Blood pressure;
 SPPB (Short Physical Performance Battery) ;
 Walking speed (6m);
 IADL (Instrumental Activities of Daily Living, Lawton);
 BADL (Bristol Activities of Daily Living, Katz);
 Barthel index;
 Hypoglycemia rate;
 Institutionalization rate;
 Hospital admission rate;
· Specifically to SENSOLE part II sub-study:
 Neuropathy assessment: 1MT, 5MT, and Heel monofilament score (/3); 
Vibration perception threshold values for the big toe, malleolus, and patella individually (Volt)
 Advanced Glycation End Products: skin autofluorescence value (0,0);
 Vibratory threshold determination: left and right foot threshold frequencies (Hz);
 Comprehension to the vibrating home sequences;
 SPPB balance test: score (/4)
 SPPB walking (4m) test: walking time (ms), score (/4), and step length (cm)
 Posturographic measures: 
Right and left CoP, and CoPRes coordinates along x and y axes (mm)
Spatial CoP variability (mm²) along x and y axes
Postural control strategy: 	mean CoP velocity (mm.s-1) and CoP variance (mm) along x and y axes
CG trajectories : area (mm²) and mean velocity (mm.s-1) along x and y axes
Moment of inertia (CoP - CG): area (mm²) and mean velocity (mm.s-1) along x and y axes

6.8. [bookmark: _Toc302381956][bookmark: _Toc302401160][bookmark: _Toc343274500][bookmark: _Toc252798884][bookmark: _Toc531243784]Subsequent Assessments
· M0.5:
 Compliance to the vibrating home sequences: number of started and full-completed sequences;
 SPPB walking (4m) test: walking time (ms), score (/4), and step length (cm)
 SPPB balance test: score (/4)
 Posturographic measures: 
 Vibratory threshold determination: left and right foot threshold frequencies (Hz);
 Collection of Adverse Event and Concomitant treatment modifications
· M1:
 Compliance to the vibrating home sequences: number of started and full-completed sequences;
 SPPB walking (4m) test: walking time (ms), score (/4), and step length (cm)
 SPPB balance test: score (/4)
 Posturographic measures: 
 Vibratory threshold determination: left and right foot threshold frequencies (Hz);
 Collection of Adverse Event and Concomitant treatment modifications
· M6: 
 SPPB walking (4m) test: walking time (ms), score (/4), and step length (cm)
 SPPB balance test: score (/4)
 Posturographic measures: 
 Collection of Adverse Event and Concomitant treatment modifications
 Mid-FRAIL blood samples: HbA1C, Plasma glucose, Blood pressure;
 Mid-FRAIL QoL evaluation: SPPB, Walking speed (6m), Hypoglycemia rate;
· M24: 
 SPPB walking (4m) test: walking time (ms), score (/4), and step length (cm)
 SPPB balance test: score (/4)
 Posturographic measures: 
 Collection of Adverse Event and Concomitant treatment modifications
 Mid-FRAIL blood samples: HbA1C, Plasma glucose, Creatinine, Albumine, Routine hematology, Blood pressure;
 Mid-FRAIL QoL evaluation: SPPB, Walking speed (6m), IADL, BADL, Barthel index, Hypoglycemia rate, Institutionalization rate, hospital admission rates.

6.9. [bookmark: _Toc302381957][bookmark: _Toc302401161][bookmark: _Toc343274501]End of Sub-Study Assesment
The end of sub-study corresponds to the end of the M24 assessments. 
7. [bookmark: _Toc302381958][bookmark: _Toc302401162][bookmark: _Toc343274502]Sub-study INTERVENTION: vibrating insoles device 
To our knowledge, results in postural sway associated to vibrating insoles have not been studied on everyday balance (e.g. walking). Furthermore, earlier studies have reported enhanced balance control but in the sole condition of eyes closed. Lastly, it is somewhat difficult for patients to come everyday to the hospital for a vibratory protocol. It is therefore of great interest in the context of diabetes and frailty, to explore a self-home intervention of plantar mechanoreceptor stimulation, with a vibrating insole device, on gait and posture in older people with diabetes. 
SENSOLE sub-study aims therefore to investigate an innovative Hexabio R&D insole concept on gait and posture among older diabetic patients through everyday balance and quality on daily living. 
g
Figure 6. Schematic design of the insole.
a, b, c: vibrating motors; 
d, e: electronic cards; 
f: battery; 
g: USB port
d
a
e
b
f
c

7.1. [bookmark: _Toc303009118][bookmark: _Toc343274503][bookmark: _Toc302381959][bookmark: _Toc302401163]Material
Two insoles (16 mm thickness) were specially designed by Hexabio R&D department (French Patents N° 09 04955 [2009] and N° 11 03355 [2011]). The base is a polyurethane resin, hardness 78 Shore A (SDP Innovation, HE 3380) covered with a membrane in styrene plastic (styrene sheet, thickness 0.75mm, Evergreen Scale Model; Woodinville, USA). The membrane is stuck to the base with a silicone joint (Loctite 5367, thickness 3mm). Three vibrating disk motors (Vibrating Pager Motor: VPM2, 12mm diameter 3.4mm thickness, Solarbotics; Calgary Canada) are embedded in the base and glued to the membrane. 

Accordingly to the literature[11,13-15] vibrating motors are settled in each insole under both anterior and posterior parts of the plantar foot surface, i.e. near the first and fifth metatarsophalangeal joints, and under the heel (Fig. 6). Figure 7. Location of 14 checking points. 
Points 5, 6, and 12 correspond to the 1st and 5th metatarsophalangeal joints, and heel, respectively.

Each insole provides a vibration, whose strength is set independently with a program for each foot. 
The innovative Hexabio R&D insole concept relies on the membrane that enables a propagation of the vibration on the whole insole (French patent N° 11 03355 [2011]). Schematically, the membrane has been divided in 14 points (Fig. 7) from which frequency vibration was checked with an accelerometer. Ten inputs were delivered (from 2.37 to 3.03V) and ten trials per input were realized. Points 5, 6, and 12 correspond to the vibration motors located under the 1st and 5th metatarsophalangeal joints, and heel, respectively. 


This membrane ensures therefore a vibration under the whole forefoot and heel limiting thus the differences in foot characteristics among patients (focal callus, foot width, etc).
The vibrating motors are driven by a microprocessor (ATMEGA328P-AU, ATMEL). The input for the three vibrating motors in a single insole is identical. The random noise signal bandwidth varies up to 200 Hz. 
The sole is then covered with a thin leather layer for total thickness about 17 mm (Fig. 8).Figure 8. Final insole design


The sequence consists on two vibrating trains of 7 min with 5 min resting period. The frequency amplitude corresponds to 90% of the individual pre-determined vibration threshold (see chap 6.1.1 Vibration threshold determination).
7.2. [bookmark: _Toc303009119][bookmark: _Toc343274504]Measured data
[bookmark: _Toc302381964][bookmark: _Toc302401168]The measured data from the vibrating insole device will be the patients' compliance to the home sequence, especially the number of started sequences and the number of full-completed. These data will be directly recorded and downloaded from the microprocessor at M0.5 and M1.
7.3. [bookmark: _Toc343274505]Measures' cares and adverse reaction
No adverse reaction related to the device is expected. 
In case of any unpleasant sensation and/or side effects, patients are asked to contact the investigator on the day that they become aware of it.

8. [bookmark: _Toc302381965][bookmark: _Toc302401169][bookmark: _Toc343274506]ASSESSMENT OF EFFICACY
The assessment of the vibrating insole efficacy will be a decrease in CoP spatial variability or at least a limitation of the deterioration related to aging and diabetes.


9. [bookmark: _Toc302381966][bookmark: _Toc302401170][bookmark: _Toc343274507]ASSESSMENT OF SAFETY
A patient safety check list and educational plan will be developed by IDOP to ensure consistent approaches to treatment, avoiding unnecessary errors in prescribing, develop clear and effective communication between research/clinical staff within each trial site, and minimise patient-related errors. A culture of patient safety within the research network will be established. A scheme will be provided that allows all patients within the trial to have a hypoglycaemia risk estimate performed at recruitment and again at 12 months, and measures instituted to minimise risk, e.g. those on sulphonylureas or insulin. An audit scheme for each centre will be provided to detail any adverse events and root cause analyses performed at IDOP where appropriate, with feedback.

In SENSOLE sub-study, we do not anticipate any significant patient safety issues arising in the study either from the vibrating insoles intervention proposed or from the measurements taken. In case of vibration-induced pins and needles or any other side effect, patients are asked to contact the investigator on the day that they become aware of it.


10. [bookmark: _Toc221103570][bookmark: _Toc302401171][bookmark: _Toc343274508]Management of ADVERSE EVENTS and new facts
10.1. [bookmark: _Toc221103571][bookmark: _Toc302401172][bookmark: _Toc343274509][bookmark: _Toc117492735]Definitions 
Adverse event (article R.1123-39 of the French Public Health Act)
Any harmful event occurring in a person taking part in a biomedical research study, whether or not that event is linked to the study or to the product being investigated in the study.

Serious adverse event (article R.1123-39 of the Public Health Act and the ICH E2B guide)
Any undesirable event which:
· leads to death,
· endangers the life of the person taking part in the research study,
· necessitates admission to hospital, or prolongation of hospitalisation,
· causes serious or sustained incapacity or handicap,
· is expressed by a congenital anomaly or malformation,
· or any event considered to be medically serious,
and concerning the drug, whatever the dose administered.

Unexpected adverse event (article R.1123-39 of the French Public Health Act)
Any adverse effect of the medicinal product, the nature, severity or evolution of which does not conform to the information given in the files submitted to the ethics committee for approval or to the relevant authority in application for marketing authorisation.

New fact (order dated 24 May 2006)
New safety information which could lead to re-evaluation of the benefit/risk ratio of the study, or which may be sufficient to envisage modifications to documents concerning the study, to the way the study is conducted, or, if necessary, to the way the product is used.

10.2. [bookmark: _Toc221103572][bookmark: _Toc302401173][bookmark: _Toc343274510]Description of expected serious adverse events
Expected serious adverse events include: 
· Diabetes' treatments as defined in the molecules' Summary of Products Characteristics (SPC);
· Diabetes development;
· Any pathology related to aging.

No AE linked to the study intervention is expected considering the innocuousness of the technique used. However, in case of vibration-induced pins and needles or postural post-effects, patients are asked in the instructions to rest and stay in their (arm)chair for at least 10min after the end of the vibrating sequence. In case of any other side effect, patients are asked to contact the investigator on the day that they become aware of it.

10.3. [bookmark: _Toc221103573][bookmark: _Toc302401174][bookmark: _Toc343274511]Action to be taken in the case of an adverse event or new fact
The investigator must immediately notify the sponsor on the day that he becomes aware of it of any serious adverse event or any new fact, if it occurs:
after the date of signature of the consent form,
at any time during the period of follow-up planned by the study for the participant,
within 30 days after the end of the follow-up period planned by the study for the participant, when it may possibly be due to the study.

	TYPE OF EVENT
	NOTIFICATION METHOD
	TIME LIMIT FOR NOTIFYING THE SPONSOR

	Non-serious AE
	In the case report form
	No immediate notification

	Expected SAE
	Initial SAE declaration form + written report if necessary
	Sponsor to be notified immediately

	Unexpected SAE
	Initial SAE declaration form + written report if necessary
	Sponsor to be notified immediately

	New fact
	Declaration form + written report if necessary
	Sponsor to be notified immediately




Contact: Marta Pavía Hernández
Address
Fundación Hospital Universitario de Getafe
SPAIN
Tel: (+34) 687 513 703
E-mail: marta.pavia@salud.madrid.org


All these events must be monitored until they are completely resolved. The investigator will send the sponsor additional information (additional declaration form) concerning the evolution of the event not mentioned in the initial report.
10.4. [bookmark: _Toc221103574][bookmark: _Toc302401175][bookmark: _Toc343274512]Declaration and recording of unexpected serious adverse events and new facts 
The sponsor/vigilance unit immediately declares any unexpected SAE and new facts occurring during the study:
· to ANSM [the French National Agency for Medicinal and Health Product Safety], 
· to the relevant ethics committee. If necessary, the committee ensures that subjects participating in the study are informed of the undesirable effects and that they confirm their consent.

For research studies concerning a medicinal product, the sponsor/vigilance unit will record all the unexpected SAEs in the EudraVigilance database.

11. [bookmark: _Toc302381967][bookmark: _Toc302401176][bookmark: _Toc343274513]STATISTICAL METHODS AND SAMPLE SIZE
11.1. [bookmark: _Toc302381968][bookmark: _Toc302401177][bookmark: _Toc343274514]Statistical Analysis
Data will be analysed on intention to treat basis according to the statistical analysis plan, A draft report will be circulated to all centres for comment and correction before issue of the Final Study Report.

The effects of the vibrating insoles will be analyzed using ANOVA analyses with repeated measures for the time parameter (before, just after, and 15 minutes after the vibrating sequence). Post-hoc analyses will be performed in case of significant interactions with gender, neuropathy, or glycation. SPSS (versionx) is used for all statistical analyses.

The primary endpoint of the clinical SENSOLE part I sub-study is spatial Centre of Pressure (CoP) variability (mm²) along x and y axes immediately and 15 minutes after a vibrating sequence in sitting position

11.2. [bookmark: _Toc302381969][bookmark: _Toc302401178][bookmark: _Toc343274515][bookmark: _Toc252798903]Sample Size Calculation
Pilot study.

11.3. [bookmark: _Toc182646446][bookmark: _Toc182646920][bookmark: _Toc302381970][bookmark: _Toc302401179][bookmark: _Toc343274516]Interim Analyses And Stopping Rules
An interim analysis will be performed at the end of the intervention, i.e. at M1.


12. [bookmark: _Toc302381971][bookmark: _Toc302401180][bookmark: _Toc343274517]DIRECT ACCESS TO SOURCE DATA/DOCUMENTS 
CRF designed: In coordination with the Cardiff University an Electronic Case Report Form will be designed in order to provide a high quality data entry system to be easily implemented by the research groups.
Data Cleaning System: A complete program will be developed to ensure the data accuracy and quality through the generation of:
• Manual Queries: Generated by the Data Management team in their periodically reviews of the CRF.
• Auto-checks: Standard parameters will be
Data Base generation: The final database will be created in order to be analyzed by the Cardiff University.

13. [bookmark: _Toc302381972][bookmark: _Toc302401181][bookmark: _Toc343274518]QUALITY CONTROL AND QUALITY ASSURANCE 
An important aspect of the project's knowledge management strategy is the application of measures to ensure the quality of outputs (e.g. project deliverables, reports and dissemination items). These will be based on definition of indicators for quality and performance, and on procedures to ensure assessment of each output before it is released.
In addition to the mechanisms foreseen in the GA Annex II.30 and the CA (Section 8), project knowledge outputs will be reviewed by a committee from the relevant thematic group including the WP Leader. Assessment criteria will include appropriateness of content to the resources involved; availability of supporting information (technical and financial), compliance with any predefined criteria, and timeliness of delivery. Assessment of project knowledge outputs will be strongly linked to financial management of the project, resource allocation and authorization of payments to the individual partners. 

To guarantee optimal resource allocation to the project activities:

· Monitoring of the study: 
The various bodies with management responsibility will be responsible for dynamically monitoring and updating tasks, outputs and partner involvement. The study will be monitored by a clinical research technician who will be responsible to the coordinating investigator for:
· the logistics of and monitoring the study,
· producing reports concerning its state of progress,
· verifying that the case report forms are updated (request for additional information, corrections, etc.),
· sending samples,
· transmitting SAEs to the sponsor.

He will work in accordance with the standard operating procedures, in cooperation with the clinical research associate appointed by the sponsor.

· Quality control: 
Quality control will be assured by the inclusion of the review scheme for all reports and deliverables. The quality of outputs and any potential quality issues will be regularly reviewed by the Project Management Team and discussed as an agenda item at the Project Board meetings. A clinical research associate appointed by the sponsor will regularly visit each study centre during the process of setting up the study, one or more times during the study depending on the frequency of inclusions, and at the end of the study. During these visits, the following aspects will be reviewed:
· informed consent,
· compliance with the study protocol and the procedures set out in it,
· the quality of the data collected in the case report form: its accuracy, missing data, consistency of the data with the source documents (medical records, appointment diaries, the originals of laboratory results etc.),
· management of medicinal products if appropriate.

Each visit will be recorded in a written monitoring report.

· [bookmark: _Toc149445297][bookmark: _Toc149445725][bookmark: _Toc149446497][bookmark: _Toc163988176]Audit and inspection: 
An audit may be performed at any time by people appointed by the sponsor who are independent of those responsible for the study. The aim of an audit is to ensure the good quality of the study, that its results are valid and that the law and regulations in force are being observed.

The investigators agree to comply with the requirements of the sponsor and the relevant authority for an audit or an inspection of the study.

The audit can apply to all stages of the study, from development of the protocol to publication of the results and filing the data used or produced in the study.

14. [bookmark: _Toc302381973][bookmark: _Toc302401182][bookmark: _Toc343274519]ETHIC, DEONTOLOGICAL AND REGULATORY CONSIDERATIONS
All research involving human subjects raises ethical questions or issues. In the MID-FRAIL project, the potential benefits of the multi-modal intervention to research participants (and if proven to be of benefit, to the wider population of older people with diabetes) outweighs the low risk of harm. The interventions to be investigated (education, exercise and comprehensive geriatric assessment) are all used in routine clinical practice and no experimental or untried interventions will be used.
Older people are often excluded from clinical trials on basis of their age and so evidence to guide clinical practice must often be extrapolated from results obtained in younger adults or from atypical patient samples. Participation in research supports efforts to promote autonomy of older people and can be of considerable therapeutic value, empowering individuals and raising self-esteem. The inclusion of patient representatives as active members of the research team will ensure that the voice of older people is heard by professionals and greater account of their concerns and needs is taken into consideration. The utmost care will be taken to ensure that all participants, and any information that they supply, will be treated with respect and dignity. Specific issues are addressed below.

Ethics will be an underpinning foundation of the present project and ethical issues will be rigorously addressed. All aspects of the empirical elements of the study will be carried out in accordance with the Declaration of Helsinki, and will conform to current international and national legislation, and all standards and guidelines required by the specific ethical approval in the countries where the research will be carried out. Although the project is not a clinical trial of a medicinal product, the principles of Good Clinical Practice will be strictly followed throughout.
The consortium will implement an extensive ethical policy to run for the duration of the project. Before any work is started, necessary approval will be obtained from the relevant national or local ethics committees. The Coordinator will ensure that all applications for approval are sought, awarded and kept on file and no research centre will be able to randomise patients into the study unless .valid evidence of local ethics approval has been received by the coordinator.

The project will respect the relevant EC legislation, as well as the appropriate international conventions and declarations, and more specifically the following:
− The Charter of Fundamental Rights of the European Union and therefore all the regulations it is based on: the European Convention of Human Rights, the Council of Europe’s Social Charter, the Community Charter of Fundamental Social Rights of Workers and other international conventions to which the European Union or its Member States are parties.
− Directive 2001/20/EC of the European Parliament and of the Council of 4 April 2001 on the approximation of the laws, regulations and administrative provisions of the Member States relating to the implementation of good clinical practice in the conduct of clinical trials on medicinal products for human use.
− Directive 2001/83/EC of the European Parliament and of the Council of 6 November 2001 on the Community code relating to medicinal products for human use.
− Directive 2003/94/EC of the European Commission of 8 October 2003 laying down the principles and guidelines of good manufacturing practice in respect of medicinal products for human use and investigational medicinal products for human use.
− Directive 2005/28/EC of the European Commission of 8 April 2005 laying down principles and detailed guidelines for good clinical practice as regards investigational medicinal products for human use, as well as the requirements for authorisation of the manufacturing or importation of such products.
− Directive 95/46/EC of the European Parliament and of the Council of 24 October 1995 on the protection of individuals with regard to the processing of personal data and on the free movement of such data
− Council Directive 83/570/EEC of 26 October 1983 amending Directive 65/65/EEC,75/318/EEC and 75/319/EEC on the approximation laid down by law, regulation or administrative action relating to proprietary medicinal products
− Directive 2001/18/EC of the European Parliament and of the Council of 12 March 2001 on the deliberate release into the environment of genetically modified organisms and repealing Council Directive 90/220/EEC
− Helsinki Declaration in its latest version
− Universal Declaration on the human genome and human rights adopted by UNESCO
− The opinions of the European Group of Advisers on the Ethical Implication of Biotechnology (1991-1997), the opinions of the European Group on Ethics in Science and New technologies (as from 1998) and the opinions of the European Commission will also be taken into consideration.

The MID-FRAIL study is focused on evaluating the effectiveness of a multi-modal intervention in frail and pre-frail subjects aged 70 years or more with T2D in terms of function and quality of life in comparison with usual clinical practice. Considering that the research will involve human subjects (patient volunteers), there are some specific ethical issues that have been carefully considered:

14.1. [bookmark: _Toc302401183][bookmark: _Toc343274520]Informed Consent
All participants involved in the empirical phases of the study will be given both written and verbal information about the project. Efforts will be made to maximise communication and full understanding about the objectives, risks and inconveniences of the project and family members will be actively encouraged to become involved in discussions about the study. Individuals may take as long as they need to assimilate the information and decide whether they wish to participate, before their written informed consent will be sought. Potential participants who lack mental capacity to understand the nature and requirements of the study and who lack the ability to give informed consent will be excluded. As part of the consent process, participants will be informed of their right to withdraw from the project at any time and will also be asked specifically whether they consent that data collected during the study may continue to be used in the final analysis even if they should lose capacity whilst the study is ongoing.

14.2. [bookmark: _Toc302401184][bookmark: _Toc343274521]Confidentiality
The European Union is based on the principle of respect for fundamental rights. Article 8 of the Charter of Fundamental Rights of the European Union expressly recognises the fundamental right to the protection of personal data. In order to remove the obstacles to the free movement of data without diminishing the protection of personal data, Directive 95/46/EC (the Data Protection Directive) was developed to harmonise national provisions in this field.

The MID-FRAIL study policy with regard to data protection and privacy issues will take into account the above mentioned Data Protection Directive 95/46/EC. All study participants will be fully informed about the planned research use of the data that are collected. Thus participants will not only be informed about how their personal data is planned to be handled, but also to provide appropriate explicit authorisation.

Only data specifically required for the purposes of the research project will be collected. The education and exercise sessions will inevitably involve the sharing of information; hence privacy is a central ethical concern. Identifying information about participants will be kept to a minimum and participants will be given a unique identifier so that they will not be identifiable outside the research site and to ensure that complete anonymity is maintained. Data will be transmitted electronically between partners within the project in compliance with the relevant EU rules and will be stored on to the secure database that will be held by Cardiff University. The collected personal data will be securely stored for as long as the project lasts, or as long as required by individual centre ethics committees. Only the users that need to access the data will be allowed to do so.

All reports of the project will be in the form of anonymous collated data.

14.3. [bookmark: _Toc302401185][bookmark: _Toc343274522]Vulnerable adults and risk of harm
Since age and/or physical limitations do not mean that an individual is incapable of making an informed decision about participation in a study, it is not necessary to make any special protection for studies involving elderly persons or those who are physically ill or frail. Indeed, exclusion from research on these grounds would be unethical. Patients who lack the mental capacity to give fully informed consent to take part in the study will not be included. However, the MID-FRAIL study is highly aware of the need to adapt the process of informed consent to meet patients’ special circumstances, for example being prepared for the likelihood that a subject may have hearing difficulties or visual impairment. It will be emphasised to potential participants that their involvement in the study is entirely voluntary and they will be encouraged to ask questions and express any concerns throughout the study. No-one should be out of pocket by participating and modest travel expenses will be offered.
Although educational interventions, exercise and comprehensive geriatric assessment are often used in clinical practice with older people with diabetes, the balance of associated risks and hoped for benefits compared to usual clinical care is unknown. The principle of clinical equipoise therefore applies and random allocation to trial and control arms is valid. means that there is genuine uncertainty over whether a treatment will be beneficial. MID_FRAIL will provide sufficient evidence to guide future practice and the project will stop once clinical equipoise is no longer met.

14.4. [bookmark: _Toc302401186][bookmark: _Toc343274523]General Ethical Considerations
No ethical issues arising from the expected results are anticipated at this stage as all individual identifiers will be removed. The research should have a major impact on the delivery of health care and the education of professionals, but this should be positive, improving both the quality and effectiveness of care.

15. [bookmark: _Toc302381974][bookmark: _Toc302401187][bookmark: _Toc343274524][bookmark: _Toc182649409]DATA HANDLING AND RECORD KEEPING
15.1. [bookmark: _Toc343274525][bookmark: _Toc182646468][bookmark: _Toc182646943][bookmark: _Toc302381975][bookmark: _Toc302401188]Study data
The electronic Case Report Form (eCRF) has been designed to register every data required in the protocol and recovered by the investigator. One eCRF will be completed per patient under respect of the data protection law for every country.
eCRF has been designed by the leaders of SENSOLE sub-study.
The investigator or a designated person from his/her team will record the requested patient’s data in the eCRF and every other document required by the Sponsor. Every clarification, correction or modification in the eCRF will be done by the investigator or a designated person from his/her team.
The monitor should ensure that every eCRF is fully and correctly completed according to the source documents. Investigator will assure that all data recorded in the eCRF correspond with the information recorded in the source documents.

15.2. [bookmark: _Toc343274526]Data management
The Sponsor or delegated organization will be responsible for the data management and storage of the study data (on a data base).
The Sponsor, or delegated organization, is responsible for the data management including:
· Data transfer: data will be transferred from the eCRF, subjects questionnaires and sub study results (when applicable) to the study data base
· Data validation: data will be validated according to the data validation plan, as a consequence of the data validation process some data may require modifications. In this case a “query” to be answer by the investigator will be created. In some cases, mentioned in the data validation plan, modifications due to obvious mistakes will not be submitted to the investigator approval but investigator will be provided by a list of these modifications at the end of the study.
· Data coding: medical history, adverse events (when applicable please refer to the assessment of safety section of the protocol). and any abnormality obtained on any study test result will be coded using MedDRA and concomitant treatments using WHO-DD. Codification procedure is described on a specific manual

When data validation will be completed and after the final review is performed, the study data base will be considered as completed and its containing data as reliable. At this moment study data base will be closed and transfered to Cardiff University for statistic and economic department of the UCLM for data analyses.
At the end of the study a copy of the eCRFs from each site will be provided to each principal investigator

15.3. [bookmark: _Toc343274527]Study file
The investigator must store and preserve all the relevant information related to the study for the time established by the applicable regulations and at minimum for 5 years.
[bookmark: _Toc343274528]
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Appendix 1: Schedule of SENSOLE part II assessments

Schema of the activities that could take place at each contact with the participant during the sub study:

	 
	Baseline M0
	M0.5
	M1
	M2
	M4
	M6
	M12
	M16
	M20
	M24

	Neuropathy
	■
	
	
	 
	
	
	 
	
	 
	

	Skin autofluorescence (AGE)
	■
	
	
	 
	 
	
	 
	 
	 
	

	Vibrating threshold determination
	■
	■
	■
	
	
	
	
	
	
	

	Compliance to the intervention
	
	■
	■
	
	
	
	
	
	
	

	Sway measures
· Posturographic measures
· Timed Up and Go
· SPPB balance test
· SPPB walking (4m) test
	
■
■
■
■
	
■
■
■
■
	
■
■
■
■
	
	
	
■
■
■
■
	
	
	
	
■
■
■
■

	Biological samples
	 
	
	
	
	
	 
	
	
	
	 

	 Blood samples:
	
	
	
	
	
	
	
	
	
	

	    HbA1C
	■
	
	
	
	
	■
	
	
	
	■

	    Plasma glucose
	■
	
	
	
	
	■
	
	
	
	■

	    Creatinine
	■
	
	
	
	
	 
	
	
	
	■

	    Albumine
	■
	
	
	
	
	 
	
	
	
	■

	    Routine hematology
	■
	
	
	
	
	 
	
	
	
	■

	 Blood Pressure
	■
	
	
	
	
	■
	
	
	
	■

	Quality of Life evaluation
	 
	
	
	
	
	 
	
	
	
	 

	   SPPB
	■
	
	
	
	
	■
	
	
	
	■

	   Walking speed (6m)
	■
	
	
	
	
	■
	
	
	
	■

	   IADL (Lawton)
	■
	
	
	
	
	 
	
	
	
	■

	   BADL (Katz)
	■
	
	
	
	
	 
	
	
	
	■

	   Barthel Index
	■
	
	
	
	
	 
	
	
	
	■

	   Hypoglycemia rate
	■
	
	
	
	
	■
	
	
	
	■

	   Institutionalization rate
	 ■
	
	
	
	
	 
	
	
	
	■

	   Hospital admission rates
	■ 
	
	
	
	
	 
	
	
	
	■





[bookmark: _Toc302401190][bookmark: _Toc343274531][bookmark: _Toc302401193]
Appendix 2: SPPB
SHORT PERFORMANCE PHYSICAL BATTERY (SPPB)
1. BALANCE TESTING
[image: SPPB]Side-by-Side stand 
Instructions: I want you to try to stand with your feet together, side by side, for about 10 sec. Please watch while I demonstrate. You may use your arms, bend your knees, or move your body to maintain your balance, but try not to move your feet. Try to hold this position until I tell you to stop.


											□ < 10sec 	0pt
□ 10 sec	1pt	 

Postural readjustment: □ yes   □ no. 
[image: SPPB]   If yes, which one: □ arms   □ knees
Semitandem Stand 
Instructions: Now I want you to try to stand with the side of the heel of one foot touching the big toe of the other foot for about 10 seconds. You may put either foot in front, whichever is more comfortable for you. Please watch while I demonstrate.

											□ < 10sec 	0pt
											□ 10 sec	1pt


Postural readjustment: □ yes   □ no. 
[image: SPPB]   If yes, which one: □ arms   □ knees
Tandem Stand 
Instructions: Now I want you to try to stand with the heel of one foot in front of and touching the toes of the other foot for 10 sec. You may put either foot in front, whichever is more comfortable for you. Please watch while I demonstrate.

											□ < 3sec 	0pt
											□ 3 -9,99sec	1pt
											□ 10sec	2pts

Postural readjustment: □ yes   □ no. 
   If yes, which one: □ arms   □ knees

Balance Testing Score		└─┘/4	

2. WALKING SPEED (4M)

Instructions: This is our walking course. If you use a cane or other walking aid when walking outside your home, please use it for this test. I want you to walk at your usual pace to the other end of this course (a distance of 4m). Walk all the way past the other end of the tape before you stop. I will walk with you. Are you ready?
Best time of the two trials :        ,         sec		Step length :           cm

0 pt□ unable       1 pt□ > 8,7sec       2 pts□ 6,21 - 8,70       3 pts□ 4,82 - 6,20       4 pts□ < 4,82 sec			└─┘/4

[image: SPPB][image: SPPB]3. REPEATED CHAIR STANDS 

Instructions: Do you think it is safe for you to try and stand up from a chair five times without using your arms? Please stand up straight as quickly as you can five times, without stopping in between. After standing up each time, sit down and then stand up again. Keep your arms folded across your chest. Please watch while I demonstrate. I’ll be timing you with a stopwatch. Are you ready? Begin
0 pt□ > 60sec/unable   1 pt□ 16,7-59,9    2 pt□ 13,70-16,69   3 pts□ 11,20-13,69   4 pts□ ≤ 11,19 sec 		└─┘/4 

	                      TOTAL SPPB SCORE (Balance + Walk + Chair):       			└─┴─┘/12
[bookmark: _Toc343274532]Appendix 3: TUG
TIMED UP AND GO (TUG)[footnoteRef:1],[footnoteRef:2] [1:  Podsiadlo D, Richardson S. The Time “Up & Go”: A Test of Basic Functional Mobility for Frail Elderly Persons. Journal of the American Geriatrics Society 1991; 39(2): 142-8]  [2:  Shumway Cook A, Brauer S, Woollacott M. Predicting the Probability for Falls in CommunityDwelling Older Adults Using the Timed Up & Go Test. Physical Therapy 2000 Vol 80(9): 896-903
] 


1. EQUIPMENT: arm chair, tape measure, stopwatch.
2. BEGIN the test with the subject sitting correctly in a chair with arms, the subject’s back should resting on the back of the chair. The chair should be stable and positioned such that it will not move when the subject moves from sitting to standing.
3. Place a piece of tape or other marker on the floor 3 meters away from the chair so that it is easily seen by the subject.
4. INSTRUCTIONS: “On the word GO you will stand up, walk to the line on the floor, turn around and walk back to the chair and sit down. Walk at your regular pace.
5. START TIMING on the word “GO” and stop timing when the subject is seated again correctly in the chair with their back resting on the back of the chair.
6. The subject wears their regular footwear, may use any gait aid that they normally use during ambulation, but may not be assisted by another person. There is no time limit. They may stop and rest (but not sit down) if they need to.
7. The subject should be given a practice trial that is not timed before testing.
	    	                  TUG SCORE (sec):	     └─┴─┘,└─┘

INTERPRETATION 
Normal healthy elderly usually complete the task in ten seconds or less. Very frail or weak elderly with poor mobility may take 2 minutes or more.
< 10 seconds = normal
< 20 seconds = good mobility, can go out alone, mobile without a gait aid.
< 30 seconds = problems, cannot go outside alone, requires a gait aid.

Results correlate with gait speed, balance, functional level, the ability to go out, and can follow change over time.
A score of more than or equal to fourteen seconds has been shown to indicate high risk of falls.
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