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Abstract: Background: Frailty and cognitive impairment are common manifestations of the ageing process and
are closely related. But the mechanisms linking aging, physical frailty, and cognitive disorders, are complex
and remain unclear. Objectives: We aim to explore the role of cerebral amyloid pathology, but also a range
of nutritional, physical, biological or brain-aging marker in the development of cognitive frailty. Method:
COGFRAIL study is a monocentric prospective study of frail older patients with an objective cognitive
impairment (Clinical Dementia Rating Scale global score at 0.5 or 1). Three-hundred-and-twenty-one patients are
followed up every 6 months, for 2 years. Clinical assessment at baseline and during follow-up included frailty,
physical, mood, sensory, nutritional, and cognitive assessment (with a set of neuropsychological tests). Cerebral
amyloid pathology is measured by amyloid Positron Emission Tomography (PET) or amyloid-β-1-42 level in
cerebrospinal fluid. Brain magnetic resonance imaging, measurement of body composition using Dual X Ray
Absorptiometry and blood sampling are performed. The main outcome of the study is to assess the prevalence of
positive cerebral amyloid status according to amyloid PET or amyloid-β-1-42 level CSF. Secondary outcomes
included biological, nutritional, MRI imaging, cognitive, clinical, physical and body composition markers to
better understand the mechanisms of cognitive frailty. Perspective: COGFRAIL study will give the opportunity
to better understand the link between Gerosciences, frailty, cognitive impairment, and Alzheimer’s disease,
and to better characterize the physical and cognitive trajectories of frail older adults according to their amyloid
status. Understanding the relationship between physical frailty and cognitive impairment is a prerequisite for the
development of new interventions that could prevent and treat both conditions.
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Introduction
With population ageing, frailty has received growing interest
from scientific and clinical communities, as well as by the
public health authorities (1). Frailty is best defined as an
acceleration of the aging process, a condition of homeostatic
degradation across physiological systems leaving the individual
at high risk of negative health-related outcomes, including
disability, hospitalization and mortality. More recently,
a number of cross-sectional and longitudinal studies have
suggested that physical frailty was associated with late-life
cognitive disorders, including mild cognitive impairment
(MCI), non Alzheimer’s disease (AD) dementia, and AD (2,
3). Several mechanisms, known for playing a role in both
cognitive impairment and frailty have been proposed to explain
this link (4). Vascular risk factors, for example, are known to
increase the risk of stroke, cerebrovascular lesions, but also
sarcopenia, which are involved in the development of frailty
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on one hand and the development of vascular dementia but also
AD on the other hand (5). Several nutritional factors, such as
undernutrition, weight loss, reduced caloric or specific nutrients
intake, are also associated with a higher risk of both frailty
and cognitive impairment (6–8). Genetic and environmental
stressor, depression, hormonal dysfunctions may also play a
role (4, 8). Another hypothesis is the existence of a direct link
between brain pathology and frailty. Several neuropathological
studies, using brain autopsies from the Religious Orders Study
and the Rush Memory and Aging Project, have explored the
association between physical frailty, cognitive decline and
the presence of postmortem neuropathologies (9–11). They
reported an association between progressive frailty before death
and common brain pathologies including AD pathology, Lewy
Body pathology, macroinfarcts and nigral neuronal loss, in
older adults with but also without dementia. Focusing on AD
biomarkers, PET amyloid imaging studies have also suggested
an association between regional brain β-amyloid deposition and
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frailty parameters (12–14).
Despite mounting evidence that cognitive impairment
and frailty are closely connected, and that AD pathology
could play a role in their co-expression (15), there are still
insufficient data exploring this pathological pathway and
their potential confounders, especially in vivo. Moreover,
longitudinal data are still lacking to understand the evolution of
cognitive impairment in the frail and pre-frail population. The
COGFRAIL study is a large clinic-based cohort of frail older
adults with cognitive impairment. Investigations include regular
clinical, cognitive, physical, nutritional, biological assessment
and neuroimaging (amyloid PET and Magnetic Resonance
Imaging, MRI). In this study, we seek to better understand the
proportion of cognitive decline, which can be explained by
an AD pathology in frail older adults. It will also allow us to
study the role of a range of aging biomarkers with a geroscience
approach.
Methods and analysis
Aim and objectives
The main objective of the study is to examine the prevalence
of subjects with a positive cerebral amyloid status according
to amyloid PET or amyloid-β-1-42 level cerebrospinal fluid
(CSF), among frail and pre-frail individuals presenting an
objective cognitive impairment. The key secondary objectives
are to examine changes in cognitive function, physical function,
frailty status and body composition during follow-up. We
also aim to explore the relationship between these parameters
(at baseline and their change during follow-up) and 1/MRI
markers, 2/food intake, and 3/nutritional and aging biomarkers
(including APOE genotype). Other secondary objectives
are to explore the association between cognitive decline
during follow-up and changes in physical function, sensory
impairments, frailty and body composition, These objectives
will be explored in the total population, and also according
to the amyloid status. A last objective is to estimate costs
related to the management of frail and pre-frail older patients
presenting an objective cognitive impairment.
Study design
COGFRAIL is a monocentric observational prospective
study. The participants are followed up every 6 months, during
2 years after enrolment.
Study population and eligibility criteria
Three hundred twenty-one participants were recruited
for this study, between January 2017 and February 2020.
Participants were invited to participate during a routine frailty
or cognitive assessment, at the Gerontopôle, University of
Toulouse Hospital Center, at the Frailty Clinic, Memory Clinic,
or during community-care assessment.
The frailty clinic is a geriatric day hospital unit, dedicated to
the assessment and follow-up of frail older adults. Patients were

referred after having been identified as frail by their general
practitioner using the Gerontopôle Frailty Screening Tool (16).
Its functioning is well described elsewhere (17). Most of the
participants were recruited at the frailty clinic, as the study is
designed following the standardized clinical assessment and
follow-up implemented in this unit. The enrollment was also
extended to community care, through frailty promotion program
developed locally (18) and during usual cognitive assessment at
the memory clinic.
Inclusion criteria are:
• Having an objective memory impairment defined by a
Clinical Dementia Rating (CDR) global score at 0.5 or 1 (19)
• Age ≥ 70 years
• Having at least 1 frailty criteria according to Fried’s criteria
(20)
• Having an informant accompanying or available by phone
• Being affiliated to a healthcare security system.
Exclusion criteria are:
• Presence of any pathology or severe clinical or psychological
condition that, based on medical judgment, might interfere
with study results or may expose the participants to
additional risks
• Dependency (Activities of Daily Living (ADL) <4) (21)
• A major deterioration in global cognitive function (Mini
Mental State Examination (MMSE<20) at inclusion (22)
• Adults legally protected (under judicial protection,
guardianship or supervision).
Study outcomes and data collection
The study protocol consists of six visits (figure 1): three
annual frailty assessment (baseline visit, visit at year 1 and 2),
one neuroimaging visit within 4 months after inclusion, and two
follow-up visits for medical consultation at 6 and 18 months.
Table 1 and 2 shows the details of study outcomes and data
collection time points.
Cognition
The Mini-mental State Examination (MMSE) and CDR scale
are used to assess global cognitive impairment at baseline. For
cognitive outcomes, MMSE is repeated every 6 months and
CDR each year. A neuropsychological battery is performed by a
neuropsychologist at baseline, 12 and 24 months and is detailed
in table 1.
Four of these cognitive tests are used to create a « composite
z score » previously used in MAPT study (23).
Physical function
Frailty is evaluated according to Fried phenotype, based on
the five physical criteria developed by Fried and colleagues:
weight loss, exhaustion, weakness, low physical activity and
slowness (20). Weight loss is defined by an unintentional
weight loss of more than 4.5 kg in the previous year. Self-
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Figure 1
Participant’s follow-up during the study

reported exhaustion is assessed using two questions from
Center for Epidemiological Studies Depression (CES-D)
scale: “How often did you feel that everything you did was an
effort?” and “How often did you feel that you could not get
going” (24). Participants that answered “most of the time” or
“often” to one of the questions were categorized as frail for
this item. Weakness / hand grip strength is measured with a
dynamometer: interpretation of results takes into account sex
and body mass index [BMI]). Slow gait speed is defined by
walking time over a distance of 4 meters: interpretation of
results takes into account sex and height. Physical activity is
evaluated using a scale developed by Saltin and Grimby and
modified by Mattiasson-Nilo et al. (25). This Classification
system of physical activity includes physical training/ exercises
and domestic activities and consists of 6 grades: 1/ Hardly any
physical activity, 2/ Mostly sitting, sometimes a walk, light
gardening or similar tasks, sometimes light household activities
such as heating up food, dusting or clearing up 3/ Light physical
exercise around 2–4 h a week such as walks, fishing, dancing,
and ordinary gardening, including walks to and from shops.
Main responsibility for light domestic work such as cooking,
clearing up and making beds. Performs or takes part inweekly
cleaning, 4/ Moderate exercise 1–2 h a week, e.g., jogging,
swimming, gymnastics, heavy gardening, home-repairing, or
light physical activity more than 4 h a week. Responsible for
all domestic activities, light as well as heavy. Weekly cleaning
with vacuum cleaning, washing floors and window-cleaning, 5/
Moderate exercise at least 3 h a week, e.g., tennis, swimming,
and jogging, 6/ Hard or very hard exercise regularly and several
times a week, where physical exertion is great, e.g., jogging
and skiing. The “low physical activity” criteria is met if the
participant is graded 1 or 2. According to these criteria, subjects
were categorized as non-frail (=0 criteria), pre-frail (=1 or 2
criteria), or frail (≥3 criteria) (20). Physical performance is
evaluated with the Short Physical Performance Battery (SPPB)
scale, a tool combining gait speed, chair stand and balance tests
(26). To explore the existence of Parkinson’s signs, the Unified

Parkinson’s Disease Rating scale will be evaluated at the
second visit at 6 months (27).
Moreover, a dual energy X-ray absorptiometry (DEXA) is
be performed optionally at baseline, 12 and 24 months (system
Lunar iDXA), to measure the whole body composition (fat
mass, muscle mass, bone mass) and identify sarcopenia.
Food intake and nutritional status
Nutritional status is assessed using baseline body weight,
change in body weight, Body Mass Index (BMI, in kg/m2) and
the Mini Nutritional Assessment-Long Form (28). Depending
on total MNA score, patients are classified as well nourished
(>23.5 points), at risk of malnutrition (17–23.5 points) or
malnourished (<17 points).
The dietary macronutrient and micronutrient intake of the
participants is assessed using diet history interviews performed
annually with the clinics dietitian. Diet history is a detailed
interview (lasting about 45 min) on the usual dietary intake
of the subject including all meals, drinks (including alcohol
consumption) and snacks. This interview will collect a typical
daily intake pattern, including amount, frequencies and methods
of preparation. The resulting data are then analyzed using
Nutrilog software (SAS, France) to calculate the nutrient intake.
Beta amyloid-level: PET imaging and CSF amyloid level
The primary outcome of this study is the prevalence
of subjects with a positive amyloid status as corroborated
with amyloid Positron Emission Tomography (PET) or
amyloid-β-1-42 level in CSF. Amyloid PET imaging is a
relatively non-invasive technique to detect brain beta-amyloid
pathology, and has proven to be effective in the early diagnosis
of AD (29). To date, only a few studies have explored cerebral
amyloid pathology using amyloid PET scans in frail patients
(13, 14).
Participants receive an intravenous injection of the
following radiotracers, depending on their availability: Amyvid
(18F-Florbetapir), Neuraceq (18F-Florbetaben) or Vizamyl
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Table 1
COGFRAIL study outcomes and other assessments
Primary outcome

Amyloid status (amyloid PET-imaging or amyloid-β-1-42 level CSF)

Secondary outcomes

Cognition and mood :
• MMSE score
• CDR scale score
• Free and Cued Selective Reminding Test (FCSRT) (with 2 different word lists at alternating visits to avoid learning effects)(56)
• Digit Symbol Substitution Subtest of the Weschler Adult Intelligence Scale-Revised (WAIS DSST) (57)
• Trail Making Test A and B (58)
• Controlled Oral Word Association Test (COWAT) and the Category Naming Test (CNT) (59)
• Geriatric Depression Scale (GDS) (60)
Physical function :
• Fried criteria
• Activities of Daily Living (ADL)
• Instrumental Activities of Daily Living (IADL) (61)
• Short physical performance battery (SPPB) (26)
• Whole body composition measured by dual energy X-ray absorptiometry
Nutritional status :
• Body weight
• Body Mass index
• Mini Nutritional Assessement (MNA) (62)
• Diet history (dietary macronutrient and micronutrient intake)
Brain MRI :
• Whole brain volumetry (and total grey and white matter volume), hippocampal volumetry
• White matter hyperintensities volume,
• Connectivity indexes, cortical thickness, indices derived from diffusion imagin in region of interests and sulcal morphology
Other clinical assessments :
• Demographic data (birth date, gender, education, marital status, living arrangements, formal/informal caregiving)
• Medical history and incident pathologies during follow-up
• Medications
• Vision and hearing disorders : Snellen Scale, Parinaud scale, Amsler grid, Hearing Handicap Inventory for the Elderly-Screening
version (HHIE-S).

PET : Positron Emission Tomography , CSF : Cerebrospinal Fluid, MMSE : Mini-Mental State Examinatino, CDR : Clinical Dementia Rating MRI : Magnetic Resonance Imaging

(18F-Flutemetamol). A systematic review and meta-analysis
exploring the diagnostic accuracy of these biomarkers for AD
did not find differences between these 3 amyloid radiotracers
(30). The injected dose depends on the radiotracer selected:
4Mbq/kg for florbetapir, 300 Mbq for florbetapen and 185
Mbq for flutemetamol. PET Scans were acquired at the PET
facility of Toulouse University Hospital using a BiographTM 6
TruePointTM (Siemens Medical Solutions, Munich, Germany)
high-resolution hybrid PET/CT scanner. Following the Euratom
Directive 96/29 and its implementation in France by Decree
2002-460 for healthy volunteers and patients, the injected
dose and the parameters of brain scanner are adapted to a
quality examination with the least irradiation possible. Image
emission starts 90 (+5) minutes after radiotracer injection,

for a 10 minutes acquisition period. The PET images are
reconstructed iteratively and attenuation corrected according to
the Hounsfield unit scale from the brain scan.
Amyloid positivity is determined by visual reading: 2
independent nuclear medicine physicians, highly trained to
amyloid PET reading and blind to all clinical and diagnostic
informations, review all PET scans in a randomized order. They
use a binary scale to classify each scan as “amyloid negative”
in absence of significant cortical retention, and “amyloid
positive” in presence of significant cortical retention. In case of
disagreement, the two reviewers review the images again until a
consensus is reached.
Global as well as regional standardized uptake volume ratios
(SUVRs) will also be obtained by semi-quantitative analyses,
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Table 2
Data collection time-points of the COGFRAIL study
V-1

V0

V1

V2

V3

V4

V5

Pre-Screening

Baseline*

4 months
following 1st day
hospital

6 months

12 months

18 months

24 months

Consent

X

X*

Sociodemographic characteristics

X

X*

Medical history †

X

X*

Cognition ‡

X

X*

X

X*

X
MMS

UPDRS
Neuropsychiatric profile §

X

X
MMS

X

X*
X

X

Sensory function

X

X*

X

X

Frailty phenotype (Fried)

X

X*

X

X

Physical function||

X

X*

ADL, IADL

X

ADL, IADL

X

Nutritional status {

X

X*

WEIGHT

X

WEIGHT

X

Dietary assessment

X**

X*

X**

X**

Muscle composition (DEXA)

X**

X*

X**

X**

X

X

X

X

Blood markers

X

Biobank & Nutritional biomarkers #

X

APOE genotyping

X

MRI

X**

PET or CSF

X

* if non evaluated during screening visit; † Associated pathologies, Treatments, family history of disease; ‡ MMSE, CDR, FCSRT, DSST, COWAT, CNT, TMT; § NPI, GDS, EQ-5D-5L;
|| IADL, ADL, SPPB; { MNA, BMI, weight; # Fatty acid profile, Vitamin D, B6, B9, B12, homocystein; ** optional

using the whole cerebellum as reference region. Determination
of SUVRs cut-off will be determined according to the literature,
and others cut-off will be explored.
Depending on the patient’s acceptablity and the clinical
context, a lumbar puncture with CSF amyloid-β-1-42
measurement can be proposed, as a second option to measure
beta-amyloid level. If CSF is collected, CSF level of total
tau and phosphorylated tau are also measured. While not
always interchangeable, PET amyloid imaging and CSF
amyloid level show high correlation, with good concordance
using dichotomized variables (31, 32). A lumbar puncture
is performed following standardized conditions to collect
5 to 10 mL of CSF sample in 2 polypropylene tubes. The
quantitative determination of beta-amyloid peptide in CSF
will be performed at the Toulouse Bio Ressources (Centre de
Ressources Biologique CRB) using the INNOTEST B-amyloid
(1-42) enzyme immunoassay (FUJIREBIO). A cut-off of 500
pg/mL will be applied for the determination of the amyloid
status.
Magnetic Resonance imaging
Only a few neuroimaging studies have investigated the
association between frailty and structural neuroimaging
markers (33, 34). One of the main finding was the positive

association between a higher burden of white matter lesions and
the prevalence of frailty but also slow gait speed. A positive
association between slow gait speed and brain atrophy, smaller
gray matter volume, smaller total hippocampal volume and
resting state connectivity were also suggested in some studies
(35–37), but these results remain scarce.
Our objective is a better understanding of brain imaging
modifications associated with frailty and cognitive impairment
and to identify potential biomarkers of cognitive frailty. A
MRI is performed once, within 4 months of the inclusion.
All MRI data are collected on a 3-Tesla MRI scanner with
a multi-channel head coil. The imaging analyses rely on the
CATI (a platform dedicated to multicenter neuroimaging). The
protocol is partly derived from the ADNI (Alzheimer Disease
Neuroimaging Initiative) study and includes a scan with the
following sequences: 3DT1, T2FLAIR, T2FSE, T2GRE,
resting-state functional MRI and diffusion MRI. Quality
controls will rely on the CATI. MRI analysis include: whole
brain volumetry (and total grey and white matter volume),
hippocampal volumetry, white matter hyperintensities volume,
connectivity indexes, cortical thickness, indices derived from
diffusion imagin in region of interests and sulcal morphology.
This examination is not mandatory, depending on
compatibility for MRI examination and medical pertinence
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(patients who underwent a cerebral routine MRI scan for
cognitive investigation on the year preceding inclusion were not
asked systematically to undergo a second examination).
Blood sampling
Blood samples are collected at 2 times point during the
study (at 6 months and 24 months) to obtain longitudinal
data on biomarkers. A 22 ml blood sample is taken in fasting
condition each time: 2 clot activator tubes (2x 6 mL), 1
ethylenediaminetetraacetic (EDTA) tube (6 mL) and 1 lithium
heparin tube (4 mL). Right after blood drawing, the samples are
transferred directly at 4°C to the CRB (Centre de Ressources
Biologiques) Toulouse Bio Ressources. One milliliter of
blood is taken to measure immediately a series of nutritional
biomarkers (Vitamin D, B6, B9, B12, homocysteine and
fatty acids including EPA and DHA), due to their instability.
The rest of the blood sample (plasma, serum and pellet) is
aliquoted in 500 µL cryotubes and frozen at -20°C to constitute
a biobank. All aliquots are in a second time transferred in
a freezer at -80°C. The biobank will permit to measure a
range of biological marker of aging potentially linking frailty
to cognitive impairment (e.g inflammatory, metabolomics,
nutritional, oxidative stress or genomic markers). A biobank
scientific committee will be set up, in collaboration with the
one of the INSPIRE study (38), to determine the scientific
directions and research priorities in this cohort.
Additionally, results from the standard blood tests usually
done in clinical routine at the Frailty or Memory Clinic at the
time of inclusion are extracted from patients medical record:
they include CRP, creatinine, hemoglobin, platelets, leukocytes,
and TSH.
Biological ancillary studies
An ancillary study to explore the link between peripheral
blood mononuclear cells (PBMC) and neurodegeneration
was submitted 20 march 2020. Two additional EDTA
tubes (2x6 mL) will be collected at 6, 12 and 24 months for
immunological assessment. The samples will be transferred
at room temperature to CRB where PBMC will be collected
after density gradient-based separation, counted and frozen at
10 millions/cells per vials. Frozen vials will be stored in liquid
nitrogen by the immune monitoring platform at the Center for
Pathophysiology of Toulouse-Purpan (CPTP).
Health Economic
Costs examined are those related to the management of
patients enrolled in the study. Cost estimates are performed
from the health insurance perspective and more broadly from
the societal perspective (i.e. patients and families). Costs taken
into account are direct medical costs (inpatient, outpatient,
and medication), direct non-medical costs (transportation,
formal care) and informal costs. The expenses incurred in the
management of patients are recorded over a 2 years period from
the French health insurance databases and from questionnaires

for formal and informal costs.
Ethical approval
Ethical approval was obtained from the institutional
research committee (CPP SOOM II) on 02 December 2016
((Registration Number: RC31/16/8753). The protocol was
registered on ClinicalTrials.gov (NCT03129269).
Discussion
The COGFRAIL study will give the opportunity to
determine for the first time the prevalence of cerebral amyloid
pathology in frail older adults with cognitive impairment, to
assess their cognitive and physical progression over a 2 years
follow-up period, and to explore the impact of a range of
nutritional, imaging, biological marker in the development and
progression of cognitive frailty.
Many Alzheimer drug trials have failed through the last
several years. We stressed that frailty and dementia could be
closely interrelated, but frailty is not taken into account in AD
trials and could be a new axis of intervention (39). COGFRAIL
will give a unique opportunity to better understand the links
between AD, aging, and frailty.
First, this study is an opportunity to better understand the
links between amyloid pathology and frailty. Recently, with the
perspective to explore the discrepancy between brain level of
AD pathology and cognitive decline, Wallace et al. suggested
that frailty could moderate the relationship between AD
pathology and the expression of dementia (40). They suggested
that frailty could modulate the expression of AD pathology:
subjects with a low degree of frailty were less prone to express
AD dementia in presence of AD pathology, and inversely
subjects with a high degree of frailty are more likely to express
AD dementia even with low burden of AD pathology. The
COGFRAIL study could allow to assess the impact of physical
frailty on brain areas involved in cognitive resilience (with
brain baseline MRI) and to study brain mechanisms involved in
the clinical expression of frailty and amyloid pathology.
Secondarily, this study will focus on the role of nutrition in
the development and progression of cognitive frailty. There
is growing evidence that vitamins B6, B12, B9, polyphenol,
carotenoid and omega-3 PUFA (polyunsaturated fatty
acids) may play a protective role in cognitive decline (41,
42). Deficiencies in these micronutrients are common in
older adults, particularly those who are frail or cognitively
impaired (43, 44). They may represent a population of interest
on which nutritional strategies could be targeted to slow down
neurodegenerative progression. However, certain studies have
provided controversial results on the effect of dietary regimens
or nutritional supplementation on cognitive decline (including
study of cognitive functions, and brain imaging biomarkers).
One of the potential reason is the lack of data supporting
probable synergies between nutrients or food groups (45, 46)
because they were focused on single nutrients. Moreover,
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interactions with others factors such as health behaviours,
ApoE genotype, or other personal characteristics (46, 47) must
be taken in account to better understand direct and indirect
relationships between nutrition and cognitive decline. The
COGFRAIL study will give us significant information on the
impact of nutrition on cognition and physical frailty using a
wide range of data including blood measurement of nutritional
biomarker, detailed dietary interview, clinical assessment and
DEXA measurement.
Gathering blood samples and longitudinal clinical data on
cognitive and physical functions (but also mood, nutrition and
sensory functions) from older persons at risk of functional
decline will allow us to test geroscience hypotheses. Indeed,
markers of biological age are needed to better understand
the heterogeneity of the aging process among individuals,
to implement interventions to promote healthy aging, and
to monitor the response to these interventions. To date,
putative biomarkers of aging were proposed mainly for their
association(s) with mortality or age-related disease, but none
of them are validated for their ability to predict the decline
of several functions (e.g. cognition and locomotion) (48–50).
For this purpose, we will combine « omics » and hypothesisdriven approaches focused on putative biomarkers related
to hallmarks of biological aging (e.g. loss of proteostasis,
deregulated nutrient sensing, mitochondrial dysfunction,
cellular senescence, or inflammaging) (51,52). The COGFRAIL
study is associated to the Inspire Research Platform on Healhty
Aging and Gerosciences, a translational geriatric program
(53–55).

(http://creativecommons.org/licenses/by/4.0/), which permits
use, duplication, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative
Commons license and indicate if changes were made.
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