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Abstract

Frailty is a condition of increased vulnerability to stressors due to age-related declines in
physiologic reserves across neuromuscular, metabolic and immune systems. Frailty is considered a
medical geriatric syndrome with multiple causes and contributors and it is characterized by
diminished strength, power and endurance. In the definition of the frail phenotype a key role could
be played by nutrition and inflammation. The aim of this PhD thesis was to screen elderlies from
the Moli-sani Study population to identify frail individuals and evaluate a possible relation between
frailty, mediterranean diet (MD) and inflammation. The Moli-sani Study is an ongoing, prospective,
population based cohort of 24,325 men and women (aged > 35 years) who were randomly recruited
from the general population of the Molise region, between March 2005 and April 2010, with the
purpose of investigating genetic and environmental risk factors in the onset of cardiovascular,
cerebrovascular and tumor diseases. The recall phase of the Moli-sani Study started in March 2017
and a subsample of partecipants aged >65 years were selected for the purpose of this PhD thesis.
Finally, 226 elderly participants (mean age 72.7£5.5 years) attended the follow-up visit from May
2018 to May 2019. To assess frailty, the Survey of Health, Ageing and Retirement in Europe-Frailty
Instrument (SHARE-FI) was used. Two SHARE-FI calculators, one for women and one for men,
were used to categorize the population studied into three categories: non-frail, prefrail and frail.
Dietary information were collected through the European Prospective Investigation into Cancer and
Nutrition Food Frequency Questionnaire (EPIC-FFQ). Adherence to MD was calculated using the
Trichopoulou score. Cognitive impairment and health-related quality of life were studied using two
questionnaires: Montreal Cognitive Assessment (MoCA) and Short Form Health Survey (SF-36).
Biochemical markers for cardiovascular diseases (total cholesterol, HDL-cholesterol, tryglicerdides,
glucose) were tested on serum samples. Additionally, blood inflammation and coagulation
biomarkers were determined: high sensitive C Reactive Protein (hs-CRP), blood cell count and D-
dimers. Taking into account the inflammation biomarkers, a low-grade inflammation score
(INFLA-score) was also calculated. The prevalence of non frail, pre-frail and frail individuals was
78.8%, 15.9% and 5.3%, in the Moli-sani elderly cohort, respectivelly. Pre-frail and frail categories
were collapsed to create a dichotomous variable having just two categories: “pre-frail/frail” vs “non
frail” individuals. Women were more pre-frail/frail than men (28.2% vs 14.7%, P=0.015). Pre-
frail/frail individuals were older than non-frail individuals (mean £SD: 75.1+6.0 vs 72.1+5.2 years,
P=0.0008). Pre-frail/frail elderly people showed a higher prevalence of cardiovascular disease and

hypertension.



There was no difference between normal and pre-frail/frail elderly people in the adherence to MD.
However, considering participants aged 65-69 years (N=88), pre-frail/frail subjects showed a higher
prevalence of a lower adherence to MD than non-frail elderlies (50.0% vs 21.6%, P= 0.054). There
was no significant difference in dietary habit between pre-frail/frail and non-frail participants,
except for legume (P=0.010), fruits and nuts consumption (P=0.047), whose consumption was
lower in pre-frails/frails. Pre-frail/frail elderlies showed a higher cognitive impairment (MoCA test,
mean £SD: 22.1+4.1 vs 23.6+3.5, P=0.023) and aworse perception of physical health-related quality
of life (SF-36 physical dimension score, mean £SD: 41.8+7.1 vs 45+5.8, P=0.0057) than non-frails.
Pre-frail/frail individuals had lower levels of serum total cholesterol than non-frails (mean +SD:
185.6+38.9 vs 210+43.8mg/dL, P=0.0004), which could be associated to higher use of lipid-
lowering drugs (43.2% vs 29%, respectively). High blood levels of hs-CRP was found in pre-
frails/frails as compared with no-frail elderly people (median (IRQ): 2.5 (1.0;4.8) vs 1.4 (0.8;3.5)
mg/L, P=0.043). D-dimers plasma levels were also higher in pre-frails/frails compared to the non-
frails (median (IRQ): 298 (227;460) vs 254 (226;328) ng/mL, P=0.053). Pre-frails/frails showed
higher levels of blood inflammation (hs-CRP) and coagulation (D-Dimers) biomarkers which
confirm the coexistence of the two processes, but not of cellular inflammation biomarkers (WBC,
platelets). These findings may be relevant to promote interventions controlling inflammatory

pathways to achieve important improvements in the elderly population.



Chapter 1: Introduction

1.1 Frailty in elderly people: definition and characteristics

In the last century the average life expectancy at birth has been remarkably increased from roughly
45 years in the early 1900s to approximately 80 years today. By 2050, over 21% of the global
population, or two billion persons, will be over 60 years of age [1]. This will lead to an increase in
many age-related conditions, including frailty [2]. Frailty literally expresses the property of some
materials that, without deforming, break when they are subjected to impacts. The same word is used
to describe the characteristics of weakness and delicacy, referring to things or people. The term
frailty started to appear in the geriatric and gerontology literature about 50 years ago, proposed as a
predictive model for dependency, physical and mental decline in older persons [2,3]. Prior to this,
other terms such as chronic sick, debilitated, disabled, sedentary institutionalized, incapacitated, or
functionally dependent elderly were used to describe older person at risk of mortality or other
adverse outcomes [4]. In 1974, Charles F. Fahey and the Federal Council on Aging (FCA) of the
United States introduced the term frail elderly for a special group of older adults with “physical
debilities and emotional impairment, as well as debilitating physical and social environments” Who
needed additional attention [4-7]. By 1978, the FCA defined the frail elderly as “persons, usually
but not always over the age of 75 who, because of an accumulation of various continuing problems,
often require one or several supportive services in order to cope with daily life” [4]. A significant
increase in publications about frailty has been observed since the beginning of the 1990°s. At this
time, frailty was often defined as functional dependence for the activities of daily living, associated
with chronic diseases. As an example, Pawlson LG [8] focused on multiple illness in frail persons,
MacAdam M et al. [9] referred to them as “elderly with chronic conditions” and Williams FM et al.
[10] defined them as ‘“requiring long-term hospital care owing to chronic debilitating diseases”.
Woodhouse KW and colleagues [11] gave the following description of frail persons in their article
“Who are the Frail Elderly? The frail elderly are individuals, over 65 years of age, dependent on
others for activities of daily living, and often in institutional care. They are not independently
mobile — whilst they do not have overt cardiac, respiratory, hepatic, renal or metabolic disease,
minor abnormalities may be revealed on laboratory investigation. They may require regular
prescribed drug therapy. Conditions contributing to frailty commonly include Alzheimer's disease,
multi-infarct cerebrovascular disease, Parkinsonism, osteoporosis, osteoarthritis, and healed

fracture events”.



In 1992, Buchner DM and Wagner EH revised the definition of frailty [12]. They defined frailty as
a reversible condition of reduced physiologic reserve associated with decreases in physiologic
capacity in neurologic control (indicated by diminished ability to perform complex tasks),
mechanical performance (e.g. diminished strength), and energy metabolism (e.g. decreased aerobic
status due to cardiac or pulmonary diseases or both). This increased attention to frailty during the
last 30 years was accompanied by the rapid growth of different concepts and definitions of frailty.
Most commonly, frailty is now defined as a state of decreased reserve and decline in multiple
physiological systems that results in an increased risk of adverse outcomes such as falls, decreased
mobility, slow recovery from any illness, reduced independence and increased hospitalization,
disability, and death [2,13-19]. It is very important to distinguish frailty from comorbidity and
disability, because they are often used interchangeably to identify the physically vulnerable subset
of older adults requiring enhanced care. Recent researches supports geriatricians’ perceptions that
these are distinct clinical entities, although interrelated, and that clinical management of each of
these has its own unique content and challenges. Disability is defined as difficulty or dependency in
carrying out activities essential to independent living, including essential roles, tasks needed for
self-care and living independently in a home, and desired activities important to one’s quality of life.
Physical disability is mostly diagnosed by self-report of difficulty in specific tasks, but objective
and performance-based tests of function also exist. It is recommended by several organizations that
clinicians screen for disability in self-care tasks (Activities of Daily Living, ADL) and tasks of
household management (Instrumental Activities of Daily Living, IADL) on an annual basis in
persons aged older than 70 years. Instead, comorbidity is the concurrent presence of two or more
medically diagnosed diseases in the same individual, with the diagnosis of each contributing disease
based on established and widely recognized criteria [20-22]. In this sense, the concept of
comorbidity could be viewed as an interface between the geriatric paradigm of health and the more
traditional medical definition of disease [22]. Frailty is distinct from, but overlapping with, both
comorbidity and disability. In addition, both frailty and comorbidity predict disability, adjusting for
each other; disability may well exacerbate frailty and comorbidity, and comorbid diseases may
contribute, at least additively, to the development of frailty. Early data from the Cardiovascular
Health Study (CHS) also suggest that the presence of disability or frailty could contribute to
development or progression of chronic diseases, possibly through the lower activity levels
associated with the former two conditions, or through other pathways affecting some basic
biological mechanism essential to the maintenance of homeostasis, such as inflammation, or

sympathetic—parasympathetic equilibrium [23-25].



These causal relationships provide explanation for the frequent co-occurrence of these conditions,
and suggest the clinical importance of differentiating them so as to identify appropriate
interventions. There are causal interrelationships that can help explain why these three entities are
likely to co-occur. A clinical manifestation of this co-occurrence is the high likelihood of finding a
greater proportion of frail persons among those who are disabled than among the nondisabled. This
is supported in data from the Women’s Health and Aging Study, in which 28% of this moderately to
severely disabled population of women aged 65 years and older living in the community were frail,
compared to 7% of a healthier subset of older women in the CHS [26]. Despite numerous
contemporary theories and models, the causes of frailty are not yet fully understood. Numerous
functional tests, questionnaires and indexes to categorize frailty have been proposed. Nevertheless,
validity, reliability and agreement, responsiveness and the interpretability for general elderly
populations remained unclear, so that geriatricians cannot yet diagnose frailty. Most frailty models

cover seven major domains as reported in table 1.

Table 1 — The seven major domains of frailty and their operationalization.

‘ FRAILTY DOMAINS OPERATIONALIZATION
1. Nutritional status Body weight, appetite, Body Mass Index (BMI)
2. Physical activity Level of physical activity, leisure time physical (group) activity,
or mobility g;ilgsétgdor needing help walking/moving in and around the house,
3. Strength or energy Tiredness, energy level (for example exhaustion/fatigue), lifting an

object that weighs over 5 kg, weakness in arms and/or legs,
performing chair stands, climbing stairs, grip strength, calf muscle
circumference

4. Cognition and mood Memory problems, diagnosed dementia or cognitive impairment,
depression/depressed mood, sadness, anxiety, nervousness

5. Social relations/social Social recourses, emptiness/missing people around
support

6. Comorbidity Presence of different diseases, medication

7. Problems of sense Vision and hearing problems




The phenotypic definition of frailty as a geriatric syndrome was first proposed by Fried LP et al.
[2], and was tested in the CHS. A phenotype of frailty is identified by the presence of three or more
of the following components:

1. Shrinking: weight loss, unintentional, of >10 pounds in prior year or, at follow-up, of >5% of
body weight in prior year (by direct measurement of weight).

2. Weakness: grip strength in the lowest 20% at baseline, adjusted for gender and body mass index
(BMI).

3. Poor endurance and energy: as indicated by self-report of exhaustion. Self-reported exhaustion,
identified by two questions from the Center for Epidemiologic Studies Depression Scale (CES-D),
is associated with stage of exercise reached in graded exercise testing, as an indicator of VO, max,
and is predictive of cardiovascular disease.

4. Slowness: the slowest 20% of the population was defined at baseline, based on time to walk 15
feet, adjusting for gender and standing height.

5. Low physical activity level: a weighted score of kilocalories expended per week was calculated
at baseline, based on each participant’s report. The lowest quintile of physical activity was
identified for each gender.

The Fried criteria [2] revolve around the age-related loss of muscle mass and strength known as
sarcopenia. According to recommendations by the European Working Group on Sarcopenia in
Older People (EWGSOP), sarcopenia is a syndrome characterized by the progressive and
generalized loss of skeletal density, muscle mass, and strength, leading to a risk of adverse
outcomes such as physical disability, poor quality of life and death [27]. The EWGSOP
recommends using the presence of both low muscle mass and low muscle function (strength or
performance) for the diagnosis of sarcopenia. As shown in figure 1, weakness and low physical
function are cornerstones for the diagnosis of sarcopenia as well as for frailty. Sarcopenia has more
frequently been the object of research in basic science, whereas in clinical practice much more
attention has been given to frailty [28]. However, looking more closely at the pathogenesis of both
these conditions, we find a lot of common details [2,29]. Both sarcopenia and phenotype frailty
have been identified as predictors of similar adverse outcomes [16,17,30]. In addition, many of the
adverse outcomes of phenotype frailty, such as increased risk of falls and fractures, disability, and
loss of functionality and independence are probably mediated by sarcopenia. Thus, sarcopenia is a
central biological substrate of frailty [28,29,31-32].
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Figure 1 — Cycle of frailty hypothesized by Fried LP et al. Chroinc
undernutrion due to an inadequate intake of protein and energy, weight
loss and aging determines a condition of sarcopenia which results in a
diminished strength, power, resting metablocic rate and walking of speed.
All these factors could contribute to a frail phenotype [2].

From the biomedical and clinical perspective, frailty is broadly defined as a vulnerable condition in
which multiple bodily systems are impaired [33-34]. With increasing age, there comes some
physical and cognitive decline, such as hearing loss, diminished bone density, and poorer memory
[35]. Frailty differs from the natural course of ageing although its prevalence increases with age.
Frailty is not an inevitable feature of later life. First of all, not every older adult becomes frail even
in extreme age. Secondly, compared to other older adults, frail older people display the degradation
of many physiological systems that are responsible for healthy adaptation to the physical, social,
and psychological demands of life [36]. Those older adults considered frail are particularly
vulnerable to harmful or undesirable outcomes, such as hospitalization, institutionalization,
injurious falls, or death [37]. Thus, frailty is a better indicator for those in need of intervention for
their health and well-being than chronological age [38]. For these reasons, frailty is related to, yet
also distinct from, natural ageing, represents those adults at the greatest risk of adverse outcomes,
and it is heterogeneous [39]. Clinical definitions put an emphasis on the quick and efficient
screening of patients. These definitions use the presence of chronic disease, hospitalization,
physical functioning measures, and other biologically based measures (e.g., weight loss or walking

speed) to identify frailty.



While clinicians use a frailty classification to treat and care for older people, ageing researchers
identify frailty to gain a better understanding of the ageing process and health experiences of older
adults [40]. They separate and compare the different experiences of robust (i.e., not classified as
frail) and frail older adults to determine the different factors involved (e.g., genetic factors and
biological systems). By investigating these factors, researchers aim to identify the underlying
mechanisms and to develop interventions for prevention, treatment, and rehabilitation of frailty.
Alternatively, sociological and gerontological perspectives argue that frailty is socially constructed
and influenced by sociocultural forces on healthcare practices and the meanings of the experiences
related to frailty (e.g., disability and impairment). Due to the biomedicalization of ageing [41],
frailty is considered a medical problem and so it falls to the healthcare community to identify and
treat [42]. The term’s increasing use in these clinical and medical contexts is what led Kaufman SR
(1994) to report frailty as socially constructed. Using case studies, she described how frailty is
constructed through social interactions in a clinical setting. In these interactions, older adults’ lived
experiences became lists of health or functioning problems (also known as deficits) and changes
they needed to make in their lives. She proposed that frailty was a label imposed upon older people
as a result of their interactions with the health care system and society [43]. More recently, Gilleard
C and Higgs P (2010) have suggested that people’s beliefs about frailty are shaped by societal and
cultural views of health and ageing [44]. They theorized a “fourth age” resulting from the
conflicting cultural views of old age; that is, one view of ageing in which older people live active,
disease-free lives (the third age) and one in which they are dependent and have poor health (the
fourth age). They suggested that the biomedical perspective views frailty (termed the fourth age) as
negative due to its associations with decline and disease. Furthermore, broader society reflects these
views by equating terms like successful with healthy ageing. Gilleard C and Higgs P proposed that
the term frailty refers to the social representation of a weak old person associated with a marginal
and vulnerable population without status in Western society. Frailty, or the fourth age, hence
represents the feared and discouraged view of ageing [44]. Research concerning older people’s own
conceptualizations of frailty illustrates their beliefs and how these differ from biomedical models
and include social views of ageing. By analyzing the different definitions of frailty from the Oxford
English Dictionary, research literature, and older women’s accounts of their lived experiences,
Grenier A and Hanley J (2007) asserted that discourses and definitions of frailty revealed not only a
perceived association with incapacity but also one of powerlessness, with implications of blame,

highlighting feared aspects of ageing (such as decrepitude, dependency, and decline).



Frailty was discussed as an observable physical state, through the experience of vulnerability and
negative social assumptions, and its associations with crisis events [45]. Supporting Grenier’s and
Hanley’findings [45], the qualitative investigation of Dutch older adults’ (both men and women)
meanings of frailty, by Puts et al. [46], showed that frailty was seen as a state of general physical
impairment (commonly reflected in appearance and mobility) and disease. However, older adults
also described frailty as a condition with delineable social and psychological ill-effects: reduced
ability to cope with physical limitations; negative emotions (e.g., fear); impaired cognitive
functioning; and poor social interactions [45]. These two qualitative studies show that older adults’
own understandings of frailty are nuanced [45,46]. Older people include social and psychological
aspects (e.g., negative emotions, poor social interactions, and fear) in their descriptions and
discourses of frailty. To them, frailty is not just a physical state related to ageing or physical
weakness as some biomedical definitions imply (e.g., phenotype of frailty). In a previous qualitative
study, Grenier A [47] considered how older women negotiate their own views and experiences of
frailty with the biomedical or clinical conceptualizations. By interviewing older women, she found
that older women made a strong distinction between being and feeling frail. Being frail was
imposed on them from medical or functioning classification, while feeling frail was associated with
emotional experiences of traumatic events (e.g., loss of a loved one), disability, or physical
impairment (e.g. incontinence). None of the women labelled themselves as frail, but they did reflect
on moments in their lives when they felt frail. Feeling frail was more accepted because emotions
were regarded as temporary states and consequently did not threaten their identity. However,
admitting to being frail would require a change in their view of who they were — an identity shift.
This work revealed how older adults negotiate this conflict between their self-view with the
biomedical label of being frail [47]. Within the biomedical discipline, there are two commonly-used
conceptual models (phenotype and accumulation of deficits) of frailty. Even with the increased
application of these two models to the study of frailty, there is little to no agreement about what
frailty actually is or how to measure it [22,48]. The two models conceptualize frailty as a physical
syndrome caused by an underlying condition like sarcopenia (i.e., loss of skeletal muscle mass),
which can be measured by the Fried phenotype [2] or the frail scale [49], and as a risk state
secondary to accumulated deficits of illnesses, functional impairments, sensory impairments, and
symptoms measured using a Frailty Index (FI) [32,50]. Therefore, phenotypic frailty proposes to be
distinct of disability and comorbidities, while FI counts deficits regardless of their nature.
Depending on the conceptual model, frailty is attributed to different sources and includes a variety

of factors.



1.2 Determinants of frailty

From an epidemiological point of view, a 2010 UK study investigated the prevalence of frailty
amongst 638 community-dwelling people aged 64-74 years [51]. The frailty prevalence rate was
8.5% for women, and 4.1% for men. The Fried investigators recorded a frailty prevalence rate of
6.9% in a cohort of 5201 men and women aged 65 years or more. Frailty rates of 3.2%; 9.5%; and
25.7% were recorded in age groups 65-70; 75-79; and 85-89 years respectively [2]. Frailty is self-
perpetuating; its development results in a spiral of decline that leads to greater frailty and
consequent risk of development of disability in older age. Recently, preliminary evidence has been
reported that social factors, including social networks and socioeconomic status may also have a
relationship with frailty [52]. However, it remains significant uncertainty regarding the contribution
of social vulnerability to the frailty syndrome and further work to characterise the key elements that
comprise social vulnerability [53] and the relationship between social vulnerability and frailty is
required. Importantly, not all older people become frail as a result of the ageing process. A
resistance to the development of frailty and a dissociation between chronological and biological age
is often evident in older people [54]. In a proportion of vulnerable older people, the interaction of a
number of processes can promote the development of frailty. Gobbens JJ et al. suggest ten life
course determinants of frailty (eg, sex, income, lifestyle, life events) and the adverse outcomes
(disability, health care utilization, death) [55]. The core of the model is formed by physical,
psychological, and social frailty and their associated components. These components were selected
based on the literature study and consultation of 17 experts in the field of frailty. Social
vulnerability and frailty multiple social vulnerability factors including neighbourhood deprivation,
social isolation and poor socioeconomic status have been associated with important adverse health
outcomes including depression, cognitive impairment, admission to long-term care and death [56-
58]. More recently, evidence to support an association between social vulnerability and frailty has
been reported in two large observational studies [59,60]. In order to operationalize social
vulnerability according to a deficit accumulation approach, investigators from the Canadian Study
of Health and Ageing (CSHA) analysed data from 10,263 study participants aged >65 years. The
social vulnerability index included items such as communication, social support, social engagement
and socioeconomic status. Social vulnerability increased with age and was greater in women. A
moderate correlation between frailty and social vulnerability was reported. Both frailty, identified
using the FI, and social vulnerability independently contributed to increased risk of mortality

suggesting that, although related, frailty and social vulnerability are likely to be distinct [53].
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A 2009 cross-sectional analysis of data from 4,818 participants in the English Longitudinal Study of
Ageing (ELSA) identified an independent association between individual socioeconomic status,
neighbourhood deprivation and frailty. In a multivariate analysis adjusted for important potential
confounding variables, lower individual wealth and greater neighbourhood deprivation were
independently associated with frailty, identified using the FI [61]. Epigenetic mechanisms regulate
the differential expression of genes in certain cells but do not result in a change to gene sequence or
structure. DNA methylation and histone modification are considered to be the key mechanisms
involved in the epigenetic regulation of gene expression [62]. These mechanisms, which are
responsive to physiological and environmental cues and demonstrate reversibility, may have
particular importance in the determination of physical phenotype and ageing [63,64]. As epigenetic
mechanisms are responsive to environmental cues, they provide an attractive potential link between
environmental factors, ageing and disease [65]. Epigenetic mechanisms have been investigated in
the post-mitotic cells of the brain and have been associated with the development of synaptic
plasticity and memory [66]. A growing body of literature supports the presence of an association
between epigenetics, brain ageing and cognitive impairment [67]. Although there is evidence to
support a potential link between epigenetics and ageing, the role of epigenetics in frailty is currently
unclear and represents an area for future research. Importantly, as DNA methylation and histone
modification are potentially reversible, epigenetic mechanisms may represent a potential target for
future pharmacological therapeutic intervention. In humans, the causes of premature mortality are
rooted in demographic, medical, lifestyle, and psychosocial factors. Indeed, Thomas McKeown’s
determinants of health framework can be applied to“hit”and recovery processes [68]. On the one
hand, hits can be caused by the environment (e.g., being struck by lightning), individual behaviours
(e.g., smoking), genetic susceptibility (e.g., to sepsis), and health care-relatedevents (e.g.,
iatrogenic); on the other hand, recovery processes can be facilitated by nurturing environments,
health-promoting behaviours, genetic prorecovery factors (e.g., to neural injury), and effective
healthcare interventions. Thus, the determinants of health are double-edged swords within the “hit”
and recovery model of frailty [69-71]. Recently, Hoogendijk EO et al. described that all older adults
are at risk of developing frailty, although risk levels are substantially higher among those with
comorbidities, low socioeconomic position, poor diet, and sedentary lifestyles [72]. Dent E et al.
suggested that lifestyle and clinical risk factors are potentially modifiable by specific interventions

and preventive actions [73], as showed in figure 2.
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Figure 2 — Model pathway for physical frailty by Dent E et al. Several factors such as
age-related changes, genes/environment and chronic diseases could cause frailty up to
cause cognitive impairment, disability and mortality [73].

1.3 Nutrition, Mediterranean Diet and frailty

Nutrition is another factor closely related to the frailty syndrome; indeed, it is thought to influence
both its etiology and treatment. Several studies have examined the association between intake of
nutrients or nutrient biomarkers with the frail phenotype [74]. Chronic undernutrition, insufficient
protein and energy intake lead to weight loss and sarcopenia, which may, in turn, negatively
influence eating behavior and, thus, the nutritional status [74]. According to the definition of Fried
et al., unintentional weight loss is a susceptibility criterion for frailty [2]. Therefore, undernutrition
is frequent among frail populations [75,76]. Although undernutrition and frailty are two distinct
entities, according to the studies, up to 90% of malnourished elderly people are also more
frequently frail [75-77]. Indeed, although apparently in satisfying health due to overweight, elderly
individuals are also likely to become sacopenic, by losing muscle mass and strength [78]. It is
noted in the majority of cross-sectional studies that frail participants have the lowest energy intakes
[76,79,80]. Recent studies have shown an association between frailty and nutritional status, showing
a close relation between nutritional status assessed by Mini Nutritional Assessment (MNA) and
frailty [75,81]. Nutritional risk assessed by MNA was also associated with incident disability in
elderlies [82].
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Anorexia of aging is generally defined as a loss of appetite or reduced food intake and considered as
a modifiable risk factor for frailty [83]. Epidemiological studies have shown that reduced caloric
intake is associated with changes in body composition and decline of physical function in the
elderly [84]. Low energy intake is a frequent condition in the older population. It may affect 11.3%
of men living in the community and up to 34.1% in long term care facilities [85]. Food intake
decreases by nearly 25% between the fourth and seventh decades of life. The decline of energy
intake can result in a dramatic decline in muscle mass and strength, leading to weight loss and
disability [86]. A minimum of 25 Kcal/Kg/days is required to meet the energy requirements of the
elderly. Measured Resting Energy Expenditure (REE) has been calculated between 20 and 28
kcal/kg/day in the elderly [87]. Vellas et al. have shown, in a ten year longitudinal study among 304
free-living elderly, that women with energy intake below 25 kcal/kg/day were more likely to
become frail or to die [88]. Protein intake is inversely associated with frailty, except in one study
where the distribution of daily protein intake, rather than the quantity itself, could explain this result
[79]. Animal or vegetable protein sources are not essential in the relationship between protein
intake and frailty [89]. Among various factors, adequate dietary protein intake is required to
maintain muscle mass and function, and delay sarcopenia [90]. The Health, Aging and Body
Composition Study (Health ABC) observed, over a three years period, that healthy elderly
volunteers in the highest quintile of protein intake lost nearly 40% less total lean mass than those in
the lowest quintile [91]. However, this study also highlighted that even the subjects in the highest
quintile lost muscle mass during the follow-up, suggesting that the process can only be slowed
down but not completely prevented. Aminoacids can stimulate muscle protein synthesis (MPS).
Most of the enhancing effects on MPS after a meal are attributed to aminoacids [92]. Dietary
protein intake can stimulate MPS and inhibit protein breakdown both in young and elderly people
inducing a positive protein balance [93]. Higher dose of proteins may be required because of
different muscle protein metabolism in the elderly. Several hypotheses have been developed to
explain the relative anabolic resistance to aminoacids. The daily requirement for dietary protein is
defined as the minimum amount resulting in a whole body net nitrogen balance of zero [94,95]. The
current Recommended Dietary Allowance (RDA) for protein is established at 0.8g/kg-BW/day for
all adults [96]. However, several limitations have been discussed for nitrogen balance studies.
Precisely measuring nitrogen intake is very difficult as well as detecting short term changes in
muscle mass. Therefore, measures may result in underestimation of protein requirements [97].
Furthermore, around 15% of people older than 60 years have a protein consumption below than
RDA [98].
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Short-term nitrogen balance results do not suggest that requirements for total dietary proteins are
different in younger and older healthy adults [99]. Although conflicting data are reported in the
literature, most nutritionists agree that protein needs in the elderly should be higher than the RDA
[100]. Insufficient protein intake also influences the decline of physical function and co-morbidities.
These factors must be taken into account when determining protein requirements in older people.
Higher amounts of protein intake seem to reduce the risk of adverse events and to prevent frailty. In
the Women’s Health Initiative (WHI) observational study, after adjustment for confounders, a 20%
increase in protein intake was associated with a 32% lower risk of frailty [101]. These observational
studies support the idea that protein supplementation can prevent or reverse sarcopenia and frailty.
A recent meta-analysis concluded that protein supplementation could increase not only muscle mass
but also strength gains, in addition to strength training both in younger and older subjects [102].
However, longer-term trials are scarce and are needed to define optimal protein intake in the elderly
[103]. Finally, specific recommendations published recently from the PROT-AGE Study Group for
healthy older people indicate that to maintain muscle, elderly should have a higher average protein
daily intake than younger people, in the range of 1.0 to 1.2 g/kg-BW/day [104]. It should be
considered that nearly 10% of frail elderly and 35% of institutionalized elderly have an average
protein intake below these estimates, making them major targets for interventions [105]. However,
there is no clear evidence till date for benefits of higher protein consumption in frail elderly, and
several studies with protein supplementation alone have failed to show improvement on muscle
mass or function [106,107]. Probably, an excessively sedentary lifestyle — a hallmark of frailty — or
the presence of inflammatory cytokines in frail skeletal muscle have induced a blunted response of
muscle protein synthesis to protein ingestion [108,109]. To date, several studies have focused on
micronutrients in relation to frailty, with a particular interest in vitamin D. Older people often suffer
from hypovitaminosis D. Vitamin D deficiency is generally associated with poorer physical
performances and is predictive of incident disability in community elderly people [110]. Besides
improvement of lower extremity function, the influence of vitamin D on immunity may also be an
important challenge in frail elderly, since vitamin D supplementation studies have shown beneficial
effects on immune function [111]. Diet rich in n-6 and poor in n-3 polyunsaturated fatty acids
(PUFASs) may result in a pro-inflammatory environment that may be deleterious for muscle or other
tissues. N-6 PUFAs are a precursor of arachidonic acid which is a substrate of cyclooxygenase and
lipooxygenase enzymes [112]. Low intake of eicosapentaenoic acid (EPA) or docosahexaenoic acid
(DHA) is associated with poor mobility in men according to the results of a cross-sectional study

involving 417 Japanese elderly [113].
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Fish-oil supplementation enhanced the benefits of strength training for lower limb strength, in a
randomized study in elderly women [112]. In the same study, a greater improvement for chair-rising
performances was observed for the trained group supplemented with fish oil. In another
interventional study, fish oil supplementation resulted in an improvement in walking speed in
postmenopausal women [114]. These results suggest that fish oil supplementation has a favorable
effect especially in addition with strength training and may represent a promising preventive
therapeutic strategy. For other micronutrients, data from the Italian InChianti cohort, a Tuscany
(Italy)-based prospective population study designed to investigate factors contributing to decline of
mobility in late life, are among the most interesting: frail participants consume significantly less
vitamin D, E, C and folate, regardless of energy consumption, than non frail participants [115]. Low
levels of vitamin E were also associated with an increased risk of frailty over time [116,117]. In the
Spanish study on nutrition and cardiovascular risk (Seniors-ENRICA cohort), also interested in the
association between micronutrient intakes and the frailty risk, an analysis of more than 1,600 aged
individuals reported that poor intake of several vitamins (B6, C, E and folates), and non-adherence
to the recommended dietary allowances for thiamine, niacin and vitamin B6 were all independently
associated with the frailty risk [118]. Micronutrient deficiencies are commonly observed among
elderlies with inadequate intake of various nutrients. Such deficits were also observed for
antioxidant trace elements such as zinc and selenium [120-126]. Frail elderly women are more
likely to have multiple micronutrient deficiencies. In a cross sectional study of 754 women of the
Women’s Health and Aging Study (WHAS), Michelon E et al. have observed lower serum
concentrations especially for carotenoids, and also for vitamin B6 and folates. Furthermore, frail
women were more likely to have at least two or more micronutrient deficiencies [127]. Carotenoid
levels are generally considered as an indicator of fruit and vegetable intake, and may thus be
considered as a biomarker of fruit and vegetable consumption [128-130]. Semba RD et al. have
shown in the WHAS that women in the lowest quartile for carotenoids were 57% more likely to
develop severe walking disability [119]. Lauretani F et al. have examined the association between
total plasma carotenoids and changes in muscle strength over a six years follow-up in 628
participants of the InChianti study [131]. After adjustment for confounders, volunteers with plasma
carotenoids in the lowest quartile were at higher risk to develop lower hip or knee muscle strength.
Mean serum carotenoids levels were also associated with mean walking speed in the WHAS. A diet
rich in fruits and vegetables may then reduce frailty factors [132]. Vitamin E and C supplementation
have been shown to improve antioxidant enzymes and muscle function in aged animals [133]. In the
InChianti study, Ble A et al. found an association between low circulating levels of vitamin E and
frailty [134].
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From the WHAS, Bartali B et al. showed that lower vitamin C intake is independently related to
frailty [135]. In this cohort a lower decline of physical performances assessed by Short Physical
Performance Battery Score (SPPB) was related only to higher vitamin E blood level and not to any
other antioxidant parameters. However, data from the WHAS study suggest inter-relationships
between vitamin B6, B12, selenium and frailty [128]. Indeed, women in the lowest quartile of
serum concentrations of vitamin B6, B12, and selenium, in the WHAS study, had significantly
higher risk of disability in activities of daily living (ADL)[135]. In another cross sectional study
involving 655 subjects, plasma vitamin C concentration was correlated with handgrip strength and
walking speed after adjusting for confounding factors [136]. Beside these aspects related to chronic
undernutrition or to the intake of single nutrient or micronutrient, diet quality overall seems to play
an important role in frailty development and progression [137]. Indeed, Mediterranean diet (MD)
adherence in the older population has been associated to a reduced risk of frailty [138-140].
Moreover, it has been associated with long-term effect on individual frailty markers, such as
decrease in mobility and walking speed [141,142]. The traditional MD is an eating pattern typical of
the Mediterranean basin. This dietary model was originally defined by the American scientist Ancel
Keys who initially described the eating behaviors of the Mediterranean people living in Southern
Italy. Keys was impressed by the observation that these people used to consume some specific
foods more frequently compared to his fellows in US or to those living in the Northern countries of
Europe [143]. The key-feature of the MD is a wide consumption of fruit and vegetables, non-
refined grains, cereals, nuts, legumes, fish, olive oil as main fat source and moderate wine
consumption preferably during the main meals [144]. Conversely, this pattern includes low intake
of both dairy products and meat. Traditional lifestyle of Mediterranean people was also
characterized by moderate to intense physical exercise mainly performed during the working hours
that, in that time, were mostly of agricultural type. Thus, MD could also have beneficial effects
applicable to frailty, in addition to the well-known benefits on cardiovascular health and longevity
[145-147]. Several studies, including some recently published studies, confirmed that greater
adherence to a diet of Mediterranean-type food was associated with a lower odds/risk of frailty over
time [148-153]. Using data from the 3-City cohort, a population-based longitudinal study of the
relation between vascular diseases and dementia in person >65 years, a significant 68% decreased
risk of developing frailty in the next 2 years was observed in a representative sample of people aged
>75 years, suggesting that, even at advanced ages, this eating behavior could be beneficial [154].
The 3-City cohort study also showed that following a Mediterranean-type diet was beneficial in

terms of disability risk.
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These last projects emphasized the importance of this dietary pattern in the phase that precedes the
state of disability and suggested a long-term effect of the eating habits on health [155]. Results from
studies on MD and risk of frailty were recently included in a meta-analysis, where participants with
the strongest adherence to this dietary pattern had a significantly decreased risk of frailty by 56%
[156]. More recently, a report observed that the benefit of a higher adherence to the MD on
preventing frailty was also evidentin at-risk older women from the Nurses’ Health Study suffering
from type-2 diabetes [157]. In the participants of the InChianti Study adherence to a Mediterranean-
style diet was computed from the European Prospective Investigation into Cancer and Nutrition
Food Frequency Questionnaire (EPIC-FFQ). Frailty was defined as having at least 2 of the
following criteria: poor muscle strength, feeling of exhaustion, low walking speed and physical
activity. After a 6-years follow-up, higher adherence to a Mediterranean-style diet was associated
with lower odds of developing frailty compared with those with lower adherence. A higher
adherence to a Mediterranean-style diet at baseline was also associated with a lower risk of low
physical activity and walking speed but not with feelings of exhaustion and poor muscle strength
[158]. A study by Ledn-Mufioz LM et al. analyzed how low intake of certain micronutrients and
protein has been associated with higher risk of frailty. Additionally, this research examined the
association between adherence to the MD and the risk of frailty in older adults showing that an
increased adherence to the MD decreased the risk of frailty [164]. On the contrary, Chan R et al.
failed to find such associations [165]. MD may also be considered as a key component for healthy
aging and preventing strategies for age related disability [159,160]. It has been shown that
adherence to the MD had positive effects on mobility after a 9-years follow-up of 935 men and
women aged >65 years [161]. High adherence to the MD was associated with a lower risk of
developing disability. In a recent study, nutritional characteristics of MD were associated with
frailty criteria with significant lower dietary scores in frail elderly [162]. Talegawkar SA et al.
observed the association between a Mediterranean-style diet with the risk of frailty in community-
dwelling older persons [163]. The association between frailty and MD may be explained by several
mechanisms. Firstly, antioxidants, consumed in large amounts in the context of the MD, have been
found to protect from the high oxidative stress which can cause muscle atrophy and loss of muscle
fibers [166]. In particular, polyphenols highly present in the MD might act as mediators of this
association. So far, several intervention studies regarding frail elderly people have been published,
most of them including both nutritional and exercise interventions, with conflicting results.
However, none of them specifically tested the effect of MD or its polyphenol components in the

development or progression of frailty or its main features.
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1.4 The relation between inflammation, coagulation and frailty

A low grade inflammatory state is common in older people and activated lymphocytes and
monocytes of healthy older people produce greater levels of the pro-inflammatory cytokine IL-6
[167-169]. Low-grade inflammation is a subclinical condition defined as “the chronic production,
but at a low-grade state, of inflammatory factors” [170-172]. Low-grade inflammation does not
come from an infection but several physiological mechanisms are involved. Concentrations of
inflammatory factors in these conditions are overall slightly higher than in healthy populations, but
still remain in the healthy ranges. It is therefore hard to determine whether a specific patient
exhibits low-grade inflammation, but it can be better defined at the level of a group of patients.
Frailty and aging in general could be associated with chronic low-grade inflammation, also referred
to as inflammaging, i.e. a condition that epidemiological studies have found to be associated with
age-associated diseases. [173,174]. Inflammaging is a complex biological phenomenon that still
needs to be explored as a path of successful/unsuccessful aging. As individuals grow older, several
stressors (poor nutrition, diseases, oxidative stress, and environmental factors) increase the
inflammaging process leading to frailty. Indeed, in centenarians the increase of pro-inflammatory
markers is balanced by an increase of anti-inflammatory markers, suggesting that the detrimental or
beneficial effects of inflammaging are largely personalized [175,176] (Figure 3). Inflammation has
an important pathogenic role in many age-related diseases, including Alzheimer's disease (AD),
atherosclerosis, heart failure, osteoporosis and osteoarthritis [177-179]. It has also been implicated
in the pathophysiology of sarcopenia, an important component of the frailty phenotype [180,181].
As mentioned previously, sarcopenia or loss of muscle mass occurs with aging and is an important
component of the phenotype of frailty [182]. Mediators of inflammation contribute to the
pathogenesis of sarcopenia. Although direct evidence is not yet available in humans, in certain
animal models it is apparent that activated inflammatory pathways contribute to muscle loss after
chemical toxin or neuronal injury. In animals in which inflammatory pathways were generally
inhibited, muscle loss was significantly less and post-injury regeneration was enhanced [183]. In the
Health ABC study, IL-6 and TNF-a levels in individuals aged 70 to 79 years were inversely
associated with muscle mass as determined by computed tomography imaging and formal strength
testing [184]. This association was present even after adjusting for anti-inflammatory drug use and
the presence or absence of inflammatory-associated conditions. Similarly, in the InChianti Study,
high levels of IL-6, IL-1 and C-Reactive protein (CRP) were significantly associated with poor

overall physical performance and reduced muscle strength [185].

18



Stressors Driving Frailty in the Aging Population: MSCs
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Figure 3 — The role of stressors, aging, and inflammation in frailty and the effects
of mesenchymal stem cells (MSCs). As individuals grow older, several stressors
(poor nutrition, diseases, oxidative stress, andenvironmental factors) increase the
inflammaging process leading to frailty. MSCs secrete several factors that block or
reverse the inflammaging process and ultimately reverses the effects of frailty
[176].

There is substantial evidence to indicate that inflammation has a key pathophysiological role in
frailty. A large prospective cohort study involving 5,201 participants reported an association
between CRP and incident frailty as defined by the Fried criteria [2,186]. In a multivariate analysis
adjusted for important covariates, every standard deviation increment in baseline CRP increased the
five year incidence of frailty by 18%. A recent UK case-control study that included 101 participants
reported results from a multivariate analysis demonstrating that TNF-a, IL-6 and CRP were
independently associated with increasing frailty, FI and functional status [187]. A further cross-
sectional study reported an independent association between increased white blood cell (WBC)
counts, IL-6 and frailty in 558 older women [188]. Two additional studies that pre-dated current
definitions of frailty reported that increased IL-6 and CRP were associated with increased risk of
functional disability and death in community dwelling older people [189,190]. Of these, however,
only CRP remained significant after adjusting for confounders. Finally, in the WHAS, higher WBC
counts and IL-6 levels were independently associated with prevalent frailty [191]. Activation of the
coagulation system and increase in procoagulant markers have been associated with the

pathogenesis of atherosclerosis [192,193].
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However, procoagulant markers, most notably D-dimers, fibrinogen, and factor VIII also increase
with advancing age and may, in fact, correlate better with aging than with cardiovascular disease
[192-195]. Pieper CF and colleagues, examining 1,729 participants aged >70 years in the
Established Populations for the Epidemiological Study of the Elderly (EPESE) cohort, clearly
demonstrated that increasing age was associated with high D-dimers levels. For example, 23% of
the participants aged 90 to 99 years had high D-dimers levels (>600 ug/L) compared with 13% in
the age group 80 to 89 years and 7% in the age group 70 to 79 years [196]. French investigators
measured fibrinogen concentrations in healthy subjects aged 19 to 96 years and found levels to be
significantly higher in participants aged more than 60 years when compared with younger subjects
[197]. Hager K et al., examining healthy individuals across the life span, found that fibrinogen
levels increased by 25 mg/dL per decade of life and that levels as high as 320 mg/dL were found in
more than 80% of people aged more than 65 years [198]. Other markers of activated coagulation,
such as plasminogen activating inhibitor-1 (PAI-1) and factor VIII, have been shown to be
increased with age [199-201]. Thus, it is now apparent that frailty is associated with markers of
activated coagulation in geriatric populations. For this reason, it has become apparent that both
inflammatory and coagulation pathways are increasingly active with advancing age and to a greater
extent in those who meet criteria for frailty. The coexistence of these factors suggests an interaction
of inflammation and coagulation in the pathophysiology of frailty. It is known that inflammatory
cytokines stimulate release of procoagulant factors in a wide range of cell types, and that the age-
associated increase in these cytokines may thereby account for the associated activation of
coagulation [191] (Figure 4). However, it should be recalled that adipose tissue expression of both
prothrombotic factors and proinflammatory cytokines is high [202]. Thus, the relative increase in
adiposity with advancing age, and particularly with frailty, may offer some explanation for the
inflammatory and procoagulant profiles observed. The molecular mechanisms underlying increased
levels of inflammatory cytokines in frailty are beginning to be elucidated. More recently, an inverse
association between adherence to MD and chronic low grade inflammation has been observed in the
Moli-sani Study, an Italian prospective cohort of 24,325 men and women, aged >35 years (see
methods for a full description of the Moli-sani Study) [203-205]. In scientific literature there are still
no works in which frailty is associated with MD and low-grade inflammation and coagulation. An
apriori dietary pattern marker of foods and nutrients intakes associated with inflammation has been
built in the Seniors-ENRICA cohort. The authors observed that the highest adherence to the Dietary
Inflammatory index (DII) was associated with a higher risk for frailty (and slow gait speed) among

1,948 participants followed for up to 4 years [206].
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All these observations will assume greater importance if interventions aimed at regulating
inflammatory/coagulation pathways result in clinically important improvements, such as in physical

or cognitive function.
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Figure 4 — Inflammation/coagulation pathway to frailty. Proinflammatory signals,
including IL-6 and TNF-a, increase with age, as do markers of activated coagulation,
including D-dimer, fibrinogen, PAI, and Factor VIII. To the extent that these are
primary processes, they may contribute to a cycle of physiologic changes that, in
composite, are described as frailty [191].
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1.5 Neuropsychological status and frailty

Attention for psychological frailty has been growing in recent years. Several studies have shown
that ageing is often accompanied by an increase in psychological complaints and cognitive
disabilities. Many older persons have symptoms of depression and anxiety which greatly impede
their daily functioning [207,208]. In addition, many elderlies are lonely [209] or feel they are losing
control of their lives [210]. Virtually all older people are also confronted with a decline in their
cognitive abilities. Their memory becomes less reliable, their speed of thought reduces and their
ability to do several things at the same time diminishes. The rate of this cognitive decline varies
enormously from individual to individual, and is closely related to psychological and physical
health. Older persons who are depressed, for example, often have problems with their memory or
ability to concentrate, as do people who suffer a great deal of pain or severe fatigue. Cognitive
disabilities can have an adverse effect on day-to-day functioning and are by no means always the
result of dementia [211,212]. Studies of frailty which have also looked at psychological factors
suggested that the psychological domain plays an important role in the concept of frailty [213,214].
As people get older, their chance of developing chronic diseases and functional disabilities
increases. In addition, their social networks often shrink and they may lose their partner. To
maintain a good quality of life and mental well-being, people must have a way of compensating for
lost capacities [215]. In the neuropsychological domain, depression is a key component of frailty.
Like frailty, depression is a highly prevalent condition among older adults up to 15% [216,217] and
an important predictor of mortality in older adults [218]. Depression significantly decreases the
quality of life, just like frailty lowers life satisfaction [219-221]. Furthermore, analogue to the
concept of frailty, depression is a syndromal diagnosis. Depending on the definition and
operationalization of frailty, both syndromes partially overlap, even if frailty is defined as a purely
physical condition. For example, physical complaints such as fatigue, weight loss and poor
endurance, may be related to depression, to frailty or to both. Despite similarities in several
domains, there is a lack of research into the relationship between frailty and depression. Although
similar biological mechanisms have been hypothesized to account for both syndromes-frailty and
depression-for example, subclinical cardiovascular disease [222,223] and inflammation [224,225],
it is unlikely that one mechanism is largely responsible for either or both syndromes in all
individuals. In fact, although the overlap between depression and frailty is underexplored, evidence
to date demonstrates that they are distinct constructs that share moderate overlap (similar to frailty
and disability).
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For example, Mezuk et B al. [226] used confirmatory latent class analysis and found that frailty and
depression represented distinct constructs (a three-class solution for depression and a two-class
solution for frailty with moderate correspondence between the two). The frailty phenotype is
undoubtedly still the topic of lively debate and, although experts agree on a more comprehensive
definition of frailty that includes, among other things, the assessment of mental health, it is also
important to note that there is still no consensus as to the clinical presentation of frailty for practical
screening purposes [227,228]. Several studies have also shown frailty to be closely related to Mild
Cognitive Impairment (MCI) in prospective study cohorts [229,230]. MCI is a syndrome defined as
cognitive decline greater than expected for an individual's age and education level but that does not
interfere notably with activities of daily life (ADL). Prevalence in population-based epidemiological
studies ranges from 3% to 19% in adults older than 65 years. Some people with MCI seem to
remain stable or return to normal over time, but more than half progress to dementia within 5 years.
MCI can thus be regarded as a risk state for dementia, and its identification could lead to secondary
prevention by controlling risk factors such as systolic hypertension. The amnestic subtype of MCI
has a high risk of progression to Alzheimer Disease (AD) and other types of dementia [231]. In
order to encourage combined research in frailty and cognitive impairment, the International
Academy on Nutrition and Aging (IANA) and the International Association of Gerontology and
Geriatrics (IAGG) organized an International Consensus Group (ICG) to propose the operational
definition of cognitive frailty [232]. After the consensus was published, researchers put more
attention on these two critical geriatric syndromes. Although the prevalence of cognitive frailty in
the community setting is low (1.0-1.8%), it has been associated with a high risk of disability, poor
quality of life, and death [230]. Furthermore, researchers have also found a 50-item Frailty Index
(FI) to be significantly associated with temporal and frontal cortical atrophy, detected by
computerized axial tomography, which indicates that frailty and cognitive decline might share
common pathophysiological mechanisms [233-235]. All of these findings show that frailty and
cognitive impairment are closely related to each other. However, Shimada H et al. [236] found that
only 2.7% participants displayed overlapping frailty and cognitive impairment, with the majority of
the subjects (97.3%) devoid of the combined syndromes. The use of frailty and cognitive
impairment parameters in predicting mortality has previously been investigated. The results,
however, revealed several discrepancies among various reports; some found combined physical
frailty and cognitive function assessment to enhance the likelihood of the prediction of individual’s
risk of death than either measurement alone, while some researchers found no statistically

significant enhancement of the combined effect [236-241].
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Furthermore, most participants in these studies were Caucasians and aged from 60 to 90 years. The
characteristic of cognition or frailty among the oldest-old had been shown to be different with other
age groups [242,243]. Thus, the role of cognitive impairment, frailty or the combination of both in
predicting adverse outcomes need to be further classified, primarily, among the oldest-old (aged
>90 years) and also other races. To date, no studies have focused on only cognitive impairment or
frailty or the two syndromes combined in predicting mortality in advance late-life, and thus the
combined effects remain unclear in the oldest-old population. Many studies have worked within
research and clinical settings to identify target populations with frailty and MCI [244]. Participants
with MCI in a community cohort were described by a group of investigators from the Mayo Clinic
in 1999, who then produced a series of diagnostic criteria [245]. A conference of international MCI
experts then revised these criteria [246], and the National Institute on Aging (NIA) joined the
Alzheimer’s Association (AA) to publish the new diagnostic guidelines for the AD (NIA-AA). In
these guidelines, the workgroups identified Alzheimer's disease as a continuum with three distinct
stages: preclinical, MCI and dementia. They also outlined the following factors for the
identification of MCI [247]:

e concern regarding a change in cognition;

e impairment in one or more cognitive domains;

e preservation of independence in functional abilities;

e absence of dementia
Several cross-sectional studies have reported an association between physical frailty and cognitive
function [248,249]. In addition, longitudinal studies have revealed that a higher level of physical
frailty is associated with an increased risk of incident AD [250] and MCI [251]. These studies
suggest that in some older adults, physical frailty is associated with the development of MCI. Older
adults who show signs of both physical frailty and MCI may be more likely to exhibit functional
decline than those with either frailty or MCI. However, the combined prevalence relationship
between frailty and MCI has not been clearly established. The associations of specific physical and
functional impairments of frailty with MCI are also unclear. In a population-based study of
community dwelling, elderlies in the second Singapore Longitudinal Ageing Study (SLAS-2), it
was compared the prevalence of the physical frailty syndrome, low lean muscle mass, low muscle
strength, slow gait speed, exhaustion, low physical activity, impaired balance, impaired gait, and
elevated fall risk between individuals with MCI and non-MCI individuals with normal (high and

low) cognitive functioning.
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Brigola AG et al. proposed a model of association between factors, frailty, cognitive impairment

and their outcomes in older adults [252] (Figure 5).
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Figure 5 — Model of association between factors, frailty,
cognitive impairment and their outcomes in older adults
by Brigola AG et al. [252].
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From a pathophysiological point of view, the etiology of the cognitive-frailty association appeared
to be multifactorial and several mediators or possible pathways have been suggested such as
hormonal and inflammatory processes, nutritional, vascular, neuropathological, and metabolic
influences [253]. However, given that experimental evidence is lacking, other questions may
address the underlying mechanisms and determine which is the most relevant component among the
suggested mediators between frailty and cognition. The common consequences of aging may have
an impact on age-related conditions such as physical frailty and cognitive decline. Aging
mechanisms such as nutrition sensing signals, p53 activation, and subsequent telomere deletion and
DNA damage, result in the physiological reserve declines of different organs. The long-term
chronic stressor overload further accelerates the physiological reserve declines. Moreover, the
different vulnerability of multiple organs, or different structures in same organ, such as brain,
results in function-related homeostatic failure, and different phenotypes/diseases, physical frailty, or
cognitive frailty. There is certainly the evidence for an association between frailty and cognitive
impairment and it is desirable outlining some of the mechanisms that potentially underpin this
relationship from brain neuropathology and hormonal dysregulation to cardiovascular risk and
psychological factors [254]. These different mechanisms are not mutually exclusive, highlighting
the need for further studies to better explicate the neurobiological basis of cognitive frailty [255].
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Chapter 2: Aim of the study

The aim of this PhD thesis, carried out in collaboration with the Department of Epidemiology and
Prevention of the 1.R.C.C.S. Neuromed, Pozzilli, Italy, in the period May 2018 - May 2019, was to
screen the over 65 years elderly population of the Moli-sani Study to identify frail individuals and

evaluate a possible relation between Mediterranean Diet (MD), inflammation and frailty.
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Chapter 3: Materials and Methods

3.1 The Moli-sani Study and cohort design

The cohort of the Moli-sani Study was originally recruited between 2005 and 2010 in the Molise
region from city hall registries by a multistage sampling. First, townships were sampled in the
major areas by cluster sampling; then, within each township, participants aged >35 years were
selected by simple random sampling. Exclusion criteria were pregnancy at the time of recruitment,
disturbances in understanding or willingness, current multiple trauma or coma, or refusal to sign the
informed consent. Thirty percent of subjects refused to participate; based on a short questionnaire
on risk factors and major diseases administered by telephone, those who refused were older and had
a higher prevalence of cardiovascular disease and cancer. Subjects (n=24,325) from 30 Molise cities
and villages of different sizes attended either of the two recruiting centers: the Catholic University
in Campobasso (n=19,211; 79%) and San Timoteo Hospital in Termoli (n=5,114; 21%). The
recruitment strategies were carefully defined and standardized across the two centers. The Moli-sani
Study was approved by the Catholic University ethical committee [256]. On 2017 an active follow-
up started at the clinics of the Epidemiology and Prevention Department of the I.R.C.C.S.
Neuromed, Pozzilli, Molise, Italy based in Via Garibaldi 21, Campobasso, Molise, Italy, and a
random subgroup of the Moli-sani participants were recalled to participate in the second wave
recruitment. The study protocol of the active follow-up was approved by the Ethical Committee of
the I.R.C.C.S. Neuromed on 29/03/2017. From May 2017 to May 2019 1,400 subjects were
recruited. For this PhD thesis, men and women aged >65 years were selected among the participants
to the re-call phase of the Moli-sani Study. From May 2018 to May 2019, 226 elderly participants
were included in this PhD study.

Moli-sani follow-up visit

After signing the informed consent, trained research personnel took blood pressure (BP) and
anthropometric measurements using methods standardized beforehand during preliminary training
sessions. BP was measured by an automatic device (OMRON-HEM-FL31) [257] three times on the
non-dominant arm and the last two values were taken as the BP [258,259]. Measurements were
made in a quiet room with comfortable temperature with the participants lying down for at least 5

minutes.
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Body weight and height were measured on a standard beam balance scale with an attached ruler, in
subjects wearing no shoes and only light indoor clothing. Trained interviewers administered
structured questionnaires to collect personal and clinical information including socio-economic
status, physical activity, dietary habits, physio/pathological medical history risk factors for
cardiovascular diseases (CVD) and/or tumor, family/personal history for CVD and/or tumor and
drug use. Blood samples for laboratory analysis were also obtained from the participants who had
fasted overnight and had refrained from smoking for at least six hours. Part of the samples were
aliquoted and stored in liquid nitrogen in the Neuromed Biobanking Centre at the I.R.C.C.S.
Neuromed of Pozzilli.

3.2 Frailty literature systematic review

To identify definition, determinants and measurement for frailty to be used in the cohort study, a
systematic search of the literature was performed. For this purpose, PubMed database search was
used. Search terms were broadly set as: “frailty”, “frail elderly”, “geriatric assessment/methods”,
“frailty tests/measurement”, “determinants of frailty”, “frailty and nutrition”, ‘‘frailty and
Mediterranean Diet”, “frailty and inflammation”, “frailty and coagulation”, “‘frailty, inflammation
and coagulation”, “‘frailty and psychological status”, ‘‘frailty and depression”, “frailty and MCI".
The initial search was performed in February 2018 and all the studies about frailty were taken into
consideration. The search was limited to English and Italian language articles. Only full research
papers and review articles were considered. A lateral search was also performed, in which the
citations of relevant articles were searched. Papers published before 2000 were also included if
deemed relevant to the review. Original papers reporting studies conducted either on community
dwelling or hospitalized/institutionalized participants (regardless of the reasons of admission) were
eligible, provided that the findings could be extended to the general population, and not restricted to
a segment affected by particular diseases or conditions.
The following criteria were also included in the literature review:

e population: aged =65 years

e implementation/indicator: frailty objectively measured in either observational and cross-

sectional trials

e outcome: frailty classification
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e critiquing of frailty measurements:
- time taken to perform the measurement
- specialized equipment to measure frailty (for instance, a handgrip strength dynamometer)
- requirement for assessor training
- validity and reliability.
Reviews on frailty were initially consulted to determine the reliability and validity of frailty
measurements. If no discussion of validity/reliability was included in these reviews, then relevant
individual articles were searched.
Papers were included if they explicitly addressed frailty, irrespective of the definition or diagnostic
instrument used. Some reasons for exclusion were: replicated data, letters to the editor, abstract only
publications, conference proceedings, non systematic reviews, and editorials. The Frailty of the
elderly guidelines proposed by the Regional Health Council of the Toscana Region were also
consulted [260]. At the end of the research, we decided to use some questionnaires, tests and
laboratory analysis, many of them already validated and widely used by geriatric clinicians and
researchers to study frailty from different points of view:
1) Frailty assessment
Survey of Health, Ageing and Retirement in Europe-Frailty Instrument (SHARE-FI)
2) Dietary information
European Prospective Investigation into Cancer and Nutrition — Food Frequency
Questionnaire (EPIC-FFQ)
3) Neuropsychological status
Montreal Cognitive Assessment (MoCA)
Short form health survey (SF-36)
4) Blood inflammation and coagulation biomarkers
Hemocromocytometric analysis with leukocyte formula
High sensitive C-Reactive Protein (hs-CRP)
D-dimers
5) Blood markers of cardiovascular disease (CVD) risk
Total cholesterol
HDL cholesterol
Triglycerides

Glucose
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3.3 Frailty assessment

The Survey of Health, Ageing and Retirement in Europe - Frailty Instrument (SHARE-FI)
questionnaire by Romero-Ortuno R et al. [261], available on computer, detects the variables that,
according to Fried et al. [2], characterize frailty and provides a quantitative sum value, using a
specific algorithm that takes into account the gender difference. As showed in figure 6, this test,
through different questions, allows to explore different aspects of frailty, such as fatigue, loss of
appetite, weakness, walking difficulties and poor physical activity. The SHARE-FI was selected
because it has sufficient construct and predictive validity, and it represents the first European
research effort towards a common frailty language at the community level. Jamar Plus+ digital
handgrip dynamometer was used to determine the grip strength at both hands, left and right (Figure
7). We decided to use Jamar Plus+ dynamometer because, as reported in several studies, it is the
most widely cited instrument and appears to be generally accepted as the gold standard for its
precision, accuracy and reproducibility [262]. The elderly subject was made to sit with the arms and
hands extended along a (desk). The patient is asked to grip the handle of the dynamometer and to
tighten as hard as possible, first with the left hand and then with the right hand. For each hand two
tests were made and the measurements that appear on the display of the dynamometer were
collected: grip strength (kg), average between the two measures made for each hand (AVG, kg),
standard deviations (SD, kg) and coefficient of variation (CV, kg). The highest of the four was
selected. This variable was kept continuous.

Two accessible via web SHARE-FI calculators (see Additional files of reference [261]), one for
women and one for men, were used to obtain the total score and the related category frailty

phenotype to which the patient belongs to [261].
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SHARE-FI
(Romero-Ortuno R et al., 2010)

1. EXHAUSTION

In the last month, have you had too little energy to do the things you wanted to do?
No

Yes

2. WEIGHT LOSS (DIMINUITION IN DESIRE FOR FOOD)

What has your appetite been like during this last month?

-it has been the same as usual and/or you have been eating as usual

-it has been less than usual and/or you have been eating less than usual

- it has been more than usual and/or you have been eating more than usual
The presence of the criterion was coded as 1 and its absence as 0.

3. WEAKNESS

Highest handgrip strength (Kg)
Right hand

Measurement 1.

Measurement 2:

Left hand

Measurement 1.

Measurement 2:

4. SLOWNESS

Because of a health or physical problem, do you have difficulty doing one of the following
things? (exclude problems expected to last within 3 months)

Walking 100 meters:

No

Yes

Climbing one flight of stairs without resting:

No

Yes

One or two positive answers received the score of 1, and two negative answers received the
score of 0.

5. LOW ACTIVITY

How often do you engage in activities that require a low or moderate level of energy such
as gardening, cleaning the car, or doing a walk?

More than once a week

Once a week

One to three times a month

Hardly ever or never

Figure 6 — SHARE-FI by Romero-Ortuno R et al. is a validated and simple instrument for
frailty screening which evaluates various aspects such as exhaustion, diminution in desire for
food, weakness, difficulty in moving, low physical activity. Two accessible via web calculators
(one for women and one for men) are used to obtain the total score and the frailty category to
which the patient belongs to [261].
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Figure 7 — Jamar Plus+ handgrip is a digital dynamometer used to determine the grip
strength (weakness) at both hands, left and right. For each hand two tests are made and
the measurements that appear on the display of the dynamometer are collected: grip
strength (kg), average between the two measures made for each hand (AVG, kg),
standard deviations (SD, kg) and coefficient of variation (CV, kg).

3.4 Dietary information

Food intake was determined by the validated Italian version of the European project investigation
into cancer and nutrition — Food Frequency Questionnaire (EPIC-FFQ) [263,264]. The
questionnaire, computerized with tailor-made software, allowed us to interview participants in an
interactive way, including illustrations of sample dishes of definite sizes or by reference to standard
portion sizes. The Nutrition Analysis of EPIC-FFQ (NAF) [264] was used to convert questionnaire
dietary data into frequencies of consumption and average daily quantities of foods (g/day) and
energy intake (Kcal/day). NAF was linked to the Italian food composition tables for energy
assessment [266]. To simplify the interpretation of data and to minimize within person variations in
intake of individual foods, 188 food items were classified into 45 predefined food groups on the
basis of similar nutrient characteristics or culinary usage (Table 2). To study a possible relation
between Mediterranean Diet (MD) and frailty, we evaluated the adherence to the MD by using the
MD Score (MDS) developed by Trichopoulou et al. [265]. Briefly, scoring was calculated in a
population free from CVD, cancer, or diabetes and was based on the intake of the following 9
items: vegetables, legumes, fruits and nuts, dairy products, cereals, meat and meat products, fish,
alcohol, and monounsaturated to saturated fat ratio. For most items, consumption above the study
median received 1 point; all other intakes received 0 points. For dairy products, meat, and meat
products, consumption below the median received 1 point. Medians were gender specific. The
possible scores ranged between 0 and 9, the latter reflecting the maximal adherence to the MD.
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Table 2 — Food grouping used in the dietary analyses.

Foods or food groups

Food items

Potatoes

Potatoes

Cooked vegetables

Leafy vegetables, root vegetables, cabbages, onion, carrots, mushrooms, egg plants,
artichokes, sweet peppers, spinach, pumpkins, canned vegetables in oil, picked
vegetables

Raw vegetables

Raw leafy vegetables, raw tomatoes

Tomatoes (cooked)

Tomato sauces, tomatoes

Legumes

Lentils, beans, chickpeas, fava beans, green peas

Fruit

Apples, pears, kiwi, bananas, grapes, peaches, apricots, oranges, tangerines, plums,
strawberries, melon, khaki, figs, cherries

Nuts and dried fruit

Peanuts, almonds, hazelnuts, walnuts, dried figs, dried dates, prune

Olives Olives
Milk Milk
Yogurt Yogurt

Fresh cheese

Mozzarella, ricotta cheese, taleggio cheese, gorgonzola cheese, melted cheese slices,
other soft cream cheese

Seasoned cheese

Fontina cheese, emmenthal, gruyere, parmesan, caciocavallo cheese, other seasoned
cheese

Pasta and other grains

Pasta, yellow maize meal

Rice

Rice

Bread

White bread, bread with oil and other bread

Crisp bread, rusks

Breads sticks, crisp bread

Breakfast cereals

Breakfast cereals

Salty biscuits Crackers

Red meat Beef, pork, lamb, horse, game, other meats

White meat Chicken, turkey, rabbit, veal

Processed meat Sausages, ham, bologna sausage, dried beef, salami
Offal Liver, offal

Canned fish Canned tuna fish and other fish

Crustaceans, molluscs

Crustaceans, molluscs

Fish Other fish

Egg Eggs

Vegetables oils Seed oils (except olive oils)

Olive oil Olive oil

Butter Butter

Margarines Margarines

Animal fats Visible fat from meat, poultry skin, fat from ham
Sugar & sweets Sugar, honey, cakes, ice cream, confections, pastry, pudding
Fruit juices Orange juice, grapefruit juices, other fruit juices
Soft drinks Soft drinks

Coffee Coffee

Tea Tea

Other sauces

Dressing sauces for pasta other than tomato sauce

Mayonnaises

Mayonnaises

Soups Vegetable soups

Bouillon Meat and stock-cube broth

Snacks Vegetable quiche

Pizza Pizza

Wine Red wine, rosé wine, white wine

Spirits Alcoholic beverages other than wine or beer
Beer Beer
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3.5 Cognitive impairment and health-related quality of life assessment

Montreal Cognitive Assessment (MoCA)

The Montreal Cognitive Assessment (MoCA) was used as a rapid screening instrument for mild
cognitive impairment (MCI). It assesses different cognitive domains: attention and concentration,
executive functions, memory, language, visuoconstructional skills, conceptual thinking, calculations,
and orientation [267]. Time to administer the MoCA is approximately 10 minutes. The MoCA
evaluates different types of cognitive abilities (Figure 8). These include:

e Visuospatial/executiveability: these two abilities are assessed through the trail-making test
B (TMT-B), which requires to draw a line to correctly sequence alternating digits and
numbers (1-A, 2-B, etc.) and through a task which requires to draw a copy of a cube shape.
Clock-drawing test:the person is asked to draw a clock that reads ten past eleven.

e Animal naming: three pictures of animals are shown and the individual is asked to name
each one.

e Memory and delayed recall: five words are read and the test-taker is asked to repeat them.
They are read again and asked to repeat again. After completing other tasks, the person is
asked to repeat each of the five words again and given a cue of the category that the word
belongs to if they are not able to recall them without the cue.

e Attention: the test-taker is asked to repeat a series of numbers forward and then a different
series backwards.

e Language abilities: this task consists of repeating two sentences correctly and then listing
all of the words that can be recalled that begin with the letter "F".

e Abstraction: the subject is asked to explain how two items are alike, such as a train and a
bicycle.

e Orientation: the test administrator asks the person to state the date, month, year, day, place,
and city, all referring to the day in which the test is peformed.
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Contorno  Numeri Lancette

_13
MEMORIA Leggere la lista di parole: il Faccia | Velluto | Chiesa | Margherita | Rosso
soggetto deve ripeterle. Fare = 0
le prime 2 prove di seguito e 1°prova .
il “ Richiamo " dopo 5 min. | 2°prova punti
ATTENZIONE Leggere la serie di cifre Il soggetto deve ripeterle [1 21854
(unacifra / sec.) Il soggetto deve ripeterle in ordineinverso [ ] 7 4 2 _12
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Fluenza / In 1 minuto, nomini il maggior numero possibile di parole che iniziano con la lettera “F”. [ ]__(N =11 parole) 1
ASTRAZIONE Similitudini tra per es. banana / arancio = frutti; [ ] treno/bicicletta [ ] orologio/righello | _ /2
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Figure 8 - MoCA test protocol. Several cognitive domains are explored:

visuospatial/executive, naming, memory, attention, language, abstraction, delayed recall
and orientation [267].
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The total possible score of MoCa test is 30 points; a score of 26 or above is considered normal. The

scoring breakdown is reported in table 3.

Table 3 — Score for each ability evaluated in the MoCA test.

MoCA ABILITIES MoCA SCORE (points)
Visuospatial/executive ability
Animal Naming
Memory and delayed recall
Attention
Language
Abstraction
Orientation 6
Educational level 1 point is added to the test-taker's score if he or

she has 12 years or less of formal education

NW o o1 w ol

Short form health survey (SF-36)

The Short Form 36 (SF-36) was used as a self-report measure of functional health and well-being
[268]. The SF-36 is designed to be a brief yet comprehensive measure of general health status. The
SF-36 questionnaire consists of eight scales yielding two summary measures: physical and mental
health. The physical health measure includes four scales of physical functioning (10 items), role-
physical (4 items), bodily pain (2 items), and general health (5 items). The mental health measure is
composed of vitality (4 items), social functioning (2 items), role-emotional (3 items), and mental
health (5 items). A final item, termed self-reported health transition, is answered by the subject but
is not included in the scoring process. The SF-36 offers a choice of recall format at a standard (4
week) or acute (1 week) time frame. Likert scales and yes/no options are used to assess function and
well-being on this 36-item questionnaire.

To score the SF-36, scales are standardized with an algorithm to obtain a score ranging from 0 to
100. Higher scores indicate better health status, and a mean score of 50 has been articulated as a
normative value for all scales. During this PhD work, since SF-36 was self-reported to the elderly

subjects, the official Italian version was used [269] (Figure 9).
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SF 36 QUESTIONMAIRE
QUESTIONARIO SULLD STATO DI SALUTE

Codice del paziente

1. In generale, direbbe che la sua salute e:
{indichi wna casels)

Eccellenta O Malto buona O Buona O Passabila O Scadente O

2. Rispetio ad un anno fa, come givdicherebbe, ora la sua salute in generala?

{indichl una caselia)

Decisamente migliore adesso rispetio ad un anmo fa 4
Un po' migliore adesso rispetio ad un anno fa a
Pi0 o mano uguala rispetio ad un anno fa 4
Un po' peggiore adesso rispatto ad un anno fa 4
Decisamente paggiore adesso rispetio ad un anno fa 4

3. Le seguenti domande riguardano alcune attivita® che potrebbe svolgere nel corso di una

gualsiasi giornata. La Syg salyte La limita gityalmente nello svolgimento di queste attivi-
ta?

S& 5l fino a che puna?
(indichl per ognl domandsa il numers 1,2 o 3)

S5i, milimita | Si, mi imita | Mo, non mi
parecchio | parziglmenta | limita par
nulla
al Aftivita® fisicamants impeanative. come comera, 1 2 3
sollevare oggetdti pesanti, praticare spord faticosi
b} Attivita® di modarato impegno fisico, come sposia- 1 2 3
ree un tavolo, usare Faspirapolvera, giocars a boc-
ca o fare un girefto in bicicletia
c) Sollevare o porfare le borsa della spasa. 1 2 3
d) Salire gualche piano di scale. 1 2 3
g] Salire un piana di scale. 1 2 3
f} _Piagarsi, inginocchiarsi o chinarsi. 1 2 3
gl Camminare par un chilometro. 1 2 3
h) Camminare par gualche centinaia di metri. 1 2 3
ij Camminare par circa cento metri. 1 2 3
ji _Farsi il bagno o vestirsi da soli. 1 2 3

Figure 9 — First page of the Official Italian version SF-36 questionnaire. Through 36
multiple questions, different aspects are investigated such as physical activity, role and
physical health, physical pain, health in general, vitality, social activities, role and
emotional state, mental health.[269].
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3.6 Blood inflammation, coagulation and CVD risk biomarkers

Venous blood sampling and treatment before laboratory analysis

Venous blood samples were obtained by a venipuncture using the vacutainer system between the
hours of 7.00 and 9.00 a.m. from participants who had fasted overnight and had refrained from
smoking for at least six hours. For hemocromocytometric analysis, an EDTA fresh tube was used.
Inflammation, coagulation and CVD risk analytes were determined on frozen samples using the
appropriately prepared serum or plasma, respectively:

e to obtain serum: the blood was taken in a tube with a separating gel and left at room
temperature for about half an hour. Subsequently it was centrifuged at 3.000 rpm for 20
minutes, separating the serum;

e to obtain plasma: the blood was taken using tubes containing sodium citrate 3.8% in right
proportion (1:9), mixed by gently inverting the tube and centrifuged at 3.000 rpm for 20
minutes at room temperature. The plasma was then separated from the corpuscular part to
avoid alterations.

Laboratory analysis were performed in the centralized Moli-sani laboratory using commercial

reagents and automatic analyzers.

Hemocromocytometric analysis with leukocyte formula

Clinical relevance: hemocromocytometric analysis evaluates the cell populations in the peripheral
blood, both in terms of quantity and quality, including red blood cells (RBC), white blood cells
(WBC) or leukocytes and platlets (PLT). The dosage of haemoglobin (Hb) and RBC indices are
also included. The leukocyte formula provides quantitative and qualitative information on the five
leukocyte populations: neutrophils (N), eosinophils (E), basophils (B), lymphocytes (L) and
monocytes (M) Sample: whole blood, EDTA

Dosage principle: the flow cytometry-based system uses light scatter, differential WBC lysis, and
myeloperoxidase and oxazine 750 staining to provide a complete blood cell count. A cyanide-free
method is used to measure Hb colorimetrically

Method: enzymatic using peroxidise

Haematological automated cell counter: all hemocromocytometric analysis were performed using
the same cell counter ADVIA 120 (Siemens Healthcare Diagnostics Milan, Italy) within 1 h from
blood collection. Quality Control intraday for ADVIA 120 was performed by using three different

levels of standards: Abn I, Abn 11 and Normal.
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Coefficient of variability (CV) was 2.9%, 2.5%, and 2.6% for WBC respectively for Abn I, Abn 1l
and Normal; 4.2%, 2.4%, 2.8% for PLT respectively for Abn I, Abn Il and Normal; 1.6%, 1.4% and
1.3% for RBC respectively for Abn I, Abn Il and Normal

High sensitive C-Reactive Protein (hs-CRP)

Clinical relevance: protein that contributes to the activation of the complement system and to the
acceleration of phagocytosis; it is an inflammation index

Sample: serum, separator gel

Dosage principle: frozen serum CRP causes the agglutination of latex particles coated with anti-
CRP antibody

Method: immunoturbidimetric assay; wavelength = 570/750nm

Clinical chemistry instrument: ILab ARIES Instrumentation Laboratory, Milan, Italy. CV for hs-
CRP was 7.3%

D-Dimers

Clinical relevance: D-Dimer is the degradation product of fibrin stabilized by coagulation factor
Xllla and therefore represents an index of fibrinolysis. Its clinical use is above all in the diagnosis
of the exclusion of venous thrombosis and of pulmonary embolism. It can be used as a marker of
fibrinolysis even in other clinical conditions such as the Disseminated Intravascular Coagulation
(DIC). This analyte can be high even in other clinical conditions in which there may be
hypercoagulability and consequently hyperfibrinolysis such as trauma, surgery, burns and tumors. A
marked increase in its concentration occurs following pharmacological fibrinolytic treatment
Sample: plasma, sodium citrate

Dosage principle: D-Dimers levels were measured in a suspension of polystyrene latex particles of
uniform size coated with a monoclonal antibody highly specific for D-Dimer domain included in
fibrin soluble derivatives. When a plasma containing D-Dimer is mixed with the Latex Reagent and
the Reaction Buffer, the coated latex particles agglutinate. The degree of agglutination is directly
proportional to the concentration of D-Dimer in the sample and is determined by measuring the
decrease of the transmitted light caused by the aggregates

Method: turbimetric immunoassay

Coagulation instrument: ACL9000 Instrumentation Laboratory Milan Italy. CV for D-dimer was

5.2%; 7.9% and 7.8% respectively for in-house plasma pool, low and high control
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Blood markers of CVD risk

Serum lipids (total cholesterol, HDL-cholesterol, triglycerides and glucose) were assayed by
enzymatic reaction methods using an automatic analyzer (ILab ARIES Instrumentation Laboratory,
Milan, Italy). Quality control for lipids and glucose was obtained by a commercial standard (Ser 1
and Ser 2). The CV were respectively 4.2% and 4.2% for blood cholesterol; 3.4% and 5.1%
respectively for HDL-cholesterol; 4.9% and 4.4% respectively for triglycerides, 3.1% and 2.9%

respectively for blood glucose.

INFLA-score

The low-grade inflammation score (INFLA-score) had been used previously within the Moli-sani
cohort and allows one to evaluate the possible synergistic effects of inflammation biomarkers. 10-
tiles of each biomarker levels (CRP, WBC, platelets, G/L ratio) were generated. For all four
components, being in the highest deciles (7 to 10) gave a score which increased from 1 to 4, while
being in the lowest deciles (1 to 4) was negatively scored from -4 to -1. Being in the deciles 5 or 6
got zero points. In such a way, the INFLA-score ranged from between -16 and 16 and came up as
the sum of the four biomarkers. An increase in the score represented an increase in low-grade
inflammation intensity. For analysis purposes, quartiles of the INFLA-score were also generated
[270,271].

3.7 Covariate assessment

History of cardiovascular disease (angina, myocardial infarction, revascularization procedures,
peripheral artery disease and cerebrovascular events) was self-reported and confirmed by medical
records and therapy. History of cancer was self-reported and confirmed by medical records.
Hypertension, hyperlipidaemia and diabetes were defined by use of specific pharmacological
treatment. Physical activity (PA) was assessed by a structured questionnaire (24 questions on
working and leisure time and sport participation) and expressed as daily energy expenditure in
metabolic equivalent task-hours. Leisure-time PA was expressed as daily energy expenditure in
metabolic equivalent task-hours (MET-h/d) for sport, walking and gardening [272]. Height and
weight were measured and Body Mass Index (BMI) was calculated as kg/m? and then grouped into
three categories as normal (<25), overweight (>25<30) or obese (>30). Waist circumferences were
measured according to the National Heart, Lung and Blood Institute guidelines [273].
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Household net income categories were considered as low (< 25,000 Euro/year), medium-high
(>25,000 <40,000 Euro/year) and high (>40,000 Euro/year). Education level was divided into three
categories: up to lower secondary, upper secondary and post-secondary. Subjects were classified as
non-smokers if they had smoked less than 100 cigarettes in their lifetime or they had never smoked
cigarettes, ex-smokers if they had smoked cigarettes in the past and had stopped smoking for at least
1 year, and current smokers if they reported having smoked at least 100 cigarettes in their lifetime

and still smoked or had quit smoking within the preceding year [274].

3.8 Statistical analysis

All continuous variables were tested for normality using Shapiro’s test and were reported as means+
standard deviation (SD). Categorical variables were reported as frequencies and percentages.
Variables with positive skewed distribution (SHARE-FI score, triglycerides, glucose, hs-CRP,
leucocytes, D-dimers) were natural log-transformed and were reported as median and interquartile
range (IQR). SHARE-FI score was categorized in non-frail, pre-frail and frail separately for men

and women, as reported by Romero-Ortuno et al. [261] (Figure 10).

Females

o If predicted DFS < 0.3151361243, NON-FRAIL
o If predicted DFS < 2.1301121973, PRE-FRAIL
o If predicted DFS < 6, FRAIL

Males

o If predicted DFS < 1.211878526, NON-FRAIL
o If predicted DFS < 3.0052612772, PRE-FRAIL
o If predicted DFS < 7, FRAIL

Figure 10 — Cut-offs for the SHARE-FI categorization by
Romero-Ortuno R et al. [261].
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Differences in the distribution of demographic (age, sex), socioeconomic (i.e. education, income),
clinical (i.e. history of CVD, cancer, diabetes), biochemical (i.e. blood inflammation and
coagulation biomarkers, lipids) and dietary (i.e. MDS, food groups, macronutrients) variables
according to frailty categories were calculated using non-parametric Wilcoxon Two-Sample Test
(for continuous variables) and Exact Fischer test (for categorical variables) in SAS software. Two-
sided P-value <0.05 was considered as statistically significant. The data analysis was generated
using SAS/STAT software, Version 9.4 of the SAS System for Windows®2009. SAS Institute Inc.
and SAS are registered trademarks of SAS Institute Inc., Cary, NC, USA. (ref: SAS Institute Inc.
Base SAS® 9.4 Procedures Guide: Statistical Procedures, 2nd edn. Cary, NC: SAS Institute, Inc;
2013)
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Chapter 4: Results

During this PhD thesis, from May 2018 to May 2019, 229 elderly subjects aged >65 were recruited
during the recall phase of the Moli-sani Study at the recruitment centre of the Epidemiology and
Prevention Department of the I.R.C.C.S. Neuromed, Pozzilli, based in Via Garibaldi 21,
Campobasso, Molise, Italy. Finally, 226 people were analyzed because 3 subjects were excluded
from the statistical analysis for unreliable questionnaires. We calculated the SHARE-FI score
according to Romero-Ortuno R et al. [261] and determined distribution in the total sample (N=226).

As showed in figure 11, we have a non-Gaussian distribution of the analyzed elderly population.
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Figure 11 — SHARE-FI non-Gaussian distribution in
the total sample (N=226).
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The SHARE-FI score median (Interquartile Range, IQR) was the same both for men and women
(median (IRQ): -0.43(-0.79;0.38) and -0.44 (-0.77;0.72), respectively). However, considering the
distribution of the five components proposed by Romero-Ortuno R et al. [261], the prevalence of
self-reported exhaustion (fatigue) was higher in women than in men (14.6% vs 4.3%, respectively;
P=0.011). Moreover, the grip strength, determined using Jamar Plus+ digital dynamometer, was
lower in women than in men (mean £SD: 22.1 + 6.1 vs 39.6 = 8.6 Kg, respectively; P<0.0001)
(Table 4).
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Table 4 - SHARE-FI and its components distribution in men and women (N=226).

Gender
Women Men P value
N (%) 110 (48.7) 116 (51.3)
SHARE-FI score, median (IQR) -0.43 (-0.79;0.38)  -0.44 (-0.77;0.72) 0.44
SHARE-FI score Components
Fatigue, 14.6 4.3 0.011
Loss of appetite, 8.2 35 0.16
Grip strength, Kg mean+SD 22.1+6.1 39.6+8.6 <0.0001
Functional difficulties 10.9 17.2 0.19
Physical activity 0.74
hardly ever, o never 66.4 69.0
one to three times a month 19.1 14.6
once a week 4.5 35
more than once a week 10.0 12.9

p value from non-parametric Wilcoxon Two-Sample Test (continuous) and Exact Fischer test (categorical)
Values are presented as percentages unless otherwise stated
IQR= Interquartile Range

Using Romero-Ortuno R et al. categorization (non-frail, pre-frail and frail) [261], it was possible to
divide the total sample (N=226) in the three above-mentioned groups. The prevalence of pre-frail
and frail individuals was 15.9% and 5.3%, respectively. The prevalence of frail individuals resulted

higher in women than in men (Table 5).

Table 5 - SHARE-FI categorization in the total sample (N=226).

Non-frail Pre-frail Frail
Total sample, N (%) 178 (78.8) 36 (15.9) 12 (5.3)
SHARE-FI score -0.61 (-0.82;-0.24)  1.20(0.75;1.63) 3.51 (2.65;4.21)
Women, N (%) 79 (71.8) 23 (20.9) 8 (7.3)
SHARE-FI score -0.65 (-0.89;-0.36)  0.80 (0.60;1.11) 3.06 (2.43;4.21)
Men, N (%) 99 (85.3) 13 (11.2) 4 (3.5)
SHARE-FI score -0.54 (-0.80;-0.07)  1.65(1.42;2.10) 3.80 (3.36;4.38)

Values are presented as median and Interquartile range unless otherwise stated
Abbreviation: IQR= Interquartile Range
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Pre-frail and frail categories were collapsed to create a dichotomous variable having just two
categories: pre-frail/frail vs non frail individuals. Women were more pre-frail/frail than men
(28.2% vs 14.7%, respectively; P=0.015). The characteristics of the study population are showed in
table 6. Pre-frail/frail individuals were older than frail individuals (mean £SD: 75.1+6.0 vs 72.1+5.2
years, respectively; P=0.0008). Moreover, pre-frail/frail elderly people showed a tendency towards
lower level of education (45.8% vs 36.7%, respectively; P>0.05) and household income <25,000
EUR/year (52.1% vs 41.6%, respectively; P>0.05) and a higher prevalence of history of
cardiovascular disease (16.7% vs 10.2%, respectively; P>0.05). Pre-frail/frail elderly people
showed a higher significant prevalence of hypertension than non fail individuals (72.9% vs 58.2%,

respectively; P=0.068).

Table 6 — Characteristics of the study sample according to frail phenotype (N=226).

Frail phenotype

Total Non-frail Pre-frail/frail P value

N of subjects (%) 226 (100) 178(78.8) 48 (21.2)
Men 51.3 55.6 35.4 0.015
Age (years, meanSD) 727455 721452  75.1+6.0 0.0008
Educational level 0.54

Up to lower secondary  38.7 36.7 45.8

Upper secondary 39.6 40.7 354

Postsecondary 21.8 22.6 18.8
Household income (€/yr) 0.66

<25,000 43.8 41.6 52.1

>25,000<40,000 32.7 33.7 29.2

>40,000 15.9 16.9 12.5

Unknown 7.5 7.9 6.3
Smoking status 0.31

Non-smokers 53.1 50.6 62.5

Current 10.6 10.7 104

Former 36.3 38.7 27.1
BMI (kg/m?) 0.65

Normal weight 23.5 23.0 25.0

Overweight 43.4 44.9 37.5

Obesity 33.2 32.0 375
History of CVD 11.6 10.2 16.7 0.21
History of Cancer 12.5 11.9 14.6 0.63
Diabetes 13.8 13.6 14.6 0.82
Hypertension 61.3 58.2 72.9 0.068
Hyperlipidaemia 0.14

Yes 30.1 27.5 39.6

Unknown 5.8 51 8.3

p value from non-parametric Wilcoxon Two-Sample Test (continuous) and Exact Fischer test (categorical)
Values are presented as percentages unless otherwise stated
Abbreviation: CVD: cardiovascular disease
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Table 7 shows dietary habits of the study sample according to frail phenotype. For this analysis 222
individuals were considered, because 4 EPIC-FFQs were incomplete. There was no difference
between normal and pre-frail/frail elderly people in the adherence to MD. However, considering the
single MD components (food groups), we found a reduced consumption of fruits and nuts (P=0.047)

and legumes (P=0.010) in pre-frails/frails compared to non frail individuals.

Table 7 — Dietary habit of the study sample according to frail phenotype (N=222).

Frail phenotype
Non-frail Pre-frail/frail P value

N of subjects (%) 177 47 (21.0)
(79.0)

Mediterranean diet score (0-9) 4.5+1.7 4.2+1.8 0.25
Mediterranean diet score, %

Low (0-3) 27.7 34.0 0.55

Medium (4, 5) 41.2 42.6

High (6-9) 31.1 23.4
Energy intake (Kcal/d) 1826+456 1766415 0.46
Food groups (g/d)
Fruits and nuts 300+126 265+139 0.047
Vegetables 139452 127+58 0.41
Legumes 32+17 25114 0.010
Cereals 170+66 172449 0.74
Fish 49424 44422 0.25
MUFAS/SFAs 1.33+0.27 1.26+0.20 0.18
Meat and meat products 7529 78+36 0.67
Milk and dairy products 1544103 161184 0.44
Moderate alcohol consumers, % 37.9 46.8 0.32

Macronutrients (g/d)

Carbohydrates 211+62 20654 0.74
Proteins 7517 73£15 0.55
Animal protein 51+13 50+£13 0.63
Vegetable protein 2416 2316 0.35
Fats 71+19 68+18 0.54
Monounsaturated FA 33.0+8 31.5+9 0.32
Polyunsaturated FA 7.7£2.0 7.6+1.9 0.82
Saturated FA 26+9 257 0.73
Fibre 19.0+4.3 17.65.0 0.12
Dietary calcium (mg/d) 893+282 859+254 0.25
Dietary sodium (mg/d) 20241662 1982+519 0.99

Values are reported as means with standard deviation (SD) unless otherwise stated.
p value from non-parametric Wilcoxon Two-Sample Test (continuous) and Exact Fischer test (categorical)
Abbreviation FA: fatty acids
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When participants aged 65-69 years, pre-frail/frail subjects had higher prevalence of a lower
adherence to MD than non-frail elderly people (50.0% vs 21.6%, respectively; P=0.054, table 8).

Table 8 — Mediterranean Diet and frailty in participants aged 65-69 years (N=88).

Frail phenotype

Participants aged 65-69 yrs, Non-frail Pre-frail/frail P value
N 88
Mediterranean diet score,%
low 21.6 50.0 0.054
medium 48.7 16.7
high 29.7 33.3

p value from non-parametric Exact Fischer test (categorical)

Pre-frail/frail elderlies showed a higher cognitive impairment (MoCA test, mean £SD: 22.1+4.1 vs
23.6£3.5, respectively; P=0.023, table 9) and a worse perception of physical health-related quality
of life (SF-36 physical dimension score, mean £SD: 41.8+7.1 vs 45+5.8, respectively; P=0.0057,

table 9) than non-frails.

Table 9 — Cognitive impairment (MoCA test, N=224) and health-related quality of life
(SF-36, N=218) according to frail phenotype.

Frail phenotype

Non-frail Pre-frail/frail P value
Short form health survey (SF-36), N 218
N of subjects (%) 173 (79.4) 45 (20.6)
SF36 mental score 45.9 (9.5) 44.2 (10.4) 0.31
SF36 physical score 45.0 (5.8) 41.8 (7.1) 0.0057
Montreal Cognitive Assessment (MoCA) test, N 224
N of subjects (%) 177 (79) 47 (21.0)
Total score 23.7 (3.5) 22.1 (4.1) 0.023

Values are reported as means with standard deviation (£SD)
p values from non-parametric Wilcoxon Two-Sample Test (continuous)
Abbreviation: SF-36= Short form health survey; MoCA= Montreal Cognitive Assessment

Pre-frail/frail individuals had lower levels of serum total cholesterol than non-frails (mean +SD:
185.6+38.9 vs 210+43.8 mg/dL, respectively; P=0.0004, table 10), which could be explained by the
higher use of lipid-lowering drugs (43.2% vs 29%, respectively).
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Table 10 — Traditional markers of CVD risk (N=226).

Frail phenotype

Non-frail Pre-frail/frail P value
N of subjects, (%) 176 (78.9) 47 (21.1)
Total Cholesterol, mg/dL ~ 210.0+43.8 185.6+38.9 0.0004
HDL-Chol, mg/dL 58.2+13.0 57.4+15.7 0.90
Triglycerides, 0.075

mg/dL median (IQR) 120 (92.5;161.5) 97 (82.0; 155.0)

HCL drug, (%) 29.0 43.2 0.10

Glucose, _ 109.0 0.29
mg/dL median (IQR) 103.0(96.0;113.0) (94.0;117.0)

MetS,% 40.3 48.9 0.32

Values are reported as means with standard deviation (£SD) unless otherwise stated.

p value from non-parametric Wilcoxon Two-Sample Test (continuous) and Exact Fischer test (categorical)
Abbreviation: HCL=hypercholesterolemia;MetS=metabolic syndrome

High blood levels of hs-CRP was found in pre-frails/frails as compared with no-frail elderly people
(median (IRQ): 2.5 (1.0;4.8) vs 1.4 (0.8;3.5) mg/L, respectively; P=0.043, table 11). D-dimers
plasma levels were also higher in pre-frails/frails compared to the non-frails (median (IRQ): 298
(227;460) vs 254 (226;328) ng/mL, respectively; P=0.053, table 11).

Table 11 — Biomarkers of inflammation and coagulation (N=226)

Frail phenotype

Non-frail Pre-frail/frail P value
N of subjects, (%) 178 (78.4) 48 (21.6)
C-Reactive Protein (mg/L), median (IRQ) 1.4 (0.8;3.5) 2.5(1.0;4.8) 0.043
Leukocyte count (x10%/L), median (IRQ) 5.9 (5.2;6.9) 5.4 (4.8:7.0) 0.24

Granulocyte/lymphocyte ratio 2.00£0.99 2.14+0.94 0.42
Platelet count (x10°%/L) 236.2+53.3 236.7+£69.0 0.93
INFLA-score (-16 to 16) -0.086+5.24 0.63+7.20 0.63
D-dimer (ng/mL), median (IRQ) 254 (226;328) 298 (227;460) 0.053

Values are reported as means with standard deviation (£SD) unless otherwise stated.
p value from non-parametric Wilcoxon Two-Sample Test
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Chapter 5: Discussion

In our population of elderly Southern-Italy subjects, overall prevalence of pre-frailty was 20.9% in
women and 11.2% in men, and the prevalence of frailty was 7.3% in women and 3.5% in men.
Despite the small sample, this is in line both with the Cardiovascular Health Study (CHS) by Fried
LP et al. [2], which showed a prevalence of frailty in the original cohort (1989-1990) of 7.3% in
females and 4.9% in males, and with Survey of Health, Ageing and Retirement in Europe — Frailty
Instrument (SHARE-FI) study by Romero-Ortuno R et al. [261] in which the prevalence of pre-
frailty was 25.8% in women and 14.6% in men and the prevalence of frailty was 7.3% in female
and 3.1% in male subjects. All these studies used the same instrument to measure frailty in the
general population, confirming that the SHARE-FI represents a common language to evaluate
frailty. As it currently stands, the main potential use of SHARE-FI is the screening and monitoring
of frailty in the community or primary care setting in order to help decide who would benefit from
secondary care referrals and/or early multidisciplinary case management. To that effect, the
advantages of SHARE-FI are that it can be easily administered in the community by non-physicians
(e.g. nurse, health visitor or other allied health professionals), and it is a brief instrument. If we
consider the five components (exhaustion, weight loss, weakness, slowness and low activity) of the
questionnaire individually, in this PhD work women experience more fatigue and have less
handgrip strength. This result was also found in the study by Joosten E et al., in which the grip
strength was higher in men than in women (23.1+£9.8 vs 14.7+7.4 kg; P<0.001) in a sample of 209
geriatric inpatients [275]. The fact that gender has a strongest influence on grip strength was also
found in a multivariate linear regression analysis by Dudzinska-Griszek J et al. [276]. A recent
systematic review investigating the prevalence of frailty [277] in 21 community based cohort
studies, involving 61,500 older people found that, when the reported rates were restricted to the
studies that used the phenotype model, the weighted average prevalence rate was 9.9% (95%
Confidence Interval (Cl) 9.6-10.2%) for frailty and 44.2% (95%, Cl 44.2-44.7%) for pre-frailty.
Moreover, frailty was statistically more prevalent in women (9.6%, 95% CI 9.2-10.0%) than men
(5.2%, 95% CI 4.9-5.5%). Due to low number of frail persons in our study, for further analysis, pre-
frail and frail categories were collapsed to create a dichotomous variable having just two categories:
“pre-frail/frail” vs “non frail” individuals. We found that frailty increased with age and was higher
in women than men. Also in other studies frailty increased steadily with age, e.g.: 65-69 years: 4%);
70-74 years: 7%; 75-79 years: 9%; 80-84 years: 16%; >85 years: 26% [278].
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Rates appear to be higher in studies that employed the graded frailty index, which would count as
frail some people whose increased risk is captured in the pre-frail category of the phenotype model
[279]. Among the determinants of frailty, we can also include socio-economic status. As showed in
our study, pre-frail/frail subjects had a lower level of education and household income. In scientific
literature several studies reported that, for both men and women, adequacy of income was an
independent determinant of frailty. This is compatible with the link between poverty and ill-health
[280]. It is likely that frailty is an accompaniment of poorer health. Previous studies also suggested
that socioeconomic factors contribute to differences in frailty and pre-frailty and that health
inequalities as a result of education, occupational class, and wealth persist throughout old age
[281,282]. Additionally, recent studies found an increased risk in the worsening of frailty over time
in lower educated persons aged >55 years compared to higher educated persons [283-285]. This
persisting inequality in old age can be partly explained by lifestyle and health, such as lower
consumption of moderate amount of alcohol, higher sedentariness, higher obesity, higher chronic
disease rates, and being depressed [286-290]. We know from the literature that there is a
relationship between social factors and health. This relationship manifests itself in two ways. First,
social integration (marriage, family relationships, friendships, church and civic communities,
volunteering) is a good “therapy” for the health of the individuals because it prevents health
problems, leads to more rapid recovery and extends life [291-293]. The more social relationships
someone has, the fewer health problems they will suffer. This suggests that the onset of social
frailty can lead to the onset or exacerbation of health problems. Older people with a low education
level or a low income have a higher risk of mortality, being admitted to an institution and
developing functional disabilities. These health differences among older persons suggest a
systematic and chronic problem for the public health system, and indicate that the highest
proportion of all health problems occurs in groups which are socially and economically
underprivileged. If substantial socioeconomic differentials in frailty are found to exist among older
persons, greater efforts need to be made to eliminate and reduce those differentials. In our study a
higher prevalence of hypertension was found in pre-frail/frail elderlies, confirming previous
evidence. Several studies, indeed, have assessed the association of frailty with hypertension,
although the cause-effect relation is still debated. Four longitudinal studies examined the risk of
incidence of frailty according to baseline hypertension status, providing conflicting results [294].
Two studies found that baseline hypertension did not significantly predict incidence of frailty
[295,298], but Boullion K et al found that hypertension was associated with an increased incidence
of the combined outcome prefrailty/frailty (P=0.009) [296].
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Castrejon-Pérez RC et al. [297] found that hypertension was associated with incident frailty at
univariate analysis (Hazard ratio (HR) 2.11, 95% CI 1.03 to 4.31), but this association was not
confirmed in the multivariate analysis (HR 1.58, 95% CI 0.83 to 3.01). In older adults, it has been
even suggested that frailty can explain the paradoxical relationship between lower blood pressure
(BP) and increased mortality documented in several studies [366-369]; this could be the reason for
which the higher hypertension prevalence is survived frail persons. For example, data from the
National Health and Nutrition Examination Survey (NHANES) demonstrated an effect modification
of hypertension according to frailty level in terms of walking speed [370]; in fit persons, elevated
BP was associated with greater mortality, while in frail participants higher BP was associated with
lower mortality risk. The Systolic Blood Pressure Intervention Trial (SPRINT) study showed that
compared with standard BP control, intensive control reduces the incidence of cardiovascular
events both in frail and non-frail persons, but this study did not show any effects of intensive BP
control on risk of frailty-related outcomes, such as gait speed and mobility limitation [371,372]. The
results of this PhD thesis showed that there is no difference in the Mediterranean diet (MD)
adherence among non-frails and frails. However, consumption of individual food such as fruits, nuts
and legumes was lower in pre-frail/frail elderlies. Our findings concur in part with those obtained in
previous research [299,300]. Bollwein J et al. [299] conducted a cross-sectional study among 192
community-dwelling older volunteers (>75 years) in Nlrberg (Germany), who were classified into
quartiles of the alternate MED score, developed from the original score of Trichopoulou et al. and
adapted for a non-Mediterranean population. In multivariable analyses, the frequency of frailty,
based on the Fried criteria [2], was significantly reduced in the highest quartile of the MED score
[299]. In the Invecchiare in Chianti (InChianti) study, Talegawkar SA et al. [300] selected 690
community-living persons aged >65 years in Tuscany (Italy), who were classified according to the
MD score. Individuals were followed during 6 years to identify incident frailty, assessed with the
Fried criteria [2] except for weight loss. After adjustment for confounders, higher adherence to a
Mediterranean-style diet was associated with lower odds of developing frailty as compared with
those with lower adherence. Although we did not find difference in the MD score, probably due to
the low power of our study, our findings shows that the most important components of the MD may
contribute to lower risk of frailty, namely legumes, fruits and nuts. Moreover, a significant tendency
toward less frailty according to a high adhesion to the MD was observed in participants aged 65-69
yeras; this probably reflects an interaction between the MD and subclinical diseases in the older
adults. In fact, there is evidence that frailty is associated with subclinical cardiovascular disease
[301,302].
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The effect of a high dietary quality on frailty might be mediated by a high fruit and vegetable intake
and low intake of animal products as proposed in the MED score. Furthermore, vegetable foods are
the main nutritional sources of carotenoids and vitamin C. There is evidence that these associations
are mediated by tissue damage caused by oxidative stress [303] and inflammatory processes
[304,305]. This is supported by the finding that MD score is strongly associated with lower plasma
concentrations of inflammation biomarkers in middle-aged and older people [306]. The assumption
of anti-inflammatory effects of some components of the MD score is supported by the findings of
Lopez-Garcia E et al. [307] who detected a dietary pattern characterized by higher intakes of fruit,
vegetables, legumes, fish, poultry and whole grains that was inversely associated with plasma
concentrations of inflammation markers. Poor nutrition might contribute to frailty, but on the other
hand frailty might also affect dietary intake, for example by impairments in going shopping,
chewing, or swallowing. Based on our data, it is not possible to decide, whether a Mediterranean
diet prevents frailty or whether the diet is altered by frailty or comorbidity which might contribute
to nutritional risk. Another limitation is the small sample size, and the small group of frail
participants, which limits the statistical power to detect significant associations, which we
nevertheless detected. A strong point of our study is that all European Prospective Investigation
into Cancer and Nutrition — Food Frequency Questionnaires (EPIC-FFQs) have been conducted in
personal interviews by a single experienced nutritionist. Secondly, for all assessments, well-
validated tools have been used, and professional personnel was engaged. In conclusion, our results
are in line with existing evidence relating diet to frailty. About blood biomarkers inflammation,
elevated levels of CRP and D-dimers were found in the frail elderly people of the Moli-sani Study.
Higher hs-CRP levels were identified in the frail compared with the not frail group. In our
study, as hs-CRP serum levels increased, D-dimers plasma levels also increased, so that
the inflammatory/coagulation pathways have the potential to spiral into a self-perpetuating cycle, as
several of the key factors feed back in a positive manner. For example, D-dimers are known to
stimulate the synthesis and release of proinflammatory cytokines, including IL-6 form peripheral
blood monocytes and mouse hepatic cells in vitro, as noted above [308,309]. IL-6 in turn,
perpetuates the cycle by enhancing coagulation factor and platelet synthesis with microthrombi
formation that, in turn, result in endothelial cell damage and further stimulation of both
inflammatory and coagulation pathways. Thus, an increase in generalized thrombotic tendency seen
in late life could be the result of the commonly acknowledged inflammatory dysregulation of aging.
About biomerkers of CVD, we surprisingly found that total cholesterol serum levels were lower in

pre-frail/frail people.
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In an Italian study [310] the authors evaluated the association between serum cholesterol levels and
social, clinical, and functional characteristics in 637 elderly hospitalized patients (mean age=79.1
years, range = 65-97) from the Geriatric Evaluation and Rehabilitation Unit (GERU) at P. Richiedei
Hospital in Gussago, Brescia (Italy). Patients consecutively admitted to the GERU during an 18-
month period underwent a multidimensional evaluation including information on demographics,
cognitive status, physical health (number of chronic diseases and administered drugs), functional
disability, and nutritional status. Mean cholesterol levels were significantly lower in men, persons
living with others, older individuals, and individuals with cognitive impairment, poorer somatic
health, higher disability, and a higher level of malnutrition. So that lower serum cholesterol levels
may be considered an independent hematologic marker of frailty in elderly hospitalized patients
[310]. In our case, low blood cholesterol levels were associated with the use of lipid-lowering
drugs. In gene-specific models, which to some extent mimic the effects of long-term exposure of
individuals to the modulation of lipid-lowering drug targets, most of the corresponding therapeutics
(including statins) would be predicted to reduce frailty. A prospective cohort study of 383 residents
aged >65 years found that the risk of mortality, all-cause hospitalizations, and incidence of falls
during the 12-month follow-up were lower among statin users than non-users [311]. In contrast, an
observational study of statin use and incident frailty in women aged >65 years failed to observe
associations between current statin use, duration and potency of statin use and incident frailty.
However, among users of low potency statins, longer duration of use was associated with reduced
risk of frailty [312]. Our study was one of the few investigating frailty and Mild Cogntive
Impairment (MCI). Growing evidence has indicated that there is a connection between frailty and
cognitive impairment. Several studies have reported a longitudinal association between frailty and
rate of MCI in elderly community-dwelling individuals. Boyle PA et al. [230] reported, in an
assessment that used 12 years of annual follow-up data, that physical frailty was associated with a
high risk of MCI, such that each 1-unit (grip strength, timed walk, body composition, and fatigue)
increase in physical frailty was associated with a 63% increase in the risk of MCI. Although the
criteria for determining frailty and MCI varied lightly between studies, our results were in
accordance with previous findings, and thus add support to the association between frailty and MCI.
Despite some methodological differences, most previous studies report prevalence figures for MCI
or for cognitive impairment without dementia ranging from 11% to 23%. The Women'’s Cognitive
Impairment Study of Exceptional Aging (WISE) used global and domain-specific cognitive
measures and found that the prevalence of MCI or cognitive impairment without dementia was

23.2% in a sample of 1,299 participants aged >85 years [313].
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The Mayo Clinic Study of Aging (MCSA) diagnosed 329 of 1,969 study participants (16.7%) with
MCI or cognitive impairment without dementia using the Clinical Dementia Rating (CDR) Scale, a
neurologic evaluation, and neuropsychological testing to assess 4 cognitive domains: memory,
executive function, language, and visuospatial skills [314-315]. In the present study, we found the
combined prevalence of frailty and MCI using Montreal Cognitive Assessment (MoCA) test and
Short Form Health Survey (SF-36) self-administered questionnaire. MoCA test, and a state of low
physical and mental health perceived by the subject through SF-36 questionnaire. These results
suggest that frailty is linked to both conditions. Many researchers believe that the definition of
frailty should include mental health as well as physical functioning. The Frailty Operative
Definition — Consensus Conference (FOD-CC) project reported that experts agreed on the
importance of a more comprehensive definition of frailty that should include assessment of physical
performance, including gait speed and mobility, nutritional status, mental health, and cognition
[17]. The results of the present study are in line with the new concept of frailty, which included
cognition. Individuals with a co-occurrence of frailty and MCI may face a higher risk of incident
disability than healthy older adults or older adults with either frailty or MCI. The French Three-City
Study established that frail persons with a cognitive impairment were significantly more likely to
develop disabilities in activities of daily living (ADL) and instrumental ADL (IADL) disabilities
[316]. Moreover, the Hispanic Established Populations for the Epidemiologic Study of the Elderly
(HEPESE) demonstrated that frailty and cognitive impairment affect mortality differently when
they occur independently compared with when they are present together. For instance, individuals
with cognitive impairment and frailty had higher mortality compared with individuals with either
frailty or cognitive decline [317]. Further longitudinal studies are needed to clarify the ways in
which frailty and MCI might affect vulnerability among older adults.
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Chapter 6: Conclusions

Frailty is a practical and unifying concept in the care of older people that directs attention away
from organ specific diagnoses towards a more holistic viewpoint of the patients and their
predicament. It is a state of vulnerability to poor resolution of homeostasis following a stress and is
strongly associated with adverse outcomes. Distinguishing older people who are frail from people
who are not frail should therefore form an essential aspect of assessment in any health care
encounter that might result in an invasive procedure or potentially harmful medication. Preventing
frailty and its consequences is a challenge to an aging society, and there are important obstacles to
such prevention. One is the need for a more precise characterization of the clinical syndrome of
frailty and its natural history. Multiple, interacting diseases are common in frailty; the prevalence of
such comorbidity increases as disability increases, but it is unclear how this relation should be
interpreted. For example, some diseases (e.g. stroke, myocardial infarction, renal failure) may have
similar mechanisms and may all be expressed as frailty. Likewise, frailty may be a final common
path in the expression of unrelated diseases. In either event frailty may be merely a state through
which many elderly people pass toward the end of life. Interventions should be targeted to the frail,
and the evaluation of them should focus on the consequences of frailty. This PhD study provides a
comprehensive overview of the components of frailty within several domains: nutritional, physical,
psychological, social and biochemical. Although consensus on frailty measures remains elusive, this
research describes the most commonly used frailty components and the corresponding indicators in
contemporary publications. These findings can be used to guide the development of a theoretical
framework of frailty in future studies. Clinicians can use these frailty components and their
corresponding indicators to comprehensively identify frail older adults from physical, psychological
and social perspectives to provide holistic care to meet the multidimensional healthcare needs of
this vulnerable population. We used the Survey of Health, Ageing and Retirement in Europe —
Frailty Instrument (SHARE-FI), because it is a simple frailty screening instrument for primary care,
it has sufficient constructand predictive validity, and it is readily and freely accessible via web
calculators. Inadequate nutritional intake is frequent among older people and related to increasing
dependence and care needs. The association between poor nutritional intake and frailty was
demonstrated in numerous recent studies. Not only energy and protein intake has been linked to
frailty and frailty-related parameters. Particularly the role of micronutrients in the developmentof

frailty has been highlighted in recent publications.
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Micronutrient intake has been found to be associated with frailty or related parameters of physical
functioning, sometimes even independent from energy intake. In clinical practice and as part of the
management of aging it should therefore be recommended to use a suitable tool for routine
screening of nutritional risks. Consequently, the goal will be to raise the general dietary intake of
high-quality food to provide sufficiently both macro and micronutrients. We found that adherence
to Mediterranean Diet (MD) components was associated with lower risk of frailty. Although
consumption of fruit, legumes and nuts showed a reduced risk of frailty, we can say that the
association between MD and frailty is mostly due to the global dietary pattern instead of single
foods. In the future, clinical trials should evaluate whether an intervention promoting MD is able to
prevent frailty with its anti-inflammatory effect. There are several potential mechanisms underlying
the association between greater adherence to a Mediterranean diet and lower risk of frailty. One
possibility is the high intake of foods rich in antioxidants. Fruits and vegetables are rich in
carotenoids, vitamins, and polyphenols. Oxidative stress is a risk factor for frailty and fruits and
vegetables may decrease the risk of frailty by counteracting oxidative status. Frail individuals have
higher levels of inflammatory markers, and inflammation is considered to be closely associated with
frailty. A frequent intake of nuts has been associated with decreased levels of IL-6, CRP and
fibrinogen and MD is associated with low levels of inflammatory markers and may reduce frailty
risk through this mechanism. The fact that these beneficial effects are observed in old frail subjects
suggests that it is never too late to change dietary habits for improving health status. Adherence to a
MD pattern has been associated with better cognitive function, lower rates of cognitive decline, and
lower risks of Alzheimer’s disease and dementia. Both frailty and cognitive impairment are very
common among nonagenarians and centenarians. The combined syndrome, and not frailty or
cognitive impairment alone, is a significant risk factor among elderly people. This study evidenced
the association between frailty and cognitive impairment. This topic is very recent and deserves
further research in epidemiological and clinical studies. In addition, the data may support the debate
and the elaboration of public policies focused on frailty syndrome and cognitive impairment, in
order to deal with the demographic growth of the country and the higher life expectancy of the
population. Moreover, it is the first study in which the Short Form Health Survey (SF-36)
questionnaire was used to study the mental and physical health perceived by the same recruited
subject with surprising results associated with frailty syndrome. Based on the results of studies in
the scientific literature, we can also presume that depression mediates the relation between frailty
and cognition, or inflammatory reactions. Because frailty is related to cognitive aging, several

changes in mental abilities occur with increasing age.
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Although experts disagree on the core underlying processes involved, one factor that links many
factors associated with cognitive aging is neuroinflammation. Markers of inflammation are
associated directly with deficits in cognitive function and with diseases that are risk factors for
cognitive decline. Neuroinflammation is also associated with depression and may account for the
complex interaction of depression and cognition in older adults. Interventions that reduce
inflammation may improve cognition. Understanding how neuroinflammation affects cognition may
provide directions for useful interventions to prevent or treat cognitive decline and frailty in older
adults.

58



References

[1] Cohen JE. Human population: the next half century. Science 2003; 302:1172-5.

[2] Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, Seeman T, Tracy
R, Kop WJ, Burke G, McBurnie MA, Cardiovascular Health Study Collaborative Research Group.
Frailty in older adults: evidence for a phenotype. J Gerontol A Biol Sci Med Sci. 2001 Mar;
56(3):M146-56.

[3] Rockwood K, Stadnyk K, MacKnight C, McDowell I, Hébert R, Hogan DB. A brief clinical
instrument to classify frailty in elderly people. Lancet 1999;353(9148):205-6.

[4] Hogan DB, MacKnight C, Bergman H. Models, definitions, and criteria of frailty. Aging Clin
Exp Res 2003;15(3 Suppl):1-29.

[5] Isaacs B, Gunn J, McKechan A, McMillan I, Neville Y. The concept of pre-death. Lancet
1971:1(7709):1115-8.

[6] O'Brien TD, Roberts J, Brackenridge GR, Lloyd WH. Some aspects of community care of the
frail and elderly: the need for assessment. Gerontol Clin (Basel) 1968;10(4):215-27.

[7] Hogan DB, MacKnight C, Bergman H; Steering Committee Canadian Initiative on Frailty and
Aging. Models, definitions, and criteria of frailty. Aging Clin Exp Res 15(3 Suppl):1-29.

[8] Pawlson LG. Hospital length of stay of frail elderly patients. Primary care by general internists
versus geriatricians. J Am Geriatr Soc 1988;36(3):202-8.

[9] MacAdam M, Capitman J, Yee D, Prottas J, Leutz W, Westwater D. Case management for frail
elders: the Robert Wood Johnson Foundation's Program for Hospital Initiatives in Long-Term Care.
Gerontologist 1989;29(6):737-44.

[10] Williams FM, Wynne H, Woodhouse KW, Rawlins MD. Plasma aspirin esterase: the influence
of old age and frailty. Age Ageing 1989;18(1):39-42.

[11] Woodhouse KW, Wynne H, Baillie S, James OF, Rawlins MD. Who are the frail elderly? Q J
Med 1988;68(255):505-6.

[12] Buchner DM, Wagner EH. Preventing frail health. Clin Geriatr Med 1992;8(1):1-17.

[13] Puts MT, Lips P, Deeg DJ, Deeg. Static and dynamic measures of frailty predicted decline in
performance-based and self-reported physical functioning. J Clin Epidemiol 2005;58(11):1188-98.
[14] Steverink N, Slaets JPJ, Schuurmans H, van Lis M. Measuring frailty: developing and testing
the GFI (Groningen Frailty Indicator). Gerontologist 2001;41: 236-237.

[15] Lacas A, Rockwood K. Frailty in primary care: a review of its conceptualization and
implications for practice. BMC Med 2012;10: 4.

59


https://www.ncbi.nlm.nih.gov/pubmed/?term=Fried%20LP%5BAuthor%5D&cauthor=true&cauthor_uid=11253156
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tangen%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=11253156
https://www.ncbi.nlm.nih.gov/pubmed/?term=Walston%20J%5BAuthor%5D&cauthor=true&cauthor_uid=11253156
https://www.ncbi.nlm.nih.gov/pubmed/?term=Newman%20AB%5BAuthor%5D&cauthor=true&cauthor_uid=11253156
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hirsch%20C%5BAuthor%5D&cauthor=true&cauthor_uid=11253156
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gottdiener%20J%5BAuthor%5D&cauthor=true&cauthor_uid=11253156
https://www.ncbi.nlm.nih.gov/pubmed/?term=Seeman%20T%5BAuthor%5D&cauthor=true&cauthor_uid=11253156
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tracy%20R%5BAuthor%5D&cauthor=true&cauthor_uid=11253156
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tracy%20R%5BAuthor%5D&cauthor=true&cauthor_uid=11253156
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tracy%20R%5BAuthor%5D&cauthor=true&cauthor_uid=11253156
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kop%20WJ%5BAuthor%5D&cauthor=true&cauthor_uid=11253156
https://www.ncbi.nlm.nih.gov/pubmed/?term=Burke%20G%5BAuthor%5D&cauthor=true&cauthor_uid=11253156
https://www.ncbi.nlm.nih.gov/pubmed/?term=McBurnie%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=11253156
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cardiovascular%20Health%20Study%20Collaborative%20Research%20Group%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/11253156

[16] de Vries NM, Staal JB, van Ravensberg CD, Hobbelen JS, Olde Rikkert MG, Nijhuis-van der
Sanden MW. Outcome instruments to measure frailty: a systematic review. Ageing Res Rev
2011;10(1):104-14.

[17] Rodriguez-Mafias L, Féart C, Mann G. Searching for an operational definition of frailty: a
Delphi method based consensus statement: the frailty operative definition-consensus conference
project. J Gerontol A Biol Sci Med Sci 2013;68(1):62-7.

[18] Karunananthan S, Wolfson C, Bergman H, Béland F, Hogan DB. A multidisciplinary
systematic literature review on frailty: overview of the methodology used by the Canadian Initiative
on Frailty and Aging. BMC Med Res Methodol2009;9:68.

[19] Collard RM, Boter H, Schoevers RA, Oude Voshaar RC. Prevalence of frailty in community-
dwelling older persons: a systematic review. J Am Geriatr Soc 2012;60(8):1487-92.

[20] Pope A, Tarlov A. Disability in America: Toward a National Agenda for Prevention. Institute
of Medicine (U.S.) Committee on a National Agenda for the Prevention of Disabilities. Washington,
DC: National Academy Press; 1991.

[21] Adams PF, Hendershot GE, Marano MA. Current Estimates from the National Health
Interview Survey, United States, 1996. Vital Health Stat 10. 1999 Oct;(200):1-203.

[22] Fried LP, Ferrucci L, Darer J,4 Williamson JD, Anderson G. Untangling the Concepts of
Disability, Frailty, and Comorbidity: Implications for Improved Targeting and Care. Journal of
Gerontology: medical sciences. 2004; Vol. 59, No. 3, 255-26.

[23] Fried LP, Borhani NO, Enright P, Furberg CD, Gardin JM, Kronmal RA, Kuller LH, Manolio
TA, Mittelmark MB, Newman A, O’Leary DH, Psaty B, Rautaharju P, Tracy RP, Weiler PG. The
Cardiovascular Health Study: design and rationale. Ann Epidemiol. 1991 Feb;1(3):263-76.

[24] Newman AB, Gottdiener JS, Mcburnie MA, Hirsch CH, Kop WJ, Tracy R, Walston JD, Fried
LP; Cardiovascular Health Study Research Group. Associations of subclinical cardiovascular
disease with frailty. J Gerontol Med Sci. 2001;56A:M158-M166.

[25] Walston J, McBurnie MA, Newman A, Tracy RP, Kop WJ, Hirsch CH, Gottdiener J, Fried
LP; Cardiovascular Health Study. Frailty and activation of inflammation and coagulation systems
with and without clinical comorbidities: results from the Cardiovascular Health Study. Arch Intern
Med. 2002;162:2333-2341.

[26] Onder G, Penninx BW, Lapuerta P, Fried LP, Ostir GV, Guralnik JM, Pahor M. Change in
physical performance over time in older women: the Women's Health and Aging Study. J Gerontol
A Biol Sci Med Sci. 2002 May;57(5):M289-93.

60


https://www.ncbi.nlm.nih.gov/pubmed/15782448
https://www.sciencedirect.com/science/article/abs/pii/104727979190005W?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/104727979190005W?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/104727979190005W?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/104727979190005W?via%3Dihub#!
https://www.ncbi.nlm.nih.gov/pubmed/?term=Newman%20AB%5BAuthor%5D&cauthor=true&cauthor_uid=11253157
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gottdiener%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=11253157
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mcburnie%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=11253157
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hirsch%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=11253157
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kop%20WJ%5BAuthor%5D&cauthor=true&cauthor_uid=11253157
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tracy%20R%5BAuthor%5D&cauthor=true&cauthor_uid=11253157
https://www.ncbi.nlm.nih.gov/pubmed/?term=Walston%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=11253157
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fried%20LP%5BAuthor%5D&cauthor=true&cauthor_uid=11253157
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fried%20LP%5BAuthor%5D&cauthor=true&cauthor_uid=11253157
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fried%20LP%5BAuthor%5D&cauthor=true&cauthor_uid=11253157
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cardiovascular%20Health%20Study%20Research%20Group%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Walston%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12418947
https://www.ncbi.nlm.nih.gov/pubmed/?term=McBurnie%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=12418947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Newman%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12418947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tracy%20RP%5BAuthor%5D&cauthor=true&cauthor_uid=12418947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kop%20WJ%5BAuthor%5D&cauthor=true&cauthor_uid=12418947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hirsch%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=12418947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gottdiener%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12418947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fried%20LP%5BAuthor%5D&cauthor=true&cauthor_uid=12418947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fried%20LP%5BAuthor%5D&cauthor=true&cauthor_uid=12418947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fried%20LP%5BAuthor%5D&cauthor=true&cauthor_uid=12418947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cardiovascular%20Health%20Study%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Onder%20G%5BAuthor%5D&cauthor=true&cauthor_uid=11983722
https://www.ncbi.nlm.nih.gov/pubmed/?term=Penninx%20BW%5BAuthor%5D&cauthor=true&cauthor_uid=11983722
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lapuerta%20P%5BAuthor%5D&cauthor=true&cauthor_uid=11983722
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fried%20LP%5BAuthor%5D&cauthor=true&cauthor_uid=11983722
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ostir%20GV%5BAuthor%5D&cauthor=true&cauthor_uid=11983722
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guralnik%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=11983722
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pahor%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11983722
https://www.ncbi.nlm.nih.gov/pubmed/11983722
https://www.ncbi.nlm.nih.gov/pubmed/11983722
https://www.ncbi.nlm.nih.gov/pubmed/11983722

[27] Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, Landi F, Martin FC, Michel
JP, Rolland Y, Schneider SM, Topinkovad E, Vandewoude M, Zamboni M; European Working
Group on Sarcopenia in Older People. Sarcopenia: European consensus on definition and diagnosis:
Report of the European Working Group on Sarcopenia in Older People. Age Ageing. 2010
Jul;39(4):412-23.

[28] Cesari M, Landi F, Vellas B, Bernabei R, Marzetti E. Sarcopenia and physical frailty: two
sides of the same coin. Front Aging Neurosci, 2014;6:192.

[29] Ali S, Garcia JM. Sarcopenia, cachexia and aging: diagnosis, mechanisms and therapeutic
options - a mini-review. Gerontology 2014;60(4):294-305.

[30] Gurina NA, Frolova EV, Degryse JM. A roadmap of aging in Russia: the prevalence of frailty
in community-dwelling older adults in the St. Petersburg district-the "Crystal” study. J Am Geriatr
Soc 2011;59(6):980-8.

[31] Landi F, Calvani R, Cesari M, Tosato M, Martone AM, Bernabei R, Onder G, Marzetti E.
Sarcopenia as the Biological Substrate of Physical Frailty.Clin Geriatr Med. 2015 Aug;31(3):367-
74.

[32] Marzetti E, Calvani R, Landi F, Hoogendijk EO, Fougére B, Vellas B, Pahor M, Bernabei
R, Cesari M; SPRINTT Consortium. Innovative Medicines Initiative: The SPRINTT Project. J
Frailty Aging 2015;4(4):207-208.

[33] Clegg A, Young J, lliffe S, Rikkert MO, Rockwood K. Frailty in elderly people.
Lancet. 2013 Mar 2;381(9868):752-62.

[34] Rockwood K, Song X, MacKnight C, Bergman H, Hogan DB, McDowell I, Mitnitski A. A
global clinical measure of fitness and frailty in elderly people. CMAJ. 2005 Aug 30;173(5):489-495.
[35] Whitbourne SK, Sneed JR, Skultety KM. Identity processes in adulthood: Theoretical and
methodological challenges. Identity: An International Journal of Theory and Research,2002(1), 29-
45.

[36] Lipsitz LA. Dynamic models for the study of frailty. Mech Ageing Dev. 2008
Nov;129(11):675-6.

[37] Strandberg TE, Pitkdlda KH. Frailty in older people. European geriatric medicine December
2011, 2(6):344-355.

[38] Schuurmans H, Steverink N, Lindenberg S, Frieswijk N, Slaets JP. Old or frail: what tells us
more? J Gerontol A Biol Sci Med Sci. 2004 Sep;59(9):M962-5.

[39] Rockwood K, Hogan DB, MacKnight C. Conceptualisation and measurement of frailty in
elderly people. Drugs Aging. 2000 Oct;17(4):295-302.

61


https://www.ncbi.nlm.nih.gov/pubmed/?term=Cruz-Jentoft%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=20392703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Baeyens%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=20392703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bauer%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=20392703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Boirie%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=20392703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cederholm%20T%5BAuthor%5D&cauthor=true&cauthor_uid=20392703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Landi%20F%5BAuthor%5D&cauthor=true&cauthor_uid=20392703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Martin%20FC%5BAuthor%5D&cauthor=true&cauthor_uid=20392703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Michel%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=20392703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Michel%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=20392703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Michel%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=20392703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rolland%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=20392703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schneider%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=20392703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Topinkov%C3%A1%20E%5BAuthor%5D&cauthor=true&cauthor_uid=20392703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vandewoude%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20392703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zamboni%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20392703
https://www.ncbi.nlm.nih.gov/pubmed/?term=European%20Working%20Group%20on%20Sarcopenia%20in%20Older%20People%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=European%20Working%20Group%20on%20Sarcopenia%20in%20Older%20People%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=European%20Working%20Group%20on%20Sarcopenia%20in%20Older%20People%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/20392703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Landi%20F%5BAuthor%5D&cauthor=true&cauthor_uid=26195096
https://www.ncbi.nlm.nih.gov/pubmed/?term=Calvani%20R%5BAuthor%5D&cauthor=true&cauthor_uid=26195096
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cesari%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26195096
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tosato%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26195096
https://www.ncbi.nlm.nih.gov/pubmed/?term=Martone%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=26195096
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bernabei%20R%5BAuthor%5D&cauthor=true&cauthor_uid=26195096
https://www.ncbi.nlm.nih.gov/pubmed/?term=Onder%20G%5BAuthor%5D&cauthor=true&cauthor_uid=26195096
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marzetti%20E%5BAuthor%5D&cauthor=true&cauthor_uid=26195096
https://www.ncbi.nlm.nih.gov/pubmed/26195096
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marzetti%20E%5BAuthor%5D&cauthor=true&cauthor_uid=26693163
https://www.ncbi.nlm.nih.gov/pubmed/?term=Calvani%20R%5BAuthor%5D&cauthor=true&cauthor_uid=26693163
https://www.ncbi.nlm.nih.gov/pubmed/?term=Landi%20F%5BAuthor%5D&cauthor=true&cauthor_uid=26693163
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hoogendijk%20EO%5BAuthor%5D&cauthor=true&cauthor_uid=26693163
https://www.ncbi.nlm.nih.gov/pubmed/?term=Foug%C3%A8re%20B%5BAuthor%5D&cauthor=true&cauthor_uid=26693163
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vellas%20B%5BAuthor%5D&cauthor=true&cauthor_uid=26693163
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pahor%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26693163
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bernabei%20R%5BAuthor%5D&cauthor=true&cauthor_uid=26693163
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bernabei%20R%5BAuthor%5D&cauthor=true&cauthor_uid=26693163
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bernabei%20R%5BAuthor%5D&cauthor=true&cauthor_uid=26693163
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cesari%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26693163
https://www.ncbi.nlm.nih.gov/pubmed/?term=SPRINTT%20Consortium%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Young%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23395245
https://www.ncbi.nlm.nih.gov/pubmed/?term=Iliffe%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23395245
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rikkert%20MO%5BAuthor%5D&cauthor=true&cauthor_uid=23395245
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rockwood%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23395245
https://www.ncbi.nlm.nih.gov/pubmed/23395245
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rockwood%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16129869
https://www.ncbi.nlm.nih.gov/pubmed/?term=Song%20X%5BAuthor%5D&cauthor=true&cauthor_uid=16129869
https://www.ncbi.nlm.nih.gov/pubmed/?term=MacKnight%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16129869
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bergman%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16129869
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hogan%20DB%5BAuthor%5D&cauthor=true&cauthor_uid=16129869
https://www.ncbi.nlm.nih.gov/pubmed/?term=McDowell%20I%5BAuthor%5D&cauthor=true&cauthor_uid=16129869
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mitnitski%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16129869
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1188185/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lipsitz%20LA%5BAuthor%5D&cauthor=true&cauthor_uid=18930754
https://www.ncbi.nlm.nih.gov/pubmed/18930754
https://www.researchgate.net/journal/1878-7657_European_geriatric_medicine
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schuurmans%20H%5BAuthor%5D&cauthor=true&cauthor_uid=15472162
https://www.ncbi.nlm.nih.gov/pubmed/?term=Steverink%20N%5BAuthor%5D&cauthor=true&cauthor_uid=15472162
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lindenberg%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15472162
https://www.ncbi.nlm.nih.gov/pubmed/?term=Frieswijk%20N%5BAuthor%5D&cauthor=true&cauthor_uid=15472162
https://www.ncbi.nlm.nih.gov/pubmed/?term=Slaets%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=15472162
https://www.ncbi.nlm.nih.gov/pubmed/15472162
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rockwood%20K%5BAuthor%5D&cauthor=true&cauthor_uid=11087007
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hogan%20DB%5BAuthor%5D&cauthor=true&cauthor_uid=11087007
https://www.ncbi.nlm.nih.gov/pubmed/?term=MacKnight%20C%5BAuthor%5D&cauthor=true&cauthor_uid=11087007
https://www.ncbi.nlm.nih.gov/pubmed/11087007

[40] Lang PO, Michel JP, Zekry D. Frailty syndrome: a transitional state in a dynamic process.
Gerontology. 2009;55(5):539-49.

[41] Mitnitski A. Frailty in relation to the accumulation of deficits. J Gerontol A Biol Sci Med
Sci. 2007 Jul;62(7):722-7.

[42] Estes CL, Binney EA. The Biomedicalization of Aging: Dangers and Dilemmas. Gerontologist,
Oct 1989; V29 N5 p 587-96.

[43] Kaufman SR. The social construction of frailty: An anthropological perspective. Journal of
Aging Studies, 1994; Volume 8, Issue 1, Pages 45-58.

[44] Gilleard C, Higgs P. Frailty, disability and old age: A re-appraisal. Health 2010; 15(5):475-90.

[45] Grenier A, Hanley J. Older women and Frailty: Aged, Gendered and Embodied Resistance.
Current Sociology, 2007; Vol 55, Issue 2.

[46] Puts MT, Monette  J, Girre  V, Wolfson C, Monette M, Batist G, Bergman H.
Does frailty predict hospitalization, emergency department visits, and visits to the general
practitioner in older newly-diagnosed cancer patients? Results of a prospective pilot study. Crit Rev
Oncol Hematol. 2010 Nov;76(2):142-51.

[47] Grenier A. The distinction between being and feeling frail: exploring emotional experiences in
health and social care. Journal of Social Work Practise, 2007; Vol 20 Issue 3, Pages 299-313.

[48] Rodriguez-Mafias L, Féart C, Mann G, Vifia J, Chatterji S, Chodzko-Zajko W, Gonzalez-
Colaco Harmand M, Bergman H, Carcaillon L, Nicholson C, Scuteri A, Sinclair A, Pelaez M, Van
der Cammen T, Beland F, Bickenbach J, Delamarche P, Ferrucci L, Fried LP, Gutiérrez-Robledo
LM, Rockwood K, Rodriguez Artalejo F, Serviddio G, Vega E; FOD-CC group. Searching for an
operational definition of frailty: a Delphi method based consensus statement: the frailty operative
definition-consensus conference project. J Gerontol A Biol Sci Med Sci. 2013 Jan;68(1):62-7.

[49] Abellan van Kan G, Rolland YM, Morley JE, Vellas B. Frailty: toward a clinical definition.J
Am Med Dir Assoc. 2008 Feb;9(2):71-2.

[50] Mitnitski AB, Mogilner AJ, Rockwood K. Accumulation of deficits as a proxy measure of
aging. ScientificWorldJournal. 2001 Aug 8;1:323-36.

[51] Syddall H, Roberts HC, Evandrou M, Cooper C, Bergman H, Aihie Sayer A. Prevalence and
correlates of frailty among community-dwelling older men and women. Age Ageing.
2010;39(2):197-203.

[52] Berkman LF, Glass T, Brissette I, Seeman TE. From social integration to health: Durkheim in
the new millennium. Soc Sci Med. 2000;51(6):843-57.

[53] Andrew MK, Mitnitski AB, Rockwood K. Social vulnerability, frailty and mortality in elderly
people. PL0S One. 2008;3(5):2232.

62


https://www.ncbi.nlm.nih.gov/pubmed/?term=Lang%20PO%5BAuthor%5D&cauthor=true&cauthor_uid=19346741
https://www.ncbi.nlm.nih.gov/pubmed/?term=Michel%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=19346741
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zekry%20D%5BAuthor%5D&cauthor=true&cauthor_uid=19346741
https://www.ncbi.nlm.nih.gov/pubmed/19346741
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mitnitski%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17634318
https://www.ncbi.nlm.nih.gov/pubmed/17634318
https://www.ncbi.nlm.nih.gov/pubmed/17634318
https://www.sciencedirect.com/science/journal/08904065
https://www.sciencedirect.com/science/journal/08904065
https://www.sciencedirect.com/science/journal/08904065
https://www.sciencedirect.com/science/journal/08904065/8/1
https://www.researchgate.net/journal/1461-7196_Health
https://journals.sagepub.com/toc/csia/55/2
https://www.ncbi.nlm.nih.gov/pubmed/?term=Puts%20MT%5BAuthor%5D&cauthor=true&cauthor_uid=19939699
https://www.ncbi.nlm.nih.gov/pubmed/?term=Monette%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19939699
https://www.ncbi.nlm.nih.gov/pubmed/?term=Girre%20V%5BAuthor%5D&cauthor=true&cauthor_uid=19939699
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wolfson%20C%5BAuthor%5D&cauthor=true&cauthor_uid=19939699
https://www.ncbi.nlm.nih.gov/pubmed/?term=Monette%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19939699
https://www.ncbi.nlm.nih.gov/pubmed/?term=Batist%20G%5BAuthor%5D&cauthor=true&cauthor_uid=19939699
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bergman%20H%5BAuthor%5D&cauthor=true&cauthor_uid=19939699
https://www.ncbi.nlm.nih.gov/pubmed/19939699
https://www.ncbi.nlm.nih.gov/pubmed/19939699
https://www.ncbi.nlm.nih.gov/pubmed/19939699
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rodr%C3%ADguez-Ma%C3%B1as%20L%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=F%C3%A9art%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mann%20G%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vi%C3%B1a%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chatterji%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chodzko-Zajko%20W%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gonzalez-Cola%C3%A7o%20Harmand%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gonzalez-Cola%C3%A7o%20Harmand%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bergman%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carcaillon%20L%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nicholson%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Scuteri%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sinclair%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pelaez%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20der%20Cammen%20T%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20der%20Cammen%20T%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20der%20Cammen%20T%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Beland%20F%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bickenbach%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Delamarche%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferrucci%20L%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fried%20LP%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guti%C3%A9rrez-Robledo%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guti%C3%A9rrez-Robledo%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rockwood%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rodr%C3%ADguez%20Artalejo%20F%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Serviddio%20G%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vega%20E%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=FOD-CC%20group%20(Appendix%201)%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abellan%20van%20Kan%20G%5BAuthor%5D&cauthor=true&cauthor_uid=18261696
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rolland%20YM%5BAuthor%5D&cauthor=true&cauthor_uid=18261696
https://www.ncbi.nlm.nih.gov/pubmed/?term=Morley%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=18261696
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vellas%20B%5BAuthor%5D&cauthor=true&cauthor_uid=18261696
https://www.ncbi.nlm.nih.gov/pubmed/18261696
https://www.ncbi.nlm.nih.gov/pubmed/18261696
https://www.ncbi.nlm.nih.gov/pubmed/18261696
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mitnitski%20AB%5BAuthor%5D&cauthor=true&cauthor_uid=12806071
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mogilner%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=12806071
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rockwood%20K%5BAuthor%5D&cauthor=true&cauthor_uid=12806071
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mitnitski%2C+Mogilner%2C+%26+Rockwood%2C+2001

[54] Woodhouse KW, Wynne H, Baillie S, James OF, Rawlins MD. Who are the frail elderly? Q J
Med. 1988;68(255):505-6.

[55] Gobbens RJ, Schols JM, van Assen MA, Exploring the efficiency of the Tilburg Frailty
Indicator: a review. Clin Interv Aging. 2017 Oct 19;12:1739-1752.

[56] Lang IA, Llewellyn DJ, Langa KM, Wallace RB, Huppert FA, Melzer D. Neighborhood
deprivation, individual socioeconomic status, and cognitive function in older people: analyses from
the English Longitudinal Study of Ageing. J Am Geriatr Soc. 2008;56(2):191-8.

[57] Davey Smith G, Hart C, Hole D, MacKinnon P, Gillis C, Watt G, Blane D, Hawthorne V.
Education and occupational social class: which is the more important indicator of mortality risk? J
Epidemiol Community Health. 1998;52(3):153-60.

[58] Campbell SE, Seymour DG, Primrose WR, Lynch JE, Dunstan E, Espallargues M, Lamura G,
Lawson P, Philp I, Mestheneos E, Politynska B, Raiha I. A multi-centre European study of factors
affecting the discharge destination of older people admitted to hospital: analysis of in hospital data
from the ACMEplus project. Age Ageing. 2005;34(5):467- 75.

[59] Boyle PA, Buchman AS, Wilson RS, Leurgans SE, Bennett DA. Physical frailty is associated
with incident mild cognitive impairment in community-based older persons. J Am Geriatr Soc.
2010; 58(2):248-55.

[60] Buchman AS, Boyle PA, Wilson RS, Tang Y, Bennett DA. Frailty is associated with incident
Alzheimer’s disease and cognitive decline in the elderly. Psychosom Med. 2007; 69(5):483-9.

[61] Lang IA, Hubbard RE, Andrew MK, Llewellyn DJ, Melzer D, Rockwood K. Neighborhood
deprivation, individual socioeconomic status, and frailty in older adults. J Am Geriatr Soc.
2009;57(10):1776-80.

[62] McGowan PO, Szyf M. Environmental epigenomics: understanding the effects of parental care
on the epigenome. Essays Biochem. 2010;48(1):275-87.

[63] Kahn A, Fraga MF. Epigenetics and aging: status, challenges, and needs for the future. J
Gerontol A Biol Sci Med Sci. 2009;64(2):195-8.

[64] Calvanese V, Lara E, Kahn A, Fraga MF. The role of epigenetics in aging and age-related
diseases. Ageing Res Rev. 2009;8(4):268-76.

[65] Roth TL, Roth ED, Sweatt JD. Epigenetic regulation of genes in learning and memory. Essays
Biochem. 2010;48(1):263-74.

[66] Graff J, Mansuy IM. Epigenetic dysregulation in cognitive disorders. Eur J Neurosci.
2009;30(1):1-8.

[67] Mitnitski A, Song X, Rockwood K. Assessing biological aging: the origin of deficit
accumulation. Biogerontology. 2013; 14:709-717.

63



[68] McKeown T. The Role of Medicine: Dream, Mirage or Nemesis?. Oxford, UK: Basil
Blackwell; 1979.

[69] Wurfel MM. Genetic insights into sepsis: what have we learned and how will it help? Curr
Pharm Des. 2008;14:1900-1911.

[70] Pearson-Fuhrhop KM, Burke E, Cramer SC. The influence of genetic factors on brain plasticity
and recovery after neural injury. CurrOpin Neurol. 2012;25:682-688.

[71] Bishop NA, Lu T, Yankner BA. Neural mechanisms of ageing and cognitive decline. Nature.
2010;464(7288):529-35.

[72] Hoogendijk EO, Afilalo J, Ensrud KE, Kowal P, Onder G, Fried LP. Frailty: implications for
clinical practice and public health. Lancet. 2019 Oct 12;394(10206):1365-1375.

[73] Dent E,Martin FC,Bergman H,Woo J, Romero-Ortuno R, Walston JD.
Management of frailty: opportunities, challenges and future directions. Lancet 2019 Oct;
394(10206):1376-1386.

[74] Yannakoulia M, Ntanasi E, Anastasiou CA, Scarmeas N. Frailty and nutrition: From
epidemiological and clinical evidence to potential mechanisms. Metabolism. 2017;68:64-76.

[75] Bollwein J, Volkert D, Diekmann R, Kaiser MJ, Uter W, Vidal K, Sieber CC, Bauer JM.
Nutritional status according to the mini nutritional assessment (MNA(R)) and frailty in community
dwelling older persons: a close relationship. J Nutr Health Aging 2013, 17(4):351-356.

[76] Lorenzo-Lopez L, Maseda A, de Labra C, Regueiro-Folgueira L, Rodriguez-Villamil JL,
Millan-Calenti JC. Nutritional determinants of frailty in older adults: A systematic review. BMC
Geriatr 2017, 17(1):108.

[77] Verlaan S, Ligthart-Melis GC, Wijers SLJ, Cederholm T, Maier AB, de van der Schueren
MAE. High Prevalence of Physical Frailty Among Community-Dwelling Malnourished Older
Adults-A Systematic Review and Meta-Analysis. Journal of the American Medical Directors
Association 2017, 18(5):374-382.

[78] Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyére O, Cederholm T, Cooper C, Landi
F, Rolland Y, Sayer AA, Schneider SM, Sieber CC, Topinkova E, Vandewoude M, Visser
M, Zamboni M; Writing Group for the European Working Group on Sarcopenia in Older People 2
(EWGSOP2), and the Extended Group for EWGSOP2. Sarcopenia: revised European consensus on
definition and diagnosis. Age Ageing. 2019 Jan 1;48(1):16-31.

[79] Yannakoulia M, Ntanasi E, Anastasiou CA, Scarmeas N: Frailty and nutrition: From

epidemiological and clinical evidence to potential mechanisms. Metabolism 2017, 68:64-76.

64


https://www.ncbi.nlm.nih.gov/pubmed/?term=Hoogendijk%20EO%5BAuthor%5D&cauthor=true&cauthor_uid=31609228
https://www.ncbi.nlm.nih.gov/pubmed/?term=Afilalo%20J%5BAuthor%5D&cauthor=true&cauthor_uid=31609228
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ensrud%20KE%5BAuthor%5D&cauthor=true&cauthor_uid=31609228
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kowal%20P%5BAuthor%5D&cauthor=true&cauthor_uid=31609228
https://www.ncbi.nlm.nih.gov/pubmed/?term=Onder%20G%5BAuthor%5D&cauthor=true&cauthor_uid=31609228
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fried%20LP%5BAuthor%5D&cauthor=true&cauthor_uid=31609228
https://www.ncbi.nlm.nih.gov/pubmed/31609228
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dent%20E%5BAuthor%5D&cauthor=true&cauthor_uid=31609229
https://www.ncbi.nlm.nih.gov/pubmed/?term=Martin%20FC%5BAuthor%5D&cauthor=true&cauthor_uid=31609229
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bergman%20H%5BAuthor%5D&cauthor=true&cauthor_uid=31609229
https://www.ncbi.nlm.nih.gov/pubmed/?term=Woo%20J%5BAuthor%5D&cauthor=true&cauthor_uid=31609229
https://www.ncbi.nlm.nih.gov/pubmed/?term=Romero-Ortuno%20R%5BAuthor%5D&cauthor=true&cauthor_uid=31609229
https://www.ncbi.nlm.nih.gov/pubmed/?term=Walston%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=31609229
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cruz-Jentoft%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=30312372
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bahat%20G%5BAuthor%5D&cauthor=true&cauthor_uid=30312372
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bauer%20J%5BAuthor%5D&cauthor=true&cauthor_uid=30312372
https://www.ncbi.nlm.nih.gov/pubmed/?term=Boirie%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=30312372
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bruy%C3%A8re%20O%5BAuthor%5D&cauthor=true&cauthor_uid=30312372
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cederholm%20T%5BAuthor%5D&cauthor=true&cauthor_uid=30312372
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cooper%20C%5BAuthor%5D&cauthor=true&cauthor_uid=30312372
https://www.ncbi.nlm.nih.gov/pubmed/?term=Landi%20F%5BAuthor%5D&cauthor=true&cauthor_uid=30312372
https://www.ncbi.nlm.nih.gov/pubmed/?term=Landi%20F%5BAuthor%5D&cauthor=true&cauthor_uid=30312372
https://www.ncbi.nlm.nih.gov/pubmed/?term=Landi%20F%5BAuthor%5D&cauthor=true&cauthor_uid=30312372
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rolland%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=30312372
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sayer%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=30312372
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schneider%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=30312372
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sieber%20CC%5BAuthor%5D&cauthor=true&cauthor_uid=30312372
https://www.ncbi.nlm.nih.gov/pubmed/?term=Topinkova%20E%5BAuthor%5D&cauthor=true&cauthor_uid=30312372
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vandewoude%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30312372
https://www.ncbi.nlm.nih.gov/pubmed/?term=Visser%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30312372
https://www.ncbi.nlm.nih.gov/pubmed/?term=Visser%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30312372
https://www.ncbi.nlm.nih.gov/pubmed/?term=Visser%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30312372
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zamboni%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30312372
https://www.ncbi.nlm.nih.gov/pubmed/?term=Writing%20Group%20for%20the%20European%20Working%20Group%20on%20Sarcopenia%20in%20Older%20People%202%20(EWGSOP2)%2C%20and%20the%20Extended%20Group%20for%20EWGSOP2%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Writing%20Group%20for%20the%20European%20Working%20Group%20on%20Sarcopenia%20in%20Older%20People%202%20(EWGSOP2)%2C%20and%20the%20Extended%20Group%20for%20EWGSOP2%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Writing%20Group%20for%20the%20European%20Working%20Group%20on%20Sarcopenia%20in%20Older%20People%202%20(EWGSOP2)%2C%20and%20the%20Extended%20Group%20for%20EWGSOP2%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/30312372

[80] Bollwein J, Diekmann R, Kaiser MJ, Bauer JM, Uter W, Sieber CC, Volkert D: Distribution
but not amount of protein intake is associated with frailty: a cross-sectional investigation in the
region of Nurnberg. Nutr J 2013, 12:109. 15

[81] Dorner TE, Luger E, Tschinderle J, Stein KV, Haider S, Kapan A, Lackinger C, Schindler KE.
Association between Nutritional Status (MNA®-SF) and Frailty (SHARE-FI) in Acute Hospitalised
Elderly Patients. J Nutr Health Aging. 2014;18(3):264-9.

[82] Martinez-Reig M, Gomez-Arnedo L, Alfonso-Silguero SA, Juncos-Martinez G, Romero L,
Abizanda P. Nutritional Risk, Nutritional Status and Incident Disability in Older Adults. The
FRADEA Study. J Nutr Health Aging. 2014;18(3):270-6.

[83] Martone AM, Onder G, Vetrano DL, Ortolani E, Tosato M, Marzetti E, Landi F. Anorexia of
aging: a modifiable risk factor for frailty. Nutrients. 2013;5(10):4126-33.

[84] Inzitari M, Doets E, Bartali B, Benetou V, Di Bari M, Visser M, Volpato S, Gambassi
G, Topinkova E, De Groot L, Salva A; International Association Of Gerontology And Geriatrics
(IAGG) Task Force For Nutrition In The Elderly. Nutrition in the age-related disablement process. J
Nutr Health Aging. 2011;15(8):599-604.

[85] Donini LM, De Felice MR, Savina C, Coletti C, Paolini M, Laviano A, Scavone L, Neri
B, Cannella C. Predicting the outcome of long-term care by clinical and functional indices: the role
of nutritional status. J Nutr Health Aging. 2011;15(7):586-92.

[86] Nieuwenhuizen WF, Weenen H, Rigby P, Hetherington MM. Older adults and patients in need
of nutritional support: review of current treatment options and factors influencing nutritional intake.
Clin Nutr. 2010;29(2):160-9.

[87] Gaillard C, Alix E, Sallé A, Berrut G, Ritz P. Energy requirements in frail elderly people: a
review of the literature. Clin Nutr. 2007;26(1):16-24.

[88] Vellas BJ, Hunt WC, Romero LJ, Koehler KM, Baumgartner RN, Garry PJ. Changes in
nutritional status and patterns of morbidity among free-living elderly persons: a 10-year
longitudinal study. Nutrition. 1997;13(6):515-9.

[89] Kobayashi S, Asakura K, Suga H, Sasaki S, Three-generation Study of Women on D, Health
Study G. High protein intake is associated with low prevalence of frailty among old Japanese
women: a multicenter cross-sectional study. Nutr J 2013, 12:164.

[90] Rolland Y, Czerwinski S, Abellan Van Kan G, Morley JE, Cesari M, Onder G, Woo
J, Baumgartner R, Pillard F, Boirie Y, Chumlea WM, Vellas B. Sarcopenia: its assessment, etiology,

pathogenesis, consequences and future perspectives. J Nutr Health Aging. 2008;12(7):433-50.

65


https://www.ncbi.nlm.nih.gov/pubmed/?term=Dorner%20TE%5BAuthor%5D&cauthor=true&cauthor_uid=24626753
https://www.ncbi.nlm.nih.gov/pubmed/?term=Luger%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24626753
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tschinderle%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24626753
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stein%20KV%5BAuthor%5D&cauthor=true&cauthor_uid=24626753
https://www.ncbi.nlm.nih.gov/pubmed/?term=Haider%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24626753
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kapan%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24626753
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lackinger%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24626753
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schindler%20KE%5BAuthor%5D&cauthor=true&cauthor_uid=24626753
https://www.ncbi.nlm.nih.gov/pubmed/?term=Martone%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=24128975
https://www.ncbi.nlm.nih.gov/pubmed/?term=Onder%20G%5BAuthor%5D&cauthor=true&cauthor_uid=24128975
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vetrano%20DL%5BAuthor%5D&cauthor=true&cauthor_uid=24128975
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ortolani%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24128975
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tosato%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24128975
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marzetti%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24128975
https://www.ncbi.nlm.nih.gov/pubmed/?term=Landi%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24128975
https://www.ncbi.nlm.nih.gov/pubmed/?term=Inzitari%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21968852
https://www.ncbi.nlm.nih.gov/pubmed/?term=Doets%20E%5BAuthor%5D&cauthor=true&cauthor_uid=21968852
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bartali%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21968852
https://www.ncbi.nlm.nih.gov/pubmed/?term=Benetou%20V%5BAuthor%5D&cauthor=true&cauthor_uid=21968852
https://www.ncbi.nlm.nih.gov/pubmed/?term=Di%20Bari%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21968852
https://www.ncbi.nlm.nih.gov/pubmed/?term=Visser%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21968852
https://www.ncbi.nlm.nih.gov/pubmed/?term=Volpato%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21968852
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gambassi%20G%5BAuthor%5D&cauthor=true&cauthor_uid=21968852
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gambassi%20G%5BAuthor%5D&cauthor=true&cauthor_uid=21968852
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gambassi%20G%5BAuthor%5D&cauthor=true&cauthor_uid=21968852
https://www.ncbi.nlm.nih.gov/pubmed/?term=Topinkova%20E%5BAuthor%5D&cauthor=true&cauthor_uid=21968852
https://www.ncbi.nlm.nih.gov/pubmed/?term=De%20Groot%20L%5BAuthor%5D&cauthor=true&cauthor_uid=21968852
https://www.ncbi.nlm.nih.gov/pubmed/?term=Salva%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21968852
https://www.ncbi.nlm.nih.gov/pubmed/?term=International%20Association%20Of%20Gerontology%20And%20Geriatrics%20(IAGG)%20Task%20Force%20For%20Nutrition%20In%20The%20Elderly%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=International%20Association%20Of%20Gerontology%20And%20Geriatrics%20(IAGG)%20Task%20Force%20For%20Nutrition%20In%20The%20Elderly%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=International%20Association%20Of%20Gerontology%20And%20Geriatrics%20(IAGG)%20Task%20Force%20For%20Nutrition%20In%20The%20Elderly%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Donini%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=21808937
https://www.ncbi.nlm.nih.gov/pubmed/?term=De%20Felice%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=21808937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Savina%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21808937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Coletti%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21808937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Paolini%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21808937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Laviano%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21808937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Scavone%20L%5BAuthor%5D&cauthor=true&cauthor_uid=21808937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Neri%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21808937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Neri%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21808937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Neri%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21808937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cannella%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21808937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rolland%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=18615225
https://www.ncbi.nlm.nih.gov/pubmed/?term=Czerwinski%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18615225
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abellan%20Van%20Kan%20G%5BAuthor%5D&cauthor=true&cauthor_uid=18615225
https://www.ncbi.nlm.nih.gov/pubmed/?term=Morley%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=18615225
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cesari%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18615225
https://www.ncbi.nlm.nih.gov/pubmed/?term=Onder%20G%5BAuthor%5D&cauthor=true&cauthor_uid=18615225
https://www.ncbi.nlm.nih.gov/pubmed/?term=Woo%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18615225
https://www.ncbi.nlm.nih.gov/pubmed/?term=Woo%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18615225
https://www.ncbi.nlm.nih.gov/pubmed/?term=Woo%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18615225
https://www.ncbi.nlm.nih.gov/pubmed/?term=Baumgartner%20R%5BAuthor%5D&cauthor=true&cauthor_uid=18615225
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pillard%20F%5BAuthor%5D&cauthor=true&cauthor_uid=18615225
https://www.ncbi.nlm.nih.gov/pubmed/?term=Boirie%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=18615225
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chumlea%20WM%5BAuthor%5D&cauthor=true&cauthor_uid=18615225
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vellas%20B%5BAuthor%5D&cauthor=true&cauthor_uid=18615225

[91] Houston DK, Nicklas BJ, Ding J, Harris TB, Tylavsky FA, Newman AB, Lee JS, Sahyoun
NR, Visser M, Kritchevsky SB; Health ABC Study. Dietary protein intake is associated with lean
mass change in older, community-dwelling adults: the Health, Aging, and Body Composition
(Health ABC) Study. Am J Clin Nutr. 2008;87(1):150-5.

[92] Volpi E, Kobayashi H, Sheffield-Moore M, Mittendorfer B, Wolfe RR. Essential amino acids
are primarily responsible for the amino acid stimulation of muscle protein anabolism in healthy
elderly adults. Am J Clin Nutr. 2003;78(2):250-8.

[93] Paddon-Jones D, Sheffield-Moore M, Zhang XJ, Volpi E, Wolf SE, Aarsland A, Ferrando
AA, Wolfe RR. Amino acid ingestion improves muscle protein synthesis in the young and elderly.
Am J Physiol Endocrinol Metab. 2004;286(3):E321-328.

[94] Rand WM, Pellett PL, Young VR. Meta-analysis of nitrogen balance studies for estimating
protein requirements in healthy adults. Am J Clin Nutr. 2003;77(1):109-J Nutr Health Aging

[95] Joint WHO/FAO/UNU Expert Consultation. Protein and amino acid requirements in human
nutrition. World Health Organ Tech Rep Ser. 2007;(935):1-265, back cover.

[96] Gaffney-Stomberg E, Insogna KL, Rodriguez NR, Kerstetter JE. Increasing dietary protein
requirements in elderly people for optimal muscle and bone health. J Am Geriatr Soc.
2009;57(6):1073-9.

[97] Volpi E, Campbell WW, Dwyer JT, Johnson MA, Jensen GL, Morley JE, Wolfe RR. Is the
optimal level of protein intake for older adults greater than the recommended dietary allowance? J
Gerontol A Biol Sci Med Sci. 2013;68(6):677-81.

[98] Roubenoff R. Sarcopenia: a major modifiable cause of frailty in the elderly. J Nutr Health
Aging. 2000;4(3):140-2.

[99] Campbell WW, Johnson CA, McCabe GP, Carnell NS. Dietary protein requirements of
younger and older adults. Am J Clin Nutr. 2008;88(5):1322-9.

[100] Thalacker-Mercer AE, Fleet JC, Craig BA, Carnell NS, Campbell WW. Inadequate protein
intake affects skeletal muscle transcript profiles in older humans. Am J Clin Nutr.
2007;85(5):1344-52.

[101] Beasley JM, LaCroix AZ, Neuhouser ML, Huang Y, Tinker L, Woods N, Michael Y, Curb
JD, Prentice RL. Protein intake and incident frailty in the Women’s Health Initiative observational
study. J Am Geriatr Soc. 2010;58(6):1063—71.

[102] Cermak NM, Res PT, de Groot LCPGM, Saris WHM, van Loon LJC. Protein
supplementation augments the adaptive response of skeletal muscle to resistance-type exercise
training: a meta-analysis. Am J Clin Nutr. 2012;96(6):1454-64.

66


https://www.ncbi.nlm.nih.gov/pubmed/?term=Houston%20DK%5BAuthor%5D&cauthor=true&cauthor_uid=18175749
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nicklas%20BJ%5BAuthor%5D&cauthor=true&cauthor_uid=18175749
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ding%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18175749
https://www.ncbi.nlm.nih.gov/pubmed/?term=Harris%20TB%5BAuthor%5D&cauthor=true&cauthor_uid=18175749
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tylavsky%20FA%5BAuthor%5D&cauthor=true&cauthor_uid=18175749
https://www.ncbi.nlm.nih.gov/pubmed/?term=Newman%20AB%5BAuthor%5D&cauthor=true&cauthor_uid=18175749
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=18175749
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sahyoun%20NR%5BAuthor%5D&cauthor=true&cauthor_uid=18175749
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sahyoun%20NR%5BAuthor%5D&cauthor=true&cauthor_uid=18175749
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sahyoun%20NR%5BAuthor%5D&cauthor=true&cauthor_uid=18175749
https://www.ncbi.nlm.nih.gov/pubmed/?term=Visser%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18175749
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kritchevsky%20SB%5BAuthor%5D&cauthor=true&cauthor_uid=18175749
https://www.ncbi.nlm.nih.gov/pubmed/?term=Health%20ABC%20Study%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Paddon-Jones%20D%5BAuthor%5D&cauthor=true&cauthor_uid=14583440
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sheffield-Moore%20M%5BAuthor%5D&cauthor=true&cauthor_uid=14583440
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20XJ%5BAuthor%5D&cauthor=true&cauthor_uid=14583440
https://www.ncbi.nlm.nih.gov/pubmed/?term=Volpi%20E%5BAuthor%5D&cauthor=true&cauthor_uid=14583440
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wolf%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=14583440
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aarsland%20A%5BAuthor%5D&cauthor=true&cauthor_uid=14583440
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferrando%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=14583440
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferrando%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=14583440
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferrando%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=14583440
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wolfe%20RR%5BAuthor%5D&cauthor=true&cauthor_uid=14583440
https://www.ncbi.nlm.nih.gov/pubmed/?term=Volpi%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23183903
https://www.ncbi.nlm.nih.gov/pubmed/?term=Campbell%20WW%5BAuthor%5D&cauthor=true&cauthor_uid=23183903
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dwyer%20JT%5BAuthor%5D&cauthor=true&cauthor_uid=23183903
https://www.ncbi.nlm.nih.gov/pubmed/?term=Johnson%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=23183903
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jensen%20GL%5BAuthor%5D&cauthor=true&cauthor_uid=23183903
https://www.ncbi.nlm.nih.gov/pubmed/?term=Morley%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=23183903
https://www.ncbi.nlm.nih.gov/pubmed/?term=Beasley%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=20487071
https://www.ncbi.nlm.nih.gov/pubmed/?term=LaCroix%20AZ%5BAuthor%5D&cauthor=true&cauthor_uid=20487071
https://www.ncbi.nlm.nih.gov/pubmed/?term=Neuhouser%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=20487071
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=20487071
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tinker%20L%5BAuthor%5D&cauthor=true&cauthor_uid=20487071
https://www.ncbi.nlm.nih.gov/pubmed/?term=Woods%20N%5BAuthor%5D&cauthor=true&cauthor_uid=20487071
https://www.ncbi.nlm.nih.gov/pubmed/?term=Michael%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=20487071
https://www.ncbi.nlm.nih.gov/pubmed/?term=Curb%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=20487071
https://www.ncbi.nlm.nih.gov/pubmed/?term=Curb%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=20487071
https://www.ncbi.nlm.nih.gov/pubmed/?term=Curb%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=20487071
https://www.ncbi.nlm.nih.gov/pubmed/?term=Prentice%20RL%5BAuthor%5D&cauthor=true&cauthor_uid=20487071

[103] Paddon-Jones D, Rasmussen BB. Dietary protein recommendations and the prevention of
sarcopenia. Curr Opin Clin Nutr Metab Care. 2009;12(1):86-90.

[104] Bauer J, Biolo G, Cederholm T, Cesari M, Cruz-Jentoft AJ, Morley JE, Phillips S, Sieber
C, Stehle P, Teta D, Visvanathan R, Volpi E, Boirie Y. Evidence-based recommendations for
optimal dietary protein intake in older people: a position paper from the PROT-AGE Study Group. J
Am Med Dir Assoc. 2013;14(8):542-59.

[105] Tieland M, Borgonjen-Van den Berg KJ, van Loon LJC, de Groot LCPGM. Dietary protein
intake in community-dwelling, frail, and institutionalized elderly people: scope for improvement.
Eur J Nutr. 2012;51(2):173-9.

[106] Houston DK, Neiberg RH, Tooze JA, Hausman DB, Johnson MA, Cauley JA, Bauer DC,
Shea MK, Schwartz GG, Williamson JD, Harris TB, Kritchevsky SB; Health ABC Study. Low 25-
hydroxyvitamin D predicts the onset of mobility limitation and disability in community-dwelling
older adults: the Health ABC Study. J Gerontol A Biol Sci Med Sci. 2013;68(2):181-7.

[107] Wilhelm-Leen ER, Hall YN, Deboer IH, Chertow GM. Vitamin D deficiency and frailty in
older Americans. J Intern Med. 2010;268(2):171-80.

[108] Ensrud KE, Ewing SK, Fredman L, Hochberg MC, Cauley JA, Hillier TA, Cummings
SR, Yaffe K, Cawthon PM; Study of Osteoporotic Fractures Research Group. Circulating 25-
hydroxyvitamin D levels and frailty status in older women. J Clin Endocrinol Metab.
2010;95(12):5266-73.

[109] Shardell M, D'Adamo C, Alley DE, Miller RR, Hicks GE, Milaneschi Y, Semba
RD, Cherubini A, Bandinelli S, Ferrucci L. Serum 25-hydroxyvitamin D, transitions between frailty
states, and mortality in older adults: the Invecchiare in Chianti Study. J Am Geriatr Soc.
2012;60(2):256-64.

[110] Houston DK, Tooze JA, Davis CC, Chaves PH, Hirsch CH, Robbins JA, Arnold AM,
Newman AB, Kritchevsky SB. Serum 25-hydroxyvitamin D and physical function in older adults:
the Cardiovascular Health Study All Stars. J Am Geriatr Soc. 2011;59(10):1793-801.

[111] Prietl B, Treiber G, Pieber TR, Amrein K. Vitamin D and immune function. Nutrients.
2013;5(7):2502-21.

[112] Rodacki CL, Rodacki AL, Pereira G, Naliwaiko K, Coelho I, Pequito D, Fernandes LC.Fish-
oil supplementation enhances the effects of strength training in elderly women. Am J Clin Nutr.
2012;95(2):428-36.

[113] Takayama M, Arai Y, Sasaki S, Hashimoto M, Shimizu K, Abe Y, Hirose N. Association of
marine-origin n-3 polyunsaturated fatty acids consumption and functional mobility in the
community-dwelling oldest old. J Nutr Health Aging. 2013;17(1):82-9.

67


https://www.ncbi.nlm.nih.gov/pubmed/?term=Bauer%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23867520
https://www.ncbi.nlm.nih.gov/pubmed/?term=Biolo%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23867520
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cederholm%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23867520
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cesari%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23867520
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cruz-Jentoft%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=23867520
https://www.ncbi.nlm.nih.gov/pubmed/?term=Morley%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=23867520
https://www.ncbi.nlm.nih.gov/pubmed/?term=Phillips%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23867520
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sieber%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23867520
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sieber%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23867520
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sieber%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23867520
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stehle%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23867520
https://www.ncbi.nlm.nih.gov/pubmed/?term=Teta%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23867520
https://www.ncbi.nlm.nih.gov/pubmed/?term=Visvanathan%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23867520
https://www.ncbi.nlm.nih.gov/pubmed/?term=Volpi%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23867520
https://www.ncbi.nlm.nih.gov/pubmed/?term=Boirie%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23867520
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ensrud%20KE%5BAuthor%5D&cauthor=true&cauthor_uid=21131545
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ewing%20SK%5BAuthor%5D&cauthor=true&cauthor_uid=21131545
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fredman%20L%5BAuthor%5D&cauthor=true&cauthor_uid=21131545
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hochberg%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=21131545
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cauley%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=21131545
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hillier%20TA%5BAuthor%5D&cauthor=true&cauthor_uid=21131545
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cummings%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=21131545
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cummings%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=21131545
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cummings%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=21131545
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yaffe%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21131545
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cawthon%20PM%5BAuthor%5D&cauthor=true&cauthor_uid=21131545
https://www.ncbi.nlm.nih.gov/pubmed/?term=Study%20of%20Osteoporotic%20Fractures%20Research%20Group%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shardell%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22283177
https://www.ncbi.nlm.nih.gov/pubmed/?term=D%27Adamo%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22283177
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alley%20DE%5BAuthor%5D&cauthor=true&cauthor_uid=22283177
https://www.ncbi.nlm.nih.gov/pubmed/?term=Miller%20RR%5BAuthor%5D&cauthor=true&cauthor_uid=22283177
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hicks%20GE%5BAuthor%5D&cauthor=true&cauthor_uid=22283177
https://www.ncbi.nlm.nih.gov/pubmed/?term=Milaneschi%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=22283177
https://www.ncbi.nlm.nih.gov/pubmed/?term=Semba%20RD%5BAuthor%5D&cauthor=true&cauthor_uid=22283177
https://www.ncbi.nlm.nih.gov/pubmed/?term=Semba%20RD%5BAuthor%5D&cauthor=true&cauthor_uid=22283177
https://www.ncbi.nlm.nih.gov/pubmed/?term=Semba%20RD%5BAuthor%5D&cauthor=true&cauthor_uid=22283177
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cherubini%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22283177
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bandinelli%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22283177
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferrucci%20L%5BAuthor%5D&cauthor=true&cauthor_uid=22283177
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rodacki%20CL%5BAuthor%5D&cauthor=true&cauthor_uid=22218156
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rodacki%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=22218156
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pereira%20G%5BAuthor%5D&cauthor=true&cauthor_uid=22218156
https://www.ncbi.nlm.nih.gov/pubmed/?term=Naliwaiko%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22218156
https://www.ncbi.nlm.nih.gov/pubmed/?term=Coelho%20I%5BAuthor%5D&cauthor=true&cauthor_uid=22218156
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pequito%20D%5BAuthor%5D&cauthor=true&cauthor_uid=22218156
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fernandes%20LC%5BAuthor%5D&cauthor=true&cauthor_uid=22218156

[114] Hutchins-Wiese HL, Kleppinger A, Annis K, Liva E, Lammi-Keefe CJ, Durham HA, Kenny
AM. The impact of supplemental n-3 long chain polyunsaturated fatty acids and dietary
antioxidants on physical performance in postmenopausal women. J Nutr Health Aging.
2013;17(1):76-80.

[115] Bartali B, Frongillo EA, Bandinelli S, Lauretani F, Semba RD, Fried LP, Ferrucci L. Low
nutrient intake is an essential component of frailty in older persons. The journals of gerontology
2006, 61(6):589-593.

[116] Semba RD, Bartali B, Zhou J, Blaum C, Ko CW, Fried LP. Low serum micronutrient
concentrations predict frailty among older women living in the community. The journals of
gerontology 2006, 61(6):594-5909.

[117] Ble A, Cherubini A, Volpato S, Bartali B, Walston JD, Windham BG, Bandinelli S, Lauretani
F, Guralnik JM, Ferrucci L. Lower plasma vitamin E levels are associated with the frailty
syndrome: the INCHIANTI study. The journals of gerontology 2006, 61(3):278-283.

[118] Balboa-Castillo T, Struijk EA, Lopez-Garcia E, Banegas JR, Rodriguez-Artalejo F, Guallar-
Castillon P. Low vitamin intake is associated with risk of frailty in older adults. Age and ageing
2018, 47(6):872-879.

[119] Semba RD, Ferrucci L, Sun K, Walston J, Varadhan R, Guralnik JM, Fried LP. Oxidative
stress and severe walking disability among older women. Am J Med. 2007;120(12):1084-9.

[120] Howard C, Ferrucci L, Sun K, Fried LP, Walston J, Varadhan R, Guralnik JM, Semba RD.
Oxidative protein damage is associated with poor grip strength among older women living in the
community. J Appl Physiol. 2007;103(1):17-20.

[121] Bartali B, Salvini S, Turrini A, Lauretani F, Russo CR, Corsi AM, Bandinelli S, D'Amicis
A, Palli D, Guralnik JM, Ferrucci L. Age and disability affect dietary intake. J Nutr.
2003;133(9):2868-73.

[122] Maras JE, Bermudez Ol, Qiao N, Bakun PJ, Boody-Alter EL, Tucker KL. Intake of alpha-
tocopherol is limited among US adults. J Am Diet Assoc. 2004;104(4):567-75.

[123] Manore MM, Vaughan LA, Carroll SS, Leklem JE. Plasma pyridoxal 5’-phosphate
concentration and dietary vitamin B-6 intake in free-living, low-income elderly people. Am J Clin
Nutr. 1989;50(2):339-45.

[124] Wright JD, Bialostosky K, Gunter EW, Carroll MD, Najjar MF, Bowman BA, Johnson
CL.Blood folate and vitamin B12: United States. 1988-94. Vital Health Stat 11. 1998;(243):1-78.
[125] Prasad AS, Fitzgerald JT, Hess JW, Kaplan J, Pelen F, Dardenne M. Zinc deficiency in
elderly patients. Nutrition. 1993;9(3):218-24.

68


https://www.ncbi.nlm.nih.gov/pubmed/?term=Howard%20C%5BAuthor%5D&cauthor=true&cauthor_uid=17379753
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferrucci%20L%5BAuthor%5D&cauthor=true&cauthor_uid=17379753
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sun%20K%5BAuthor%5D&cauthor=true&cauthor_uid=17379753
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fried%20LP%5BAuthor%5D&cauthor=true&cauthor_uid=17379753
https://www.ncbi.nlm.nih.gov/pubmed/?term=Walston%20J%5BAuthor%5D&cauthor=true&cauthor_uid=17379753
https://www.ncbi.nlm.nih.gov/pubmed/?term=Varadhan%20R%5BAuthor%5D&cauthor=true&cauthor_uid=17379753
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guralnik%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=17379753
https://www.ncbi.nlm.nih.gov/pubmed/?term=Semba%20RD%5BAuthor%5D&cauthor=true&cauthor_uid=17379753
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bartali%20B%5BAuthor%5D&cauthor=true&cauthor_uid=12949379
https://www.ncbi.nlm.nih.gov/pubmed/?term=Salvini%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12949379
https://www.ncbi.nlm.nih.gov/pubmed/?term=Turrini%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12949379
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lauretani%20F%5BAuthor%5D&cauthor=true&cauthor_uid=12949379
https://www.ncbi.nlm.nih.gov/pubmed/?term=Russo%20CR%5BAuthor%5D&cauthor=true&cauthor_uid=12949379
https://www.ncbi.nlm.nih.gov/pubmed/?term=Corsi%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=12949379
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bandinelli%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12949379
https://www.ncbi.nlm.nih.gov/pubmed/?term=D%27Amicis%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12949379
https://www.ncbi.nlm.nih.gov/pubmed/?term=D%27Amicis%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12949379
https://www.ncbi.nlm.nih.gov/pubmed/?term=D%27Amicis%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12949379
https://www.ncbi.nlm.nih.gov/pubmed/?term=Palli%20D%5BAuthor%5D&cauthor=true&cauthor_uid=12949379
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guralnik%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=12949379
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferrucci%20L%5BAuthor%5D&cauthor=true&cauthor_uid=12949379
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wright%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=10222835
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bialostosky%20K%5BAuthor%5D&cauthor=true&cauthor_uid=10222835
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gunter%20EW%5BAuthor%5D&cauthor=true&cauthor_uid=10222835
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carroll%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=10222835
https://www.ncbi.nlm.nih.gov/pubmed/?term=Najjar%20MF%5BAuthor%5D&cauthor=true&cauthor_uid=10222835
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bowman%20BA%5BAuthor%5D&cauthor=true&cauthor_uid=10222835
https://www.ncbi.nlm.nih.gov/pubmed/?term=Johnson%20CL%5BAuthor%5D&cauthor=true&cauthor_uid=10222835
https://www.ncbi.nlm.nih.gov/pubmed/?term=Johnson%20CL%5BAuthor%5D&cauthor=true&cauthor_uid=10222835
https://www.ncbi.nlm.nih.gov/pubmed/?term=Johnson%20CL%5BAuthor%5D&cauthor=true&cauthor_uid=10222835

[126] Niskar AS, Paschal DC, Kieszak SM, Flegal KM, Bowman B, Gunter EW, Pirkle JL, Rubin
C, Sampson EJ, McGeehin M. Serum selenium levels in the US population: Third National Health
and Nutrition Examination Survey, 1988-1994. Biol Trace Elem Res. 2003;91(1):1-10.

[127] Michelon E, Blaum C, Semba RD, Xue Q-L, Ricks MO, Fried LP. Vitamin and carotenoid
status in older women: associations with the frailty syndrome. J Gerontol A Biol Sci Med Sci.
2006;61(6):600-7.

[128] Mecocci P, Fané G, Fulle S, MacGarvey U, Shinobu L, Polidori MC, Cherubini A, Vecchiet
J, Senin U, Beal MF. Age-dependent increases in oxidative damage to DNA, lipids, and proteins in
human skeletal muscle. Free Radic Biol Med. 1999;26(3-4):303-8.

[129] Pansarasa O, Bertorelli L, Vecchiet J, Felzani G, Marzatico F. Age-dependent changes of
antioxidant activities and markers of free radical damage in human skeletal muscle. Free Radic Biol
Med. 1999;27(5-6):617-22.

[130] Cesari M, Pahor M, Bartali B, Cherubini A, Penninx BW, Williams GR, Atkinson H, Martin
A, Guralnik JM, Ferrucci L. Antioxidants and physical performance in elderly persons: the
Invecchiare in Chianti (INCHIANT]) study. Am J Clin Nutr. 2004;79(2):289-94.

[131] Lauretani F, Semba RD, Bandinelli S, Dayhoff-Brannigan M, Giacomini V, Corsi
AM, Guralnik JM, Ferrucci L. Low plasma carotenoids and skeletal muscle strength decline over 6
years. J Gerontol A Biol Sci Med Sci. 2008;63(4):376-83.

[132] Alipanah N, Varadhan R, Sun K, Ferrucci L, Fried LP, Semba RD. Low serum carotenoids
are associated with a decline in walking speed in older women. J Nutr Health Aging.
2009;13(3):170-5.

[133] Ryan MJ, Dudash HJ, Docherty M, Geronilla KB, Baker BA, Haff GG, Cutlip RG, Alway SE.
Vitamin E and C supplementation reduces oxidative stress, improves antioxidant enzymes and
positive muscle work in chronically loaded muscles of aged rats. Exp Gerontol. 2010;45(11):882—
95.

[134] Ble A, Cherubini A, Volpato S, Bartali B, Walston JD, Windham BG, Bandinelli S, Lauretani
F, Guralnik JM, Ferrucci L. Lower plasma vitamin E levels are associated with the frailty
syndrome: the INCHIANT]I study. J Gerontol A Biol Sci Med Sci. 2006;61(3):278-83.

[135] Bartali B, Semba RD, Frongillo EA, Varadhan R, Ricks MO, Blaum CS, Ferrucci L, Guralnik
JM, Fried LP. Low micronutrient levels as a predictor of incident disability in older women. Arch
Intern Med. 2006 27;166(21):2335-40.

[136] Saito K, Yokoyama T, Yoshida H, Kim H, Shimada H, Yoshida Y, lwasa H, Shimizu
Y, Kondo Y, Handa S, Maruyama N, Ishigami A, Suzuki T. A significant relationship between

plasma vitamin C concentration and physical performance among Japanese elderly women.

69


https://www.ncbi.nlm.nih.gov/pubmed/?term=Niskar%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=12713024
https://www.ncbi.nlm.nih.gov/pubmed/?term=Paschal%20DC%5BAuthor%5D&cauthor=true&cauthor_uid=12713024
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kieszak%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=12713024
https://www.ncbi.nlm.nih.gov/pubmed/?term=Flegal%20KM%5BAuthor%5D&cauthor=true&cauthor_uid=12713024
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bowman%20B%5BAuthor%5D&cauthor=true&cauthor_uid=12713024
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gunter%20EW%5BAuthor%5D&cauthor=true&cauthor_uid=12713024
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pirkle%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=12713024
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rubin%20C%5BAuthor%5D&cauthor=true&cauthor_uid=12713024
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rubin%20C%5BAuthor%5D&cauthor=true&cauthor_uid=12713024
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sampson%20EJ%5BAuthor%5D&cauthor=true&cauthor_uid=12713024
https://www.ncbi.nlm.nih.gov/pubmed/?term=McGeehin%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12713024
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mecocci%20P%5BAuthor%5D&cauthor=true&cauthor_uid=9895220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fan%C3%B3%20G%5BAuthor%5D&cauthor=true&cauthor_uid=9895220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fulle%20S%5BAuthor%5D&cauthor=true&cauthor_uid=9895220
https://www.ncbi.nlm.nih.gov/pubmed/?term=MacGarvey%20U%5BAuthor%5D&cauthor=true&cauthor_uid=9895220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shinobu%20L%5BAuthor%5D&cauthor=true&cauthor_uid=9895220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Polidori%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=9895220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cherubini%20A%5BAuthor%5D&cauthor=true&cauthor_uid=9895220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vecchiet%20J%5BAuthor%5D&cauthor=true&cauthor_uid=9895220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vecchiet%20J%5BAuthor%5D&cauthor=true&cauthor_uid=9895220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vecchiet%20J%5BAuthor%5D&cauthor=true&cauthor_uid=9895220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Senin%20U%5BAuthor%5D&cauthor=true&cauthor_uid=9895220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Beal%20MF%5BAuthor%5D&cauthor=true&cauthor_uid=9895220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cesari%20M%5BAuthor%5D&cauthor=true&cauthor_uid=14749236
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pahor%20M%5BAuthor%5D&cauthor=true&cauthor_uid=14749236
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bartali%20B%5BAuthor%5D&cauthor=true&cauthor_uid=14749236
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cherubini%20A%5BAuthor%5D&cauthor=true&cauthor_uid=14749236
https://www.ncbi.nlm.nih.gov/pubmed/?term=Penninx%20BW%5BAuthor%5D&cauthor=true&cauthor_uid=14749236
https://www.ncbi.nlm.nih.gov/pubmed/?term=Williams%20GR%5BAuthor%5D&cauthor=true&cauthor_uid=14749236
https://www.ncbi.nlm.nih.gov/pubmed/?term=Atkinson%20H%5BAuthor%5D&cauthor=true&cauthor_uid=14749236
https://www.ncbi.nlm.nih.gov/pubmed/?term=Martin%20A%5BAuthor%5D&cauthor=true&cauthor_uid=14749236
https://www.ncbi.nlm.nih.gov/pubmed/?term=Martin%20A%5BAuthor%5D&cauthor=true&cauthor_uid=14749236
https://www.ncbi.nlm.nih.gov/pubmed/?term=Martin%20A%5BAuthor%5D&cauthor=true&cauthor_uid=14749236
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guralnik%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=14749236
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferrucci%20L%5BAuthor%5D&cauthor=true&cauthor_uid=14749236
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lauretani%20F%5BAuthor%5D&cauthor=true&cauthor_uid=18426961
https://www.ncbi.nlm.nih.gov/pubmed/?term=Semba%20RD%5BAuthor%5D&cauthor=true&cauthor_uid=18426961
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bandinelli%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18426961
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dayhoff-Brannigan%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18426961
https://www.ncbi.nlm.nih.gov/pubmed/?term=Giacomini%20V%5BAuthor%5D&cauthor=true&cauthor_uid=18426961
https://www.ncbi.nlm.nih.gov/pubmed/?term=Corsi%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=18426961
https://www.ncbi.nlm.nih.gov/pubmed/?term=Corsi%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=18426961
https://www.ncbi.nlm.nih.gov/pubmed/?term=Corsi%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=18426961
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guralnik%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=18426961
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferrucci%20L%5BAuthor%5D&cauthor=true&cauthor_uid=18426961
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ryan%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=20705127
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dudash%20HJ%5BAuthor%5D&cauthor=true&cauthor_uid=20705127
https://www.ncbi.nlm.nih.gov/pubmed/?term=Docherty%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20705127
https://www.ncbi.nlm.nih.gov/pubmed/?term=Geronilla%20KB%5BAuthor%5D&cauthor=true&cauthor_uid=20705127
https://www.ncbi.nlm.nih.gov/pubmed/?term=Baker%20BA%5BAuthor%5D&cauthor=true&cauthor_uid=20705127
https://www.ncbi.nlm.nih.gov/pubmed/?term=Haff%20GG%5BAuthor%5D&cauthor=true&cauthor_uid=20705127
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cutlip%20RG%5BAuthor%5D&cauthor=true&cauthor_uid=20705127
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alway%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=20705127
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ble%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16567378
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cherubini%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16567378
https://www.ncbi.nlm.nih.gov/pubmed/?term=Volpato%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16567378
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bartali%20B%5BAuthor%5D&cauthor=true&cauthor_uid=16567378
https://www.ncbi.nlm.nih.gov/pubmed/?term=Walston%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=16567378
https://www.ncbi.nlm.nih.gov/pubmed/?term=Windham%20BG%5BAuthor%5D&cauthor=true&cauthor_uid=16567378
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bandinelli%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16567378
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lauretani%20F%5BAuthor%5D&cauthor=true&cauthor_uid=16567378
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lauretani%20F%5BAuthor%5D&cauthor=true&cauthor_uid=16567378
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lauretani%20F%5BAuthor%5D&cauthor=true&cauthor_uid=16567378
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guralnik%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=16567378
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferrucci%20L%5BAuthor%5D&cauthor=true&cauthor_uid=16567378
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bartali%20B%5BAuthor%5D&cauthor=true&cauthor_uid=17130386
https://www.ncbi.nlm.nih.gov/pubmed/?term=Semba%20RD%5BAuthor%5D&cauthor=true&cauthor_uid=17130386
https://www.ncbi.nlm.nih.gov/pubmed/?term=Frongillo%20EA%5BAuthor%5D&cauthor=true&cauthor_uid=17130386
https://www.ncbi.nlm.nih.gov/pubmed/?term=Varadhan%20R%5BAuthor%5D&cauthor=true&cauthor_uid=17130386
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ricks%20MO%5BAuthor%5D&cauthor=true&cauthor_uid=17130386
https://www.ncbi.nlm.nih.gov/pubmed/?term=Blaum%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=17130386
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferrucci%20L%5BAuthor%5D&cauthor=true&cauthor_uid=17130386
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guralnik%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=17130386
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guralnik%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=17130386
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guralnik%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=17130386
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fried%20LP%5BAuthor%5D&cauthor=true&cauthor_uid=17130386
https://www.ncbi.nlm.nih.gov/pubmed/?term=Saito%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21934124
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yokoyama%20T%5BAuthor%5D&cauthor=true&cauthor_uid=21934124
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yoshida%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21934124
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21934124
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shimada%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21934124
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yoshida%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=21934124
https://www.ncbi.nlm.nih.gov/pubmed/?term=Iwasa%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21934124
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shimizu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=21934124
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shimizu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=21934124
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shimizu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=21934124
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kondo%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=21934124
https://www.ncbi.nlm.nih.gov/pubmed/?term=Handa%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21934124
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maruyama%20N%5BAuthor%5D&cauthor=true&cauthor_uid=21934124
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ishigami%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21934124
https://www.ncbi.nlm.nih.gov/pubmed/?term=Suzuki%20T%5BAuthor%5D&cauthor=true&cauthor_uid=21934124

[137] Shikany JM, Barrett-Connor E, Ensrud KE, Cawthon PM, Lewis CE, Dam TT, Shannon
J, Redden DT; Osteoporotic Fractures in Men (MrOS) Research Group. Macronutrients, diet
quality, and frailty in older men. J Gerontol A Biol Sci Med Sci 2014;69:695-701.

[138] Talegawkar SA, Bandinelli S, Bandeen-Roche K, Chen P, Milaneschi Y, Tanaka T, Semba
RD, Guralnik JM, Ferrucci L. A higher adherence to a Mediterranean-style diet is inversely
associated with the development of frailty in community-dwelling elderly men and women. J Nutr.
2012;142:2161-6.

[139] Ledn-Mufioz LM, Guallar-Castillon P, Lopez-Garcia E, Rodriguez-Artalejo F. Mediterranean
diet and risk of frailty in community-dwelling older adults. J Am Med Dir Assoc. 2014;15:899-903.
[140] Chan R, Leung J, Woo J. Dietary Patterns and Risk of Frailty in Chinese Community-
Dwelling Older People in Hong Kong: A Prospective Cohort Study. Nutrients. 2015;7:7070-84.
[141] Milaneschi Y, Bandinelli S, Corsi AM, Lauretani F, Paolisso G, Dominguez LJ, Semba
RD, Tanaka T, Abbatecola AM, Talegawkar SA, Guralnik JM, Ferrucci L. Mediterranean diet and
mobility declinein older persons. Exp Gerontol 2011;46:303-8.

[142] Shahar DR, Houston DK, Hue TF, Lee JS, Sahyoun NR, Tylavsky FA, Geva D, Vardi
H, Harris TB. Adherence to Mediterranean diet and decline in walking speed over 8 years in
community dwelling older adults. J Am Geriatr Soc 2012;60:1881-8.

[143] Keys A. Seven countries. A multivariate analysis of death, coronary heart disease.
Cambridge, MA: Harvard University Press; 1980.

[144] Willett WC, Sacks F, Trichopoulou A, Drescher G, Ferro-Luzzi A, Helsing E, Trichopoulos
D. Mediterranean diet pyramid: a cultural model for healthy eating. Am J Clin Nutr. 1995;61(6
Suppl):1402S-6S.

[145] Sofi F, Macchi C, Abbate R, Gensini GF, Casini A. Mediterranean diet and health status: an
updated meta-analysis and a proposal for a literature-based adherence score. Public health nutrition
2014, 17(12):2769-2782.

[146] Psaltopoulou T, Sergentanis TN, Panagiotakos DB, Sergentanis IN, Kosti R, Scarmeas N.
Mediterranean diet and stroke, cognitive impairment, depression: A meta-analysis. Annals of
neurology 2013.

[147] Bonaccio M, Di Castelnuovo A, Costanzo S, Gialluisi A, Persichillo M, Cerletti C, Donati
MB, de Gaetano G, lacoviello L. Mediterranean diet and mortality in the elderly: a prospective
cohort study and a meta-analysis. Br J Nutr. 2018 Oct;120(8):841-854.

[148] Bollwein J, Diekmann R, Kaiser MJ, Bauer JM, Uter W, Sieber CC, Volkert D. Dietary
quality is related to frailty in community-dwelling older adults. The journals of gerontology 2013,

68(4):483-489.
70


https://www.ncbi.nlm.nih.gov/pubmed/?term=Shikany%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=24304504
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barrett-Connor%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24304504
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ensrud%20KE%5BAuthor%5D&cauthor=true&cauthor_uid=24304504
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cawthon%20PM%5BAuthor%5D&cauthor=true&cauthor_uid=24304504
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lewis%20CE%5BAuthor%5D&cauthor=true&cauthor_uid=24304504
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dam%20TT%5BAuthor%5D&cauthor=true&cauthor_uid=24304504
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shannon%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24304504
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shannon%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24304504
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shannon%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24304504
https://www.ncbi.nlm.nih.gov/pubmed/?term=Redden%20DT%5BAuthor%5D&cauthor=true&cauthor_uid=24304504
https://www.ncbi.nlm.nih.gov/pubmed/?term=Osteoporotic%20Fractures%20in%20Men%20(MrOS)%20Research%20Group%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Milaneschi%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bandinelli%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Corsi%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lauretani%20F%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Paolisso%20G%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dominguez%20LJ%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Semba%20RD%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Semba%20RD%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Semba%20RD%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tanaka%20T%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abbatecola%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Talegawkar%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guralnik%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferrucci%20L%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shahar%20DR%5BAuthor%5D&cauthor=true&cauthor_uid=23035758
https://www.ncbi.nlm.nih.gov/pubmed/?term=Houston%20DK%5BAuthor%5D&cauthor=true&cauthor_uid=23035758
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hue%20TF%5BAuthor%5D&cauthor=true&cauthor_uid=23035758
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=23035758
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sahyoun%20NR%5BAuthor%5D&cauthor=true&cauthor_uid=23035758
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tylavsky%20FA%5BAuthor%5D&cauthor=true&cauthor_uid=23035758
https://www.ncbi.nlm.nih.gov/pubmed/?term=Geva%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23035758
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vardi%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23035758
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vardi%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23035758
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vardi%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23035758
https://www.ncbi.nlm.nih.gov/pubmed/?term=Harris%20TB%5BAuthor%5D&cauthor=true&cauthor_uid=23035758
https://www.ncbi.nlm.nih.gov/pubmed/30157978
https://www.ncbi.nlm.nih.gov/pubmed/30157978

[149] Talegawkar SA, Bandinelli S, Bandeen-Roche K, Chen P, Milaneschi Y, Tanaka T, Semba
RD, Guralnik JM, Ferrucci L. A higher adherence to a Mediterranean-style diet is inversely
associated with the development of frailty in community-dwelling elderly men and women. The
Journal of nutrition 2012, 142(12):2161-2166.

[150] Leon-Munoz LM, Guallar-Castillon P, Lopez-Garcia E, Rodriguez-Artalejo F. Mediterranean
diet and risk of frailty in community-dwelling older adults. Journal of the American Medical
Directors Association 2014, 15(12):899-903.

[151] Milaneschi Y, Bandinelli S, Corsi AM, Lauretani F, Paolisso G, Dominguez LJ, Semba
RD, Tanaka T, Abbatecola AM, Talegawkar SA, Guralnik JM, Ferrucci L. Mediterranean diet and
mobility decline in older persons. Exp Gerontol. 2011 Apr;46(4):303-8.

[152] Veronese N, Stubbs B, Noale M, Solmi M, Rizzoli R, Vaona A, Demurtas J, Crepaldi G,
Maggi S. Adherence to a Mediterranean diet is associated with lower incidence of frailty: A
longitudinal cohort study. Clin Nutr. 2018 Oct;37(5):1492-1497.

[153] Ntanasi E, Yannakoulia M, Kosmidis MH, Anastasiou CA, Dardiotis E, Hadjigeorgiou G,
Sakka P, Scarmeas N. Adherence to Mediterranean Diet and Frailty. Journal of the American
Medical Directors Association 2018, 19(4):315-322 e312.

[154] Rahi B, Ajana S, Tabue-Teguo M, Dartigues JF, Peres K, Feart C. High adherence to a
Mediterranean diet and lower risk of frailty among French older adults community-dwellers:
Results from the Three-City-Bordeaux Study. Clin Nutr 2018, 37(4):1293-1298.

[155] Feart C, Peres K, Samieri C, Letenneur L, Dartigues JF, Barberger-Gateau P. Adherence to a
Mediterranean diet and onset of disability in older persons. European journal of epidemiology 2011,
26(9):747-756.

[156] Kojima G, Avgerinou C, lliffe S, Walters K. Adherence to Mediterranean Diet Reduces
Incident Frailty Risk: Systematic Review and Meta-Analysis. Am J Clin Nutr. 2018 May
1;107(5):763-771.

[157] Lopez-Garcia E, Hagan KA, Fung TT, Hu FB, Rodriguez-Artalejo F. Mediterranean diet and
risk of frailty syndrome among women with type 2 diabetes. The American journal of clinical
nutrition 2018, 107(5):763-771.

[158] Ferrucci L, Bandinelli S, Benvenuti E, Di lorio A, Macchi C, Harris TB, Guralnik JM.
Subsystems contributing to the decline in ability to walk: bridging the gap between epidemiology
and geriatric practice in the INCHIANTI study. J Am Geriatr Soc. 2000;48:1618-25.

[159] Kiefte-de Jong JC, Mathers JC, Franco OH. Nutrition and healthy ageing: the key ingredients.
Proc Nutr Soc. 2014;73(2):249-59.

71


https://www.ncbi.nlm.nih.gov/pubmed/?term=Milaneschi%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bandinelli%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Corsi%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lauretani%20F%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Paolisso%20G%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dominguez%20LJ%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Semba%20RD%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Semba%20RD%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Semba%20RD%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tanaka%20T%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abbatecola%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Talegawkar%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guralnik%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferrucci%20L%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/21111801
https://www.ncbi.nlm.nih.gov/pubmed/28918168
https://www.ncbi.nlm.nih.gov/pubmed/29722845

[160] Mathers JC. Nutrition and ageing: knowledge, gaps and research priorities. Proc Nutr Soc.
2013 May;72(2):246-50.

[161] Milaneschi Y, Bandinelli S, Corsi AM, Lauretani F, Paolisso G, Dominguez LJ, Semba
RD, Tanaka T, Abbatecola AM, Talegawkar SA, Guralnik JM, Ferrucci L. Mediterranean diet and
mobility decline in older persons. Exp Gerontol. 2011;46(4):303-8.

[162] Bollwein J, Diekmann R, Kaiser MJ, Bauer JM, Uter W, Sieber CC, Volkert D. Dietary
quality is related to frailty in community-dwelling older adults. J Gerontol A Biol Sci Med Sci.
2013;68(4):483-9.

[163] Talegawkar SA, Bandinelli S, Bandeen-Roche K, Chen P, Milaneschi Y, Tanaka T, Semba
RD, Guralnik JM, Ferrucci L. A Higher Adherence to a Mediterranean-Style Diet Is Inversely
Associated with the Development of Frailty in Community-Dwelling Elderly Men and Women. J
Nutr. 2012 Dec;142(12):2161-6.

[164] Ledn-Mufioz LM, Guallar-Castillon P, Lépez-Garcia E, Rodriguez-Artalejo F. Mediterranean
diet and risk of frailty in community-dwelling older adults. J Am Med Dir Assoc. 2014
Dec;15(12):899-903

[165] Chan R, Leung J, Woo J. Dietary patterns and risk of frailty in Chinese community-dwelling
older people in Hong Kong: a prospective cohort study. Nutrients 2015;7:7070-84

[166] Mecocci P, Fand G, Fulle S, MacGarvey U, Shinobu L, Polidori MC, Cherubini A, Vecchiet
J, Senin U, Beal MF. Age-dependent increases in oxidative damage to DNA, lipids, and proteins in
human skeletal muscle. Free Radic Biol Med 1999;26:303-8.

[167] Fagiolo U, Cossarizza A, Scala E, Fanales-Belasio E, Ortolani C, Cozzi E, Monti D,
Franceschi C, Paganelli R. Increasedcytokine production in mononuclear cells of healthy elderly
people. Eur J Immunol.1993;23(9):2375-8.

[168] Franceschi C, Bonafe M, Valensin S, Olivieri F, De Luca M, Ottaviani E, De Benedictis G.
Inflamm-aging. An evolutionary perspectiveon immunosenescence. Ann N Y Acad Sci.
2000;908:244-54.

[169] Ferrucci L, Corsi A, Lauretani F, Bandinelli S, Bartali B, Taub DD, Guralnik JM, Longo DL.
The origins of age-related proinflammatory state.Blood. 2005;105(6):2294-9.

[170] Wellen KE, Hotamisligil GS. Obesity-induced inflammatory changes in adipose tissue. J Clin
Invest, 2003. 112:1785-8.

[171] Dantzer R. Depression and inflammation: an intricate relationship. Biol Psychiatry, 201;7:p.4-
5.

72


https://www.ncbi.nlm.nih.gov/pubmed/?term=Milaneschi%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bandinelli%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Corsi%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lauretani%20F%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Paolisso%20G%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dominguez%20LJ%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Semba%20RD%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Semba%20RD%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Semba%20RD%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tanaka%20T%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abbatecola%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Talegawkar%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guralnik%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferrucci%20L%5BAuthor%5D&cauthor=true&cauthor_uid=21111801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bollwein%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23064817
https://www.ncbi.nlm.nih.gov/pubmed/?term=Diekmann%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23064817
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kaiser%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=23064817
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bauer%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=23064817
https://www.ncbi.nlm.nih.gov/pubmed/?term=Uter%20W%5BAuthor%5D&cauthor=true&cauthor_uid=23064817
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sieber%20CC%5BAuthor%5D&cauthor=true&cauthor_uid=23064817
https://www.ncbi.nlm.nih.gov/pubmed/?term=Volkert%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23064817
https://www.ncbi.nlm.nih.gov/pubmed/?term=Talegawkar%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=23096005
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bandinelli%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23096005
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bandeen-Roche%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23096005
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23096005
https://www.ncbi.nlm.nih.gov/pubmed/?term=Milaneschi%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23096005
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tanaka%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23096005
https://www.ncbi.nlm.nih.gov/pubmed/?term=Semba%20RD%5BAuthor%5D&cauthor=true&cauthor_uid=23096005
https://www.ncbi.nlm.nih.gov/pubmed/?term=Semba%20RD%5BAuthor%5D&cauthor=true&cauthor_uid=23096005
https://www.ncbi.nlm.nih.gov/pubmed/?term=Semba%20RD%5BAuthor%5D&cauthor=true&cauthor_uid=23096005
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guralnik%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=23096005
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferrucci%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23096005
https://www.ncbi.nlm.nih.gov/pubmed/23096005
https://www.ncbi.nlm.nih.gov/pubmed/23096005
https://www.ncbi.nlm.nih.gov/pubmed/23096005
https://www.ncbi.nlm.nih.gov/pubmed/?term=Le%C3%B3n-Mu%C3%B1oz%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=25127502
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guallar-Castill%C3%B3n%20P%5BAuthor%5D&cauthor=true&cauthor_uid=25127502
https://www.ncbi.nlm.nih.gov/pubmed/?term=L%C3%B3pez-Garc%C3%ADa%20E%5BAuthor%5D&cauthor=true&cauthor_uid=25127502
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rodr%C3%ADguez-Artalejo%20F%5BAuthor%5D&cauthor=true&cauthor_uid=25127502
https://www.ncbi.nlm.nih.gov/pubmed/25127502
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mecocci%20P%5BAuthor%5D&cauthor=true&cauthor_uid=9895220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fan%C3%B3%20G%5BAuthor%5D&cauthor=true&cauthor_uid=9895220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fulle%20S%5BAuthor%5D&cauthor=true&cauthor_uid=9895220
https://www.ncbi.nlm.nih.gov/pubmed/?term=MacGarvey%20U%5BAuthor%5D&cauthor=true&cauthor_uid=9895220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shinobu%20L%5BAuthor%5D&cauthor=true&cauthor_uid=9895220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Polidori%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=9895220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cherubini%20A%5BAuthor%5D&cauthor=true&cauthor_uid=9895220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vecchiet%20J%5BAuthor%5D&cauthor=true&cauthor_uid=9895220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vecchiet%20J%5BAuthor%5D&cauthor=true&cauthor_uid=9895220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vecchiet%20J%5BAuthor%5D&cauthor=true&cauthor_uid=9895220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Senin%20U%5BAuthor%5D&cauthor=true&cauthor_uid=9895220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Beal%20MF%5BAuthor%5D&cauthor=true&cauthor_uid=9895220

[172] Parkitny L, McAuley JH, Di Pietro F, Stanton TR, O'Connell NE, Marinus J, van Hilten
JJ, Moseley GL. Inflammation in complex regional pain syndrome: a systematic review and meta-
analysis.Neurology, 2013. 80:106-17.

[173] Franceschi C, Bonafé M, Valensin S, Olivieri F, De Luca M, Ottaviani E, De Benedictis G.
Inflamm-aging. An evolutionary perspective on immunosenescence. Ann N Y Acad Sci.
2000;908:244-54.

[174] Franceschi C, Campisi J. Chronic inflammation (inflammaging) and its potential contribution
to age-associated diseases. J Gerontol A Biol Sci Med Sci. 2014;69 Suppl 1:54-9.

[175] Franceschi C. Inflammaging as a major characteristic of old people: can it be prevented or
cured? Nutr Rev. 2007 Dec;65(12 Pt 2):S173-6.

[176] Tompkins BA, Landin AM, Florea V, Natsumeda M, Rieger AC, Balkan W, Hernandez
Schulman I, Hare JM. Allogeneic Mesenchymal Stem Cells as a Treatment for Aging Frailty.
Frailty and Sarcopenia: Onset, Development and Clinical Challenges, edited byYannis Dionyssiotis,
Chapter 11, 2017

[177] Gurven M, Kaplan H, Winking J, Finch C, Crimmins EM. Aging and inflammation in two
epidemiological worlds. J Gerontol A Biol Sci Med Sci. 2008;63(2):196-9.

[178] Mundy GR. Osteoporosis and inflammation. Nutr Rev. 2007;65(12 Pt 2):S147-51.

[179] Hansson GK. Inflammation, atherosclerosis, and coronary artery disease. N Engl J Med.
2005;352(16):1685-95.

[180] Payette H, Roubenoff R, Jacques PF, Dinarello CA, Wilson PW, Abad LW, Harris T. Insulin-
like growth factor-1 and interleukin 6 predict sarcopenia in very old community-living men and
women: the Framingham Heart Study. J Am Geriatr Soc. 2003;51(9):1237-43.

[181] Schaap LA, Pluijm SM, Deeg DJ, Visser M. Inflammatory markers and loss of muscle mass
(sarcopenia) and strength. Am J Med. 2006;119(6):526 €9-17.

[182] lannuzzi-Sucich M, Prestwood KM, Kenny AM. Prevalence of sarcopenia and predictors of
skeletal muscle mass in healthy, older men and women. J Gerontol A Biol Sci Med Sci. 2002;
57:M772-MT7717.

[183] Mourkioti F, Kratsios P, Luedde T, Song YH, Delafontaine P, Adami R, Parente V, Bottinelli
R, Pasparakis M, Rosenthal N. Targeted ablation of IKK2 improves skeletal muscle strength,
maintains mass, and promotes regeneration. J Clin Invest. 2006; 116:2945-2954.

[184] Visser M, Pahor M, Taaffe DR, Goodpaster BH, Simonsick EM, Newman AB, Nevitt
M, Harris TB. Relationship of interleukin-6 and tumor necrosis factor-alpha with muscle mass and
muscle strength in elderly men and women: The Health ABC Study. J Gerontol A Biol Sci Med Sci.
2002; 57:M326-M332.

73


https://www.ncbi.nlm.nih.gov/pubmed/?term=Parkitny%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23267031
https://www.ncbi.nlm.nih.gov/pubmed/?term=McAuley%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=23267031
https://www.ncbi.nlm.nih.gov/pubmed/?term=Di%20Pietro%20F%5BAuthor%5D&cauthor=true&cauthor_uid=23267031
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stanton%20TR%5BAuthor%5D&cauthor=true&cauthor_uid=23267031
https://www.ncbi.nlm.nih.gov/pubmed/?term=O%27Connell%20NE%5BAuthor%5D&cauthor=true&cauthor_uid=23267031
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marinus%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23267031
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Hilten%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=23267031
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Hilten%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=23267031
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Hilten%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=23267031
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moseley%20GL%5BAuthor%5D&cauthor=true&cauthor_uid=23267031
https://www.ncbi.nlm.nih.gov/pubmed/?term=Franceschi%20C%5BAuthor%5D&cauthor=true&cauthor_uid=10911963
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bonaf%C3%A8%20M%5BAuthor%5D&cauthor=true&cauthor_uid=10911963
https://www.ncbi.nlm.nih.gov/pubmed/?term=Valensin%20S%5BAuthor%5D&cauthor=true&cauthor_uid=10911963
https://www.ncbi.nlm.nih.gov/pubmed/?term=Olivieri%20F%5BAuthor%5D&cauthor=true&cauthor_uid=10911963
https://www.ncbi.nlm.nih.gov/pubmed/?term=De%20Luca%20M%5BAuthor%5D&cauthor=true&cauthor_uid=10911963
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ottaviani%20E%5BAuthor%5D&cauthor=true&cauthor_uid=10911963
https://www.ncbi.nlm.nih.gov/pubmed/?term=De%20Benedictis%20G%5BAuthor%5D&cauthor=true&cauthor_uid=10911963
https://www.researchgate.net/publication/319400650_Allogeneic_Mesenchymal_Stem_Cells_as_a_Treatment_for_Aging_Frailty
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mourkioti%20F%5BAuthor%5D&cauthor=true&cauthor_uid=17080195
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kratsios%20P%5BAuthor%5D&cauthor=true&cauthor_uid=17080195
https://www.ncbi.nlm.nih.gov/pubmed/?term=Luedde%20T%5BAuthor%5D&cauthor=true&cauthor_uid=17080195
https://www.ncbi.nlm.nih.gov/pubmed/?term=Song%20YH%5BAuthor%5D&cauthor=true&cauthor_uid=17080195
https://www.ncbi.nlm.nih.gov/pubmed/?term=Delafontaine%20P%5BAuthor%5D&cauthor=true&cauthor_uid=17080195
https://www.ncbi.nlm.nih.gov/pubmed/?term=Adami%20R%5BAuthor%5D&cauthor=true&cauthor_uid=17080195
https://www.ncbi.nlm.nih.gov/pubmed/?term=Parente%20V%5BAuthor%5D&cauthor=true&cauthor_uid=17080195
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bottinelli%20R%5BAuthor%5D&cauthor=true&cauthor_uid=17080195
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bottinelli%20R%5BAuthor%5D&cauthor=true&cauthor_uid=17080195
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bottinelli%20R%5BAuthor%5D&cauthor=true&cauthor_uid=17080195
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pasparakis%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17080195
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rosenthal%20N%5BAuthor%5D&cauthor=true&cauthor_uid=17080195
https://www.ncbi.nlm.nih.gov/pubmed/?term=Visser%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11983728
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pahor%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11983728
https://www.ncbi.nlm.nih.gov/pubmed/?term=Taaffe%20DR%5BAuthor%5D&cauthor=true&cauthor_uid=11983728
https://www.ncbi.nlm.nih.gov/pubmed/?term=Goodpaster%20BH%5BAuthor%5D&cauthor=true&cauthor_uid=11983728
https://www.ncbi.nlm.nih.gov/pubmed/?term=Simonsick%20EM%5BAuthor%5D&cauthor=true&cauthor_uid=11983728
https://www.ncbi.nlm.nih.gov/pubmed/?term=Newman%20AB%5BAuthor%5D&cauthor=true&cauthor_uid=11983728
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nevitt%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11983728
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nevitt%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11983728
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nevitt%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11983728
https://www.ncbi.nlm.nih.gov/pubmed/?term=Harris%20TB%5BAuthor%5D&cauthor=true&cauthor_uid=11983728

[185] Cesari M, Penninx BW, Pahor M, Lauretani F, Corsi AM, Rhys Williams G, Guralnik
JM, Ferrucci L. Inflammatory markers and physical performance in older persons: the INCHIANTI
study. J Gerontol A Biol Sci Med Sci. 2004; 59:242—-248.

[186] Barzilay JI, Blaum C, Moore T, Xue QL, Hirsch CH, Walston JD, Fried LP. Insulin resistance
and inflammation as precursors of frailty: the Cardiovascular Health Study. Arch Intern Med.
2007;167(7):635-41.

[187] Hubbard RE, O'Mahony MS, Savva GM, Calver BL, Woodhouse KW. Inflammation and
frailty measures in older people. J Cell Mol Med. 2009;13(9B):3103-9.

[188] Leng SX, Xue QL, Tian J, Walston JD, Fried LP. Inflammation and frailty in older women. J
Am Geriatr Soc. 2007;55(6):864-71.

[189] Harris TB, Ferrucci L, Tracy RP, Corti MC, Wacholder S, Ettinger WH Jr, Heimovitz H,
Cohen HJ, Wallace R. Associations of elevated interleukin-6 and C-reactive protein levels with
mortality in the elderly. Am J Med. 1999;106(5):506-12.

[190] Cohen HJ, Pieper CF, Harris T, Rao KM, Currie MS. The association of plasma IL-6 levels
with functional disability in communitydwelling elderly. J Gerontol A Biol Sci Med Sci.
1997;52(4):M201-8.

[191] Kanapuru B, Ershler WB. Inflammation, Coagulation, and the Pathway to Frailty. Am J Med.
2009 July ; 122(7): 605-613.

[192] Deguchi K, Deguchi A, Wada H, Murashima S. Study of cardiovascular risk factors and
hemostatic molecular markers in elderly persons. Semin Thromb Hemost. 2000; 26:23-27.

[193] Scarabin PY, Aillaud MF, Amouyel P, Evans A, Luc G, Ferriéres J, Arveiler D, Juhan-Vague
I. Associations of fibrinogen, factor VII and PAI-1 with baseline findings among 10,500 male
participants in a prospective study of myocardial infarction-the PRIME Study. Prospective
Epidemiological Study of Myocardial Infarction. Thromb Haemost. 1998; 80:749-756.

[194] Hager K, Platt D. Fibrin degeneration product concentrations (D-dimers) in the course of
ageing. Gerontology. 1995; 41:159-165.

[195] Tracy RP, Bovill EG, Fried LP, Heiss G, Lee MH, Polak JF, Psaty BM, Savage PJ. The
distribution of coagulation factors VII and VIII and fibrinogen in adults over 65 years. Results from
the Cardiovascular Health Study. Ann Epidemiol. 1992; 2:509-519.

[196] Pieper CF, Rao KM, Currie MS, Harris TB, Cohen HJ. Age, functional status, and racial
differences in plasma D-dimer levels in community-dwelling elderly persons. J Gerontol A Biol Sci
Med Sci. 2000; 55:M649-M657.

[197] Laharrague PF, Cambus JP, Fillola G, Corberand JX. Plasma fibrinogen and physiological
aging. Aging (Milano). 1993; 5:445-449

74


https://www.ncbi.nlm.nih.gov/pubmed/?term=Cesari%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15031308
https://www.ncbi.nlm.nih.gov/pubmed/?term=Penninx%20BW%5BAuthor%5D&cauthor=true&cauthor_uid=15031308
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pahor%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15031308
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lauretani%20F%5BAuthor%5D&cauthor=true&cauthor_uid=15031308
https://www.ncbi.nlm.nih.gov/pubmed/?term=Corsi%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=15031308
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rhys%20Williams%20G%5BAuthor%5D&cauthor=true&cauthor_uid=15031308
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guralnik%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=15031308
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guralnik%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=15031308
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guralnik%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=15031308
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferrucci%20L%5BAuthor%5D&cauthor=true&cauthor_uid=15031308
https://www.ncbi.nlm.nih.gov/pubmed/?term=Scarabin%20PY%5BAuthor%5D&cauthor=true&cauthor_uid=9843166
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aillaud%20MF%5BAuthor%5D&cauthor=true&cauthor_uid=9843166
https://www.ncbi.nlm.nih.gov/pubmed/?term=Amouyel%20P%5BAuthor%5D&cauthor=true&cauthor_uid=9843166
https://www.ncbi.nlm.nih.gov/pubmed/?term=Evans%20A%5BAuthor%5D&cauthor=true&cauthor_uid=9843166
https://www.ncbi.nlm.nih.gov/pubmed/?term=Luc%20G%5BAuthor%5D&cauthor=true&cauthor_uid=9843166
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferri%C3%A8res%20J%5BAuthor%5D&cauthor=true&cauthor_uid=9843166
https://www.ncbi.nlm.nih.gov/pubmed/?term=Arveiler%20D%5BAuthor%5D&cauthor=true&cauthor_uid=9843166
https://www.ncbi.nlm.nih.gov/pubmed/?term=Juhan-Vague%20I%5BAuthor%5D&cauthor=true&cauthor_uid=9843166
https://www.ncbi.nlm.nih.gov/pubmed/?term=Juhan-Vague%20I%5BAuthor%5D&cauthor=true&cauthor_uid=9843166
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tracy%20RP%5BAuthor%5D&cauthor=true&cauthor_uid=1342301
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bovill%20EG%5BAuthor%5D&cauthor=true&cauthor_uid=1342301
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fried%20LP%5BAuthor%5D&cauthor=true&cauthor_uid=1342301
https://www.ncbi.nlm.nih.gov/pubmed/?term=Heiss%20G%5BAuthor%5D&cauthor=true&cauthor_uid=1342301
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=1342301
https://www.ncbi.nlm.nih.gov/pubmed/?term=Polak%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=1342301
https://www.ncbi.nlm.nih.gov/pubmed/?term=Psaty%20BM%5BAuthor%5D&cauthor=true&cauthor_uid=1342301
https://www.ncbi.nlm.nih.gov/pubmed/?term=Savage%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=1342301
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pieper%20CF%5BAuthor%5D&cauthor=true&cauthor_uid=11078094
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rao%20KM%5BAuthor%5D&cauthor=true&cauthor_uid=11078094
https://www.ncbi.nlm.nih.gov/pubmed/?term=Currie%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=11078094
https://www.ncbi.nlm.nih.gov/pubmed/?term=Harris%20TB%5BAuthor%5D&cauthor=true&cauthor_uid=11078094
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cohen%20HJ%5BAuthor%5D&cauthor=true&cauthor_uid=11078094

[198] Hager K, Felicetti M, Seefried G, Platt D. Fibrinogen and aging. Aging (Milano). 1994;
6:133-138

[199] Takeshita K, Yamamoto K, Ito M, Kondo T, Matsushita T, Hirai M, Kojima T, Nishimura
M, Nabeshima Y, Loskutoff DJ, Saito H, Murohara T. Increased expression of plasminogen
activator inhibitor-1 with fibrin deposition in a murine model of aging, “Klotho” mouse. Semin
Thromb Hemost. 2002; 28:545-554.

[200] Conlan MG, Folsom AR, Finch A, Davis CE, Sorlie P, Marcucci G, Wu KK. Associations of
factor VIII and von Willebrand factor with age, race, sex, and risk factors for atherosclerosis. The
Atherosclerosis Risk in Communities (ARIC) Study. Thromb Haemost. 1993; 70:380-385.

[201] Tofler GH, Massaro J, Levy D, Mittleman M, Sutherland P, Lipinska [, Muller
JE, D'Agostino RB. Relation of the prothrombotic state to increasing age (from the Framingham
Offspring Study). Am J Cardiol. 2005; 96:1280-1283. [PubMed: 16253598]

[202] Yamamoto K, Takeshita K, Shimokawa T,Yi H,Isobe K, Loskutoff DJ, Saito H.
Plasminogen activator inhibitor-1 is a major stress-regulated gene: implications for stress-induced
thrombosis in aged individuals. Proc Natl Acad Sci U S A. 2002; 99:890-895.

[203] Bonaccio M, Di Castelnuovo A, De Curtis A, Costanzo S, Persichillo M, Donati MB, Cerletti
C, lacoviello L, de Gaetano G; Moli-sani Project Investigators. Adherence to the Mediterranean diet
is associated with lower platelet and leukocyte counts: results from the Moli-sani study. Blood.
2014;123:3037-44.

[204] Bonaccio M, Pounis G, Cerletti C, Donati MB, lacoviello L, de Gaetano G; MOLI-
SANI Study Investigators. Mediterranean diet, dietary polyphenols and low grade inflammation:
results from the MOLI-SANI study. Br J Clin Pharmacol. 2017;83:107-13.

[205] Pounis G, Bonaccio M, Di Castelnuovo A, Costanzo S, de Curtis A, Persichillo M, Sieri
S, Donati MB, Cerletti C, de Gaetano G, lacoviello L. Polyphenol intake is associated with low-
grade inflammation, using a novel data analysis from the Moli-sani study. Thromb Haemost. 2016
Jan;115(2):344-52.

[206] Fong Y, Moldawer LL, Marano M, Wei H, Barber A, Manogue K, Tracey KJ, Kuo G,
Fischman DA, Cerami A, et al. Cachectin/TNF or IL-1 alpha induces cachexia with redistribution
of body proteins. Am J Physiol. 1989;256(3 Pt 2):R659-65.

[207] Beekman AT, Deeg DJ, Braam AW, Smit JH, van Tilburg W. Consequences of major
andminor depression in later life: a study of disability, well-being and service utilization. In Psychol
Med1997;vol. 27, no. 6, p. 1397-14009.

75


https://www.ncbi.nlm.nih.gov/pubmed/?term=Takeshita%20K%5BAuthor%5D&cauthor=true&cauthor_uid=12536348
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yamamoto%20K%5BAuthor%5D&cauthor=true&cauthor_uid=12536348
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ito%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12536348
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kondo%20T%5BAuthor%5D&cauthor=true&cauthor_uid=12536348
https://www.ncbi.nlm.nih.gov/pubmed/?term=Matsushita%20T%5BAuthor%5D&cauthor=true&cauthor_uid=12536348
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hirai%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12536348
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kojima%20T%5BAuthor%5D&cauthor=true&cauthor_uid=12536348
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nishimura%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12536348
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nishimura%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12536348
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nishimura%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12536348
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nabeshima%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=12536348
https://www.ncbi.nlm.nih.gov/pubmed/?term=Loskutoff%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=12536348
https://www.ncbi.nlm.nih.gov/pubmed/?term=Saito%20H%5BAuthor%5D&cauthor=true&cauthor_uid=12536348
https://www.ncbi.nlm.nih.gov/pubmed/?term=Murohara%20T%5BAuthor%5D&cauthor=true&cauthor_uid=12536348
https://www.ncbi.nlm.nih.gov/pubmed/?term=Conlan%20MG%5BAuthor%5D&cauthor=true&cauthor_uid=8259533
https://www.ncbi.nlm.nih.gov/pubmed/?term=Folsom%20AR%5BAuthor%5D&cauthor=true&cauthor_uid=8259533
https://www.ncbi.nlm.nih.gov/pubmed/?term=Finch%20A%5BAuthor%5D&cauthor=true&cauthor_uid=8259533
https://www.ncbi.nlm.nih.gov/pubmed/?term=Davis%20CE%5BAuthor%5D&cauthor=true&cauthor_uid=8259533
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sorlie%20P%5BAuthor%5D&cauthor=true&cauthor_uid=8259533
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marcucci%20G%5BAuthor%5D&cauthor=true&cauthor_uid=8259533
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20KK%5BAuthor%5D&cauthor=true&cauthor_uid=8259533
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tofler%20GH%5BAuthor%5D&cauthor=true&cauthor_uid=16253598
https://www.ncbi.nlm.nih.gov/pubmed/?term=Massaro%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16253598
https://www.ncbi.nlm.nih.gov/pubmed/?term=Levy%20D%5BAuthor%5D&cauthor=true&cauthor_uid=16253598
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mittleman%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16253598
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sutherland%20P%5BAuthor%5D&cauthor=true&cauthor_uid=16253598
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lipinska%20I%5BAuthor%5D&cauthor=true&cauthor_uid=16253598
https://www.ncbi.nlm.nih.gov/pubmed/?term=Muller%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=16253598
https://www.ncbi.nlm.nih.gov/pubmed/?term=Muller%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=16253598
https://www.ncbi.nlm.nih.gov/pubmed/?term=Muller%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=16253598
https://www.ncbi.nlm.nih.gov/pubmed/?term=D%27Agostino%20RB%5BAuthor%5D&cauthor=true&cauthor_uid=16253598
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yamamoto%20K%5BAuthor%5D&cauthor=true&cauthor_uid=11792849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Takeshita%20K%5BAuthor%5D&cauthor=true&cauthor_uid=11792849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shimokawa%20T%5BAuthor%5D&cauthor=true&cauthor_uid=11792849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yi%20H%5BAuthor%5D&cauthor=true&cauthor_uid=11792849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Isobe%20K%5BAuthor%5D&cauthor=true&cauthor_uid=11792849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Loskutoff%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=11792849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Saito%20H%5BAuthor%5D&cauthor=true&cauthor_uid=11792849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bonaccio%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24687087
https://www.ncbi.nlm.nih.gov/pubmed/?term=Di%20Castelnuovo%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24687087
https://www.ncbi.nlm.nih.gov/pubmed/?term=De%20Curtis%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24687087
https://www.ncbi.nlm.nih.gov/pubmed/?term=Costanzo%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24687087
https://www.ncbi.nlm.nih.gov/pubmed/?term=Persichillo%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24687087
https://www.ncbi.nlm.nih.gov/pubmed/?term=Donati%20MB%5BAuthor%5D&cauthor=true&cauthor_uid=24687087
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cerletti%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24687087
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cerletti%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24687087
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cerletti%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24687087
https://www.ncbi.nlm.nih.gov/pubmed/?term=Iacoviello%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24687087
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Gaetano%20G%5BAuthor%5D&cauthor=true&cauthor_uid=24687087
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moli-sani%20Project%20Investigators%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bonaccio%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26935858
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pounis%20G%5BAuthor%5D&cauthor=true&cauthor_uid=26935858
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cerletti%20C%5BAuthor%5D&cauthor=true&cauthor_uid=26935858
https://www.ncbi.nlm.nih.gov/pubmed/?term=Donati%20MB%5BAuthor%5D&cauthor=true&cauthor_uid=26935858
https://www.ncbi.nlm.nih.gov/pubmed/?term=Iacoviello%20L%5BAuthor%5D&cauthor=true&cauthor_uid=26935858
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Gaetano%20G%5BAuthor%5D&cauthor=true&cauthor_uid=26935858
https://www.ncbi.nlm.nih.gov/pubmed/?term=MOLI-SANI%20Study%20Investigators%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=MOLI-SANI%20Study%20Investigators%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pounis%20G%5BAuthor%5D&cauthor=true&cauthor_uid=26355794
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bonaccio%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26355794
https://www.ncbi.nlm.nih.gov/pubmed/?term=Di%20Castelnuovo%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26355794
https://www.ncbi.nlm.nih.gov/pubmed/?term=Costanzo%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26355794
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Curtis%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26355794
https://www.ncbi.nlm.nih.gov/pubmed/?term=Persichillo%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26355794
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sieri%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26355794
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sieri%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26355794
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sieri%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26355794
https://www.ncbi.nlm.nih.gov/pubmed/?term=Donati%20MB%5BAuthor%5D&cauthor=true&cauthor_uid=26355794
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cerletti%20C%5BAuthor%5D&cauthor=true&cauthor_uid=26355794
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Gaetano%20G%5BAuthor%5D&cauthor=true&cauthor_uid=26355794
https://www.ncbi.nlm.nih.gov/pubmed/?term=Iacoviello%20L%5BAuthor%5D&cauthor=true&cauthor_uid=26355794

[208] Beekman AT, Bremmer MA, Deeg DJ, van Balkom AJ, Smit JH, de Beurs E, van Dyck
R,van Tilburg W. Anxiety disorders in later life. A report from the Longitudinal Aging Study
Amsterdam. In: Int J Geriatr Psychiatry 1998; vol. 13, no. 10, p. 717-726.

[209] Van Tilburg TG, Havens B de Jong Gierveld J. Loneliness among older adults in the
Netherlands, Italy and Canada: A multifaceted comparison. In Canadian Journal on Aging 2004;
vol. 23, p. 169-180.

[210] Jonker AA, Comijs HC, Knipscheer KC, Deeg DG. The role of coping resources on change in
well-being during persistent health decline. In: J Aging Health2009;vol. 21, no.8, p.1063-1082.
[211] Comijs HC, Dik MI, Deeg DJH, Jonker C. The course of cognitive decline in older persons.
Results from the Longitudinal Aging Study Amsterdam. In Dementia and Geriatric Cognitive
Disorders2004;vol. 17, p. 136-142.

[212] Comijs HC, Dik MlI, Aartsen MJ, Deeg DJ, Jonker C. The impact of change in cognitive
functioning and cognitive decline on disability, well-being, and the use of healthcare services in
older persons. Results of Longitudinal Aging Study Amsterdam. In Dementia and Geriatric
Cognitive Disorders2005;vol. 19, no. 5-6, p. 316-323.

[213] Levers MJ, Estabrooks CA, Ross Kerr JC. Factors contributing to frailty: literature review. J
Adv Nurs 2006; vol. 56, no. 3, p. 282-291.

[214] Gobbens RJ, Luijkx KG, Wijnen-Sponselee MT, Schols JMGA. In search of an integral
conceptual definition of frailty. Opinions of experts. In J Am Med Dir Assoc 2010; vol. 11, no. 5, p.
338-343.

[215] Baltes MM, Carstensen LL. Social-psychological theories and their applications to aging:
From individual to collective. In Bengtson VL, Ruth JE, Schaie KW (eds.), Handbook of theories
ofaging 1999; p. 209-226.

[216] Beekman AT, Copeland JR, Prince MJ. Review of community prevalence of depression in
later life. Br J Psychiatry 1999; 174:307-311.

[217] Cole MG, Bellavance F, Mansour A. Prognosis of depression in elderly community and
primary care populations: a systematic review and meta-analysis. Am J Psychiatry 1999; 156:1182-
1189.

[218] Lupdn J, Gonzalez B, Santaeugenia S, Altimir S, Urrutia A, Méas D, Diez C, Pascual T, Cano
L, Valle V. Prognostic implication of frailty and depressive symptoms in an outpatient population
with heart failure. Rev Esp Cardiol 2008; 61:835-842.

[219] ten Doesschate MC, Koeter MW, Bockting CL, Schene AH; DELTA Study Group. Health
related quality of life in recurrent depression: a comparison with a general population sample. J
Affect Disord 2010; 120:126-132.

76


https://www.ncbi.nlm.nih.gov/pubmed/?term=Lup%C3%B3n%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18684366
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gonz%C3%A1lez%20B%5BAuthor%5D&cauthor=true&cauthor_uid=18684366
https://www.ncbi.nlm.nih.gov/pubmed/?term=Santaeugenia%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18684366
https://www.ncbi.nlm.nih.gov/pubmed/?term=Altimir%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18684366
https://www.ncbi.nlm.nih.gov/pubmed/?term=Urrutia%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18684366
https://www.ncbi.nlm.nih.gov/pubmed/?term=M%C3%A1s%20D%5BAuthor%5D&cauthor=true&cauthor_uid=18684366
https://www.ncbi.nlm.nih.gov/pubmed/?term=D%C3%ADez%20C%5BAuthor%5D&cauthor=true&cauthor_uid=18684366
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pascual%20T%5BAuthor%5D&cauthor=true&cauthor_uid=18684366
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cano%20L%5BAuthor%5D&cauthor=true&cauthor_uid=18684366
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cano%20L%5BAuthor%5D&cauthor=true&cauthor_uid=18684366
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cano%20L%5BAuthor%5D&cauthor=true&cauthor_uid=18684366
https://www.ncbi.nlm.nih.gov/pubmed/?term=Valle%20V%5BAuthor%5D&cauthor=true&cauthor_uid=18684366
https://www.ncbi.nlm.nih.gov/pubmed/?term=ten%20Doesschate%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=19446342
https://www.ncbi.nlm.nih.gov/pubmed/?term=Koeter%20MW%5BAuthor%5D&cauthor=true&cauthor_uid=19446342
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bockting%20CL%5BAuthor%5D&cauthor=true&cauthor_uid=19446342
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schene%20AH%5BAuthor%5D&cauthor=true&cauthor_uid=19446342
https://www.ncbi.nlm.nih.gov/pubmed/?term=DELTA%20Study%20Group%5BCorporate%20Author%5D

[220] Cuijpers P, de Graaf R, van Dorsselaer S. Minor depression: risk profiles, functional
disability, health care use and risk of developing major depression. J Affect Disord 2004; 79:71-79.
[221] Strawbridge WJ, Shema SJ, Balfour JL, Higby HR, Kaplan GA. Antecedents of frailty over
three decades in an older cohort. J Gerontol B Psychol Sci Soc Sci 1998; 53:59-16.

[222] Newman AB, Gottdiener JS, Mcburnie MA, Hirsch CH, Kop WJ, Tracy R, Walston JD, Fried
LP; Cardiovascular Health Study Research Group. Associations of subclinical cardiovascular
disease with frailty. J Gerontol A Biol Sci Med Sci. 2001;56(3):M158-M166.

[223] Paulson D, Lichtenberg PA.Vascular depression: an early warning sign of frailty. Aging
Ment Health. 2013;17(1):85-93.

[224] Walston J, McBurnie MA, Newman A, Tracy RP, Kop WJ, Hirsch CH, Gottdiener J, Fried
LP; Cardiovascular Health Study. Frailty and activation of the inflammation and coagulation
systems with and without clinical comorbidities: results from the cardiovascular health study. Arch
Intern Med. 2002;162(20):2333-2341.

[225] Leng SX, Xue Q-L, Tian J, Walston JD, Fried LP. Inflammation and frailty in older women. J
Am Geriatr Soc. 2007;55(6):864-871.

[226] Mezuk B, Lohman M, Dumenci L, Lapane KL. Are depression and frailty overlapping
syndromes in mid- and late-life? A latent variable analysis. Am J Geriatr Psychiatry.
2013;21(6):560-569.

[227] Rodriguez-Manas L, Féart C, Mann G, Vifa J, Chatterji S, Chodzko-Zajko W, Gonzalez-
Colaco Harmand M, Bergman H, Carcaillon L, Nicholson C, Scuteri A, Sinclair A, Pelaez M, Van
der Cammen T, Beland F, Bickenbach J, Delamarche P, Ferrucci L, Fried LP, Gutiérrez-Robledo
LM, Rockwood K, Rodriguez Artalejo F, Serviddio G, Vega E; FOD-CC group. Searching for an
operational definition of frailty: a Delphi method based consensus statement. The Frailty Operative
Definition-Consensus Conference Project. J Gerontol A Biol Sci Med Sci. 2013;68(1):62-67.

[228] Vaughan L, Corbin AL, Goveas JS. Depression and frailty in later life: a systematic review.
Clinical Interventions in Aging 2015;10 1947-1958.

[229] Soysal P, Veronese N, Thompson T, Kahl KG, Fernandes BS, Prina AM, Solmi M, Schofield
P, Koyanagi A, Tseng PT, Lin PY,Chu CS, Cosco TD, Cesari M, Carvalho AF, Stubbs B.
Relationship between depression and frailty in older adults: A systematic review and meta-analysis.
Ageing Research Reviews 2017;36 (2017) 78-87.

[230] Boyle PA, Buchman AS, Wilson RS, Leurgans SE, Bennett DA. Physical frailty is associated
with incident mild cognitive impairment in community-based older persons. J. Am. Geriatr. Soc.
2010;58, 248-255.

77


https://www.ncbi.nlm.nih.gov/pubmed/?term=Strawbridge%20WJ%5BAuthor%5D&cauthor=true&cauthor_uid=9469175
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shema%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=9469175
https://www.ncbi.nlm.nih.gov/pubmed/?term=Balfour%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=9469175
https://www.ncbi.nlm.nih.gov/pubmed/?term=Higby%20HR%5BAuthor%5D&cauthor=true&cauthor_uid=9469175
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kaplan%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=9469175
https://www.ncbi.nlm.nih.gov/pubmed/?term=Newman%20AB%5BAuthor%5D&cauthor=true&cauthor_uid=11253157
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gottdiener%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=11253157
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mcburnie%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=11253157
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hirsch%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=11253157
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kop%20WJ%5BAuthor%5D&cauthor=true&cauthor_uid=11253157
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tracy%20R%5BAuthor%5D&cauthor=true&cauthor_uid=11253157
https://www.ncbi.nlm.nih.gov/pubmed/?term=Walston%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=11253157
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fried%20LP%5BAuthor%5D&cauthor=true&cauthor_uid=11253157
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fried%20LP%5BAuthor%5D&cauthor=true&cauthor_uid=11253157
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fried%20LP%5BAuthor%5D&cauthor=true&cauthor_uid=11253157
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cardiovascular%20Health%20Study%20Research%20Group%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Walston%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12418947
https://www.ncbi.nlm.nih.gov/pubmed/?term=McBurnie%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=12418947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Newman%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12418947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tracy%20RP%5BAuthor%5D&cauthor=true&cauthor_uid=12418947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kop%20WJ%5BAuthor%5D&cauthor=true&cauthor_uid=12418947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hirsch%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=12418947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gottdiener%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12418947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fried%20LP%5BAuthor%5D&cauthor=true&cauthor_uid=12418947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fried%20LP%5BAuthor%5D&cauthor=true&cauthor_uid=12418947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fried%20LP%5BAuthor%5D&cauthor=true&cauthor_uid=12418947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cardiovascular%20Health%20Study%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rodr%C3%ADguez-Ma%C3%B1as%20L%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=F%C3%A9art%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mann%20G%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vi%C3%B1a%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chatterji%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chodzko-Zajko%20W%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gonzalez-Cola%C3%A7o%20Harmand%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gonzalez-Cola%C3%A7o%20Harmand%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bergman%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carcaillon%20L%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nicholson%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Scuteri%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sinclair%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pelaez%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20der%20Cammen%20T%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20der%20Cammen%20T%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20der%20Cammen%20T%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Beland%20F%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bickenbach%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Delamarche%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferrucci%20L%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fried%20LP%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guti%C3%A9rrez-Robledo%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guti%C3%A9rrez-Robledo%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rockwood%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rodr%C3%ADguez%20Artalejo%20F%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Serviddio%20G%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vega%20E%5BAuthor%5D&cauthor=true&cauthor_uid=22511289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Soysal%20P%5BAuthor%5D&cauthor=true&cauthor_uid=28366616
https://www.ncbi.nlm.nih.gov/pubmed/?term=Veronese%20N%5BAuthor%5D&cauthor=true&cauthor_uid=28366616
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thompson%20T%5BAuthor%5D&cauthor=true&cauthor_uid=28366616
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kahl%20KG%5BAuthor%5D&cauthor=true&cauthor_uid=28366616
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fernandes%20BS%5BAuthor%5D&cauthor=true&cauthor_uid=28366616
https://www.ncbi.nlm.nih.gov/pubmed/?term=Prina%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=28366616
https://www.ncbi.nlm.nih.gov/pubmed/?term=Solmi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28366616
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schofield%20P%5BAuthor%5D&cauthor=true&cauthor_uid=28366616
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schofield%20P%5BAuthor%5D&cauthor=true&cauthor_uid=28366616
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schofield%20P%5BAuthor%5D&cauthor=true&cauthor_uid=28366616
https://www.ncbi.nlm.nih.gov/pubmed/?term=Koyanagi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28366616
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tseng%20PT%5BAuthor%5D&cauthor=true&cauthor_uid=28366616
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lin%20PY%5BAuthor%5D&cauthor=true&cauthor_uid=28366616
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chu%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=28366616
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cosco%20TD%5BAuthor%5D&cauthor=true&cauthor_uid=28366616
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cesari%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28366616
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carvalho%20AF%5BAuthor%5D&cauthor=true&cauthor_uid=28366616
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stubbs%20B%5BAuthor%5D&cauthor=true&cauthor_uid=28366616

[231] Sugimoto T, Sakurai T, Ono R, Kimura A, Saji N, Niida S, Toba K, Chen LK, Arai H.
Epidemiological and clinical significance of cognitive frailty: a mini review. Ageing Res. Rev.
2018;44, 1-7.

[232] Gauthier S, Reisberg B, Zaudig M, Petersen RC, Ritchie K, Broich K, Belleville S, Brodaty
H, Bennett D, Chertkow H, Cummings JL,de Leon M, Feldman H, Ganguli M, Hampel
H, Scheltens P, Tierney MC, Whitehouse P, Winblad B; International Psychogeriatric Association
Expert Conference on mild cognitive impairment. Mild Cognitive Impairment. Lancet. 2006 Apr
15;367(9518):1262-70.

[233] Kelaiditi E, Cesari M, Canevelli M, van Kan GA, Ousset PJ, Gillette-Guyonnet S, Ritz
P, Duveau F, Soto ME, Provencher V, Nourhashemi F, Salva A, Robert P, Andrieu S, Rolland
Y, Touchon J, Fitten JL, Vellas B; IANA/IAGG. Cognitive frailty: rational and definition from an
(ILANN.A/1.LA.G.G.) international consensus group. J. Nutr. Health Aging 2013;17,726—734.

[234] Fougere B, Delrieu J, Del Campo N, Soriano G, Sourdet S, Vellas B. Cognitive frailty:
mechanisms, tools to measure, prevention and controversy. Clin. Geriatr. Med. 2017;33, 339-355.
[235] Gallucci M, Piovesan C, Di Battista ME. Associations between the frailty index and brain
atrophy: the treviso dementia (TREDEM) registry. J Alzheimers Dis. 2018;62, 1623-1634.

[236] Shimada H, Makizako H, Doi T, Yoshida D, Tsutsumimoto K, Anan Y, Uemura K, Ito T, Lee
S, Park H, Suzuki T. Combined prevalence of frailty and mild cognitive impairment in a population
of elderly Japanese people. J. Am. Med. Dir. Assoc. 2013;14, 518-524.

[237] Jacobs JM, Cohen A, Ein-Mor E, Maaravi Y, Stessman J. Frailty, cognitive impairment and
mortality among the oldest old. J. Nutr. Health Aging 201; 15, 678-682.

[238] Matusik P, Tomaszewski K, Chmielowska K, Nowak J, Nowak W, Parnicka A, Dubiel
M, Gasowski J, Grodzicki T. Severe frailty and cognitive impairment are related to higher mortality
in 12-month follow-up of nursing home residents. Arch. Gerontol. Geriatr. 2012;55, 22-24.

[239] Forti P, Maioli F, Lega MV, Montanari L, Coraini F, Zoli M. Combination of the clock
drawing test with the physical phenotype of frailty for the prediction of mortality and other adverse
outcomes in older community dwellers without dementia. Gerontology 2014;60, 204-211.

[240] Jha SR, Hannu MK, Gore K, Chang S, Newton P, Wilhelm K, Hayward CS, Jabbour
A, Kotlyar E, Keogh A, Dhital K, Granger E,Jansz P, Spratt PM, Montgomery E, Harkess
M, Tunicliff P, Davidson PM, Macdonald PS. Cognitive impairment improves the predictive
validity of physical frailty for mortality in patients with advanced heart failure referred for heart
transplantation. J. Heart Lung Transplant. 2016;35, 1092-1100.

78


https://www.ncbi.nlm.nih.gov/pubmed/?term=Sugimoto%20T%5BAuthor%5D&cauthor=true&cauthor_uid=29544875
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sakurai%20T%5BAuthor%5D&cauthor=true&cauthor_uid=29544875
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ono%20R%5BAuthor%5D&cauthor=true&cauthor_uid=29544875
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kimura%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29544875
https://www.ncbi.nlm.nih.gov/pubmed/?term=Saji%20N%5BAuthor%5D&cauthor=true&cauthor_uid=29544875
https://www.ncbi.nlm.nih.gov/pubmed/?term=Niida%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29544875
https://www.ncbi.nlm.nih.gov/pubmed/?term=Toba%20K%5BAuthor%5D&cauthor=true&cauthor_uid=29544875
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20LK%5BAuthor%5D&cauthor=true&cauthor_uid=29544875
https://www.ncbi.nlm.nih.gov/pubmed/?term=Arai%20H%5BAuthor%5D&cauthor=true&cauthor_uid=29544875
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gauthier%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16631882
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reisberg%20B%5BAuthor%5D&cauthor=true&cauthor_uid=16631882
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zaudig%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16631882
https://www.ncbi.nlm.nih.gov/pubmed/?term=Petersen%20RC%5BAuthor%5D&cauthor=true&cauthor_uid=16631882
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ritchie%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16631882
https://www.ncbi.nlm.nih.gov/pubmed/?term=Broich%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16631882
https://www.ncbi.nlm.nih.gov/pubmed/?term=Belleville%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16631882
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brodaty%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16631882
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brodaty%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16631882
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brodaty%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16631882
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bennett%20D%5BAuthor%5D&cauthor=true&cauthor_uid=16631882
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chertkow%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16631882
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cummings%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=16631882
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Leon%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16631882
https://www.ncbi.nlm.nih.gov/pubmed/?term=Feldman%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16631882
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ganguli%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16631882
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hampel%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16631882
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hampel%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16631882
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hampel%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16631882
https://www.ncbi.nlm.nih.gov/pubmed/?term=Scheltens%20P%5BAuthor%5D&cauthor=true&cauthor_uid=16631882
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tierney%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=16631882
https://www.ncbi.nlm.nih.gov/pubmed/?term=Whitehouse%20P%5BAuthor%5D&cauthor=true&cauthor_uid=16631882
https://www.ncbi.nlm.nih.gov/pubmed/?term=Winblad%20B%5BAuthor%5D&cauthor=true&cauthor_uid=16631882
https://www.ncbi.nlm.nih.gov/pubmed/?term=International%20Psychogeriatric%20Association%20Expert%20Conference%20on%20mild%20cognitive%20impairment%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=International%20Psychogeriatric%20Association%20Expert%20Conference%20on%20mild%20cognitive%20impairment%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=International%20Psychogeriatric%20Association%20Expert%20Conference%20on%20mild%20cognitive%20impairment%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/16631882
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kelaiditi%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24154642
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cesari%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24154642
https://www.ncbi.nlm.nih.gov/pubmed/?term=Canevelli%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24154642
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Kan%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=24154642
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ousset%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=24154642
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gillette-Guyonnet%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24154642
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ritz%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24154642
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ritz%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24154642
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ritz%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24154642
https://www.ncbi.nlm.nih.gov/pubmed/?term=Duveau%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24154642
https://www.ncbi.nlm.nih.gov/pubmed/?term=Soto%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=24154642
https://www.ncbi.nlm.nih.gov/pubmed/?term=Provencher%20V%5BAuthor%5D&cauthor=true&cauthor_uid=24154642
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nourhashemi%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24154642
https://www.ncbi.nlm.nih.gov/pubmed/?term=Salv%C3%A0%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24154642
https://www.ncbi.nlm.nih.gov/pubmed/?term=Robert%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24154642
https://www.ncbi.nlm.nih.gov/pubmed/?term=Andrieu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24154642
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rolland%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=24154642
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rolland%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=24154642
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rolland%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=24154642
https://www.ncbi.nlm.nih.gov/pubmed/?term=Touchon%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24154642
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fitten%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=24154642
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vellas%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24154642
https://www.ncbi.nlm.nih.gov/pubmed/?term=IANA%2FIAGG%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shimada%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23669054
https://www.ncbi.nlm.nih.gov/pubmed/?term=Makizako%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23669054
https://www.ncbi.nlm.nih.gov/pubmed/?term=Doi%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23669054
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yoshida%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23669054
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tsutsumimoto%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23669054
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anan%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23669054
https://www.ncbi.nlm.nih.gov/pubmed/?term=Uemura%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23669054
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ito%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23669054
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23669054
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23669054
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23669054
https://www.ncbi.nlm.nih.gov/pubmed/?term=Park%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23669054
https://www.ncbi.nlm.nih.gov/pubmed/?term=Suzuki%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23669054
https://www.ncbi.nlm.nih.gov/pubmed/?term=Matusik%20P%5BAuthor%5D&cauthor=true&cauthor_uid=21764151
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tomaszewski%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21764151
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chmielowska%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21764151
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nowak%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21764151
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nowak%20W%5BAuthor%5D&cauthor=true&cauthor_uid=21764151
https://www.ncbi.nlm.nih.gov/pubmed/?term=Parnicka%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21764151
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dubiel%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21764151
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dubiel%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21764151
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dubiel%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21764151
https://www.ncbi.nlm.nih.gov/pubmed/?term=G%C4%85sowski%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21764151
https://www.ncbi.nlm.nih.gov/pubmed/?term=Grodzicki%20T%5BAuthor%5D&cauthor=true&cauthor_uid=21764151
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jha%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=27282417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hannu%20MK%5BAuthor%5D&cauthor=true&cauthor_uid=27282417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gore%20K%5BAuthor%5D&cauthor=true&cauthor_uid=27282417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chang%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27282417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Newton%20P%5BAuthor%5D&cauthor=true&cauthor_uid=27282417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wilhelm%20K%5BAuthor%5D&cauthor=true&cauthor_uid=27282417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hayward%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=27282417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jabbour%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27282417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jabbour%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27282417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jabbour%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27282417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kotlyar%20E%5BAuthor%5D&cauthor=true&cauthor_uid=27282417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Keogh%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27282417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dhital%20K%5BAuthor%5D&cauthor=true&cauthor_uid=27282417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Granger%20E%5BAuthor%5D&cauthor=true&cauthor_uid=27282417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jansz%20P%5BAuthor%5D&cauthor=true&cauthor_uid=27282417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Spratt%20PM%5BAuthor%5D&cauthor=true&cauthor_uid=27282417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Montgomery%20E%5BAuthor%5D&cauthor=true&cauthor_uid=27282417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Harkess%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27282417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Harkess%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27282417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Harkess%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27282417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tunicliff%20P%5BAuthor%5D&cauthor=true&cauthor_uid=27282417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Davidson%20PM%5BAuthor%5D&cauthor=true&cauthor_uid=27282417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Macdonald%20PS%5BAuthor%5D&cauthor=true&cauthor_uid=27282417

[241] Feng L, Zin Nyunt MS, Gao Q, Feng L, Yap KB, Ng TP. Cognitive frailty and adverse health
outcomes: findings from the Singapore longitudinal ageing studies (SLAS). J. Am. Med. Dir.
Assoc. 2017;18, 252-258.

[242] Lee Y, Kim J, Chon D, Lee KE, Kim JH, Myeong S, Kim S. The effects of frailty and
cognitive impairment on 3-year mortality in older adults. Maturitas 2018;107, 50-55.

[243] Luo L, Yang M, Hao Q, Yue J, Dong, B. Cross-sectional study examining the association
between metabolic syndrome and cognitive function among the oldest old. J. Am. Med. Dir. Assoc.
2013; 14, 105-108.

[244] Hao Q, Song X, Yang M, Dong B, Rockwood K. Understanding risk in the oldest old: frailty
and the metabolic syndrome in a Chinese community sample aged 90 C years. J. Nutr. Health
Aging 2016; 20, 82-88.

[245] Ferrucci L, Guralnik JM, Studenski S, Fried LP, Cutler GB Jr, Walston JD; Interventions on
Frailty Working Group. Designing randomized, controlled trials aimed at preventing or delaying
functional decline and disability in frail, older persons: A consensus report. J Am Geriatr Soc. 2004
Apr;52(4):625-34.

[246] Petersen RC, Smith GE, Waring SC, Ivnik RJ, Tangalos EG, Kokmen E. Mild cognitive
impairment: Clinical characterization and outcome. Arch Neurol 1999;56:303-308

[247] Winblad B, Palmer K, Kivipelto M, Jelic V, Fratiglioni L, Wahlund LO, Nordberg
A, Béckman L, Albert M, Almkvist O, Arai H, Basun H, Blennow K, de Leon M, DeCarli
C, Erkinjuntti T, Giacobini E, Graff C, Hardy J, Jack C, Jorm A, Ritchie K, van Duijn C, Visser
P, Petersen RC. Mild cognitive impairment beyond controversies, towards a consensus: Report of
the International Working Group on Mild Cognitive Impairment. J Intern Med 2004;256:240-246.
[248] Albert MS, DeKosky ST, Dickson D, Dubois B, Feldman HH, Fox NC, Gamst A, Holtzman
DM, Jagust WJ, Petersen RC, Snyder PJ, Carrillo MC, Thies B, Phelps CH. The diagnosis of mild
cognitive impairment due to Alzheimer’s disease: Recommendations from the National Institute on
Aging-Alzheimer’s Association workgroups on diagnostic guidelines for Alzheimer’s disease.
Alzheimers Dement 2011;7:270-279.

[249] Lopez OL,Jagust WJ, DeKosky ST, Becker JT, Fitzpatrick A, Dulberg C, Breitner
J, Lyketsos C, Jones B, Kawas C, Carlson M, Kuller LH. Prevalence and classification of mild
cognitive impairment in the Cardiovascular Health Study Cognition Study: Part 1. Arch Neurol
2003;60:1385-1389.

[250] Mitnitski AB, Song X, Rockwood K. The estimation of relative fitness and frailty in
community-dwelling older adults using self-report data. J Gerontol A Biol Sci Med Sci
2004;59:M627-M632.

79


https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=29169580
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20J%5BAuthor%5D&cauthor=true&cauthor_uid=29169580
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chon%20D%5BAuthor%5D&cauthor=true&cauthor_uid=29169580
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20KE%5BAuthor%5D&cauthor=true&cauthor_uid=29169580
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=29169580
https://www.ncbi.nlm.nih.gov/pubmed/?term=Myeong%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29169580
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29169580
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferrucci%20L%5BAuthor%5D&cauthor=true&cauthor_uid=15066083
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guralnik%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=15066083
https://www.ncbi.nlm.nih.gov/pubmed/?term=Studenski%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15066083
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fried%20LP%5BAuthor%5D&cauthor=true&cauthor_uid=15066083
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cutler%20GB%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=15066083
https://www.ncbi.nlm.nih.gov/pubmed/?term=Walston%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=15066083
https://www.ncbi.nlm.nih.gov/pubmed/?term=Interventions%20on%20Frailty%20Working%20Group%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Interventions%20on%20Frailty%20Working%20Group%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Interventions%20on%20Frailty%20Working%20Group%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferrucci+L%2C+Guralnik+JM%2C+Studenski+S%2C+et+al.+Designing+randomized%2C+controlled+trials+aimed+at+preventing+or+delaying+functional+decline+and+disability+in+frail%2C+older+persons%3A+A+consensus+report.+J+Am+Geriatr+Soc+2004%3B+52%3A625e634.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Petersen%20RC%5BAuthor%5D&cauthor=true&cauthor_uid=10190820
https://www.ncbi.nlm.nih.gov/pubmed/?term=Smith%20GE%5BAuthor%5D&cauthor=true&cauthor_uid=10190820
https://www.ncbi.nlm.nih.gov/pubmed/?term=Waring%20SC%5BAuthor%5D&cauthor=true&cauthor_uid=10190820
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ivnik%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=10190820
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tangalos%20EG%5BAuthor%5D&cauthor=true&cauthor_uid=10190820
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kokmen%20E%5BAuthor%5D&cauthor=true&cauthor_uid=10190820
https://www.ncbi.nlm.nih.gov/pubmed/?term=Winblad%20B%5BAuthor%5D&cauthor=true&cauthor_uid=15324367
https://www.ncbi.nlm.nih.gov/pubmed/?term=Palmer%20K%5BAuthor%5D&cauthor=true&cauthor_uid=15324367
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kivipelto%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15324367
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jelic%20V%5BAuthor%5D&cauthor=true&cauthor_uid=15324367
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fratiglioni%20L%5BAuthor%5D&cauthor=true&cauthor_uid=15324367
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wahlund%20LO%5BAuthor%5D&cauthor=true&cauthor_uid=15324367
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nordberg%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15324367
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nordberg%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15324367
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nordberg%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15324367
https://www.ncbi.nlm.nih.gov/pubmed/?term=B%C3%A4ckman%20L%5BAuthor%5D&cauthor=true&cauthor_uid=15324367
https://www.ncbi.nlm.nih.gov/pubmed/?term=Albert%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15324367
https://www.ncbi.nlm.nih.gov/pubmed/?term=Almkvist%20O%5BAuthor%5D&cauthor=true&cauthor_uid=15324367
https://www.ncbi.nlm.nih.gov/pubmed/?term=Arai%20H%5BAuthor%5D&cauthor=true&cauthor_uid=15324367
https://www.ncbi.nlm.nih.gov/pubmed/?term=Basun%20H%5BAuthor%5D&cauthor=true&cauthor_uid=15324367
https://www.ncbi.nlm.nih.gov/pubmed/?term=Blennow%20K%5BAuthor%5D&cauthor=true&cauthor_uid=15324367
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Leon%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15324367
https://www.ncbi.nlm.nih.gov/pubmed/?term=DeCarli%20C%5BAuthor%5D&cauthor=true&cauthor_uid=15324367
https://www.ncbi.nlm.nih.gov/pubmed/?term=DeCarli%20C%5BAuthor%5D&cauthor=true&cauthor_uid=15324367
https://www.ncbi.nlm.nih.gov/pubmed/?term=DeCarli%20C%5BAuthor%5D&cauthor=true&cauthor_uid=15324367
https://www.ncbi.nlm.nih.gov/pubmed/?term=Erkinjuntti%20T%5BAuthor%5D&cauthor=true&cauthor_uid=15324367
https://www.ncbi.nlm.nih.gov/pubmed/?term=Giacobini%20E%5BAuthor%5D&cauthor=true&cauthor_uid=15324367
https://www.ncbi.nlm.nih.gov/pubmed/?term=Graff%20C%5BAuthor%5D&cauthor=true&cauthor_uid=15324367
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hardy%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15324367
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jack%20C%5BAuthor%5D&cauthor=true&cauthor_uid=15324367
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jorm%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15324367
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ritchie%20K%5BAuthor%5D&cauthor=true&cauthor_uid=15324367
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Duijn%20C%5BAuthor%5D&cauthor=true&cauthor_uid=15324367
https://www.ncbi.nlm.nih.gov/pubmed/?term=Visser%20P%5BAuthor%5D&cauthor=true&cauthor_uid=15324367
https://www.ncbi.nlm.nih.gov/pubmed/?term=Visser%20P%5BAuthor%5D&cauthor=true&cauthor_uid=15324367
https://www.ncbi.nlm.nih.gov/pubmed/?term=Visser%20P%5BAuthor%5D&cauthor=true&cauthor_uid=15324367
https://www.ncbi.nlm.nih.gov/pubmed/?term=Petersen%20RC%5BAuthor%5D&cauthor=true&cauthor_uid=15324367
https://www.ncbi.nlm.nih.gov/pubmed/?term=Albert%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=21514249
https://www.ncbi.nlm.nih.gov/pubmed/?term=DeKosky%20ST%5BAuthor%5D&cauthor=true&cauthor_uid=21514249
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dickson%20D%5BAuthor%5D&cauthor=true&cauthor_uid=21514249
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dubois%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21514249
https://www.ncbi.nlm.nih.gov/pubmed/?term=Feldman%20HH%5BAuthor%5D&cauthor=true&cauthor_uid=21514249
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fox%20NC%5BAuthor%5D&cauthor=true&cauthor_uid=21514249
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gamst%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21514249
https://www.ncbi.nlm.nih.gov/pubmed/?term=Holtzman%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=21514249
https://www.ncbi.nlm.nih.gov/pubmed/?term=Holtzman%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=21514249
https://www.ncbi.nlm.nih.gov/pubmed/?term=Holtzman%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=21514249
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jagust%20WJ%5BAuthor%5D&cauthor=true&cauthor_uid=21514249
https://www.ncbi.nlm.nih.gov/pubmed/?term=Petersen%20RC%5BAuthor%5D&cauthor=true&cauthor_uid=21514249
https://www.ncbi.nlm.nih.gov/pubmed/?term=Snyder%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=21514249
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carrillo%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=21514249
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thies%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21514249
https://www.ncbi.nlm.nih.gov/pubmed/?term=Phelps%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=21514249
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lopez%20OL%5BAuthor%5D&cauthor=true&cauthor_uid=14568808
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jagust%20WJ%5BAuthor%5D&cauthor=true&cauthor_uid=14568808
https://www.ncbi.nlm.nih.gov/pubmed/?term=DeKosky%20ST%5BAuthor%5D&cauthor=true&cauthor_uid=14568808
https://www.ncbi.nlm.nih.gov/pubmed/?term=Becker%20JT%5BAuthor%5D&cauthor=true&cauthor_uid=14568808
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fitzpatrick%20A%5BAuthor%5D&cauthor=true&cauthor_uid=14568808
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dulberg%20C%5BAuthor%5D&cauthor=true&cauthor_uid=14568808
https://www.ncbi.nlm.nih.gov/pubmed/?term=Breitner%20J%5BAuthor%5D&cauthor=true&cauthor_uid=14568808
https://www.ncbi.nlm.nih.gov/pubmed/?term=Breitner%20J%5BAuthor%5D&cauthor=true&cauthor_uid=14568808
https://www.ncbi.nlm.nih.gov/pubmed/?term=Breitner%20J%5BAuthor%5D&cauthor=true&cauthor_uid=14568808
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lyketsos%20C%5BAuthor%5D&cauthor=true&cauthor_uid=14568808
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jones%20B%5BAuthor%5D&cauthor=true&cauthor_uid=14568808
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kawas%20C%5BAuthor%5D&cauthor=true&cauthor_uid=14568808
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carlson%20M%5BAuthor%5D&cauthor=true&cauthor_uid=14568808
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kuller%20LH%5BAuthor%5D&cauthor=true&cauthor_uid=14568808

[251] Buchman AS, Boyle PA, Wilson RS, Tang Y, Bennett DA. Frailty is associated with incident
Alzheimer’s disease and cognitive decline in the elderly. Psychosom Med 2007;69:483-489.

[252] Brigola AG, Rossetti ES, Dos Santos BR, Neri AL, Zazzetta MS, Inouye K, Pavarini SCI.
Relationship between cognition and frailty in elderly: A systematic review. Dement
Neuropsychol. 2015 Apr-Jun;9(2):110-119.

[253] Jessen F, Amariglio RE,van Boxtel M, Breteler M, Ceccaldi M, Chételat G, Dubois
B, Dufouil C, Ellis KA, van der Flier WM, Glodzik L, van Harten AC,de Leon MJ, McHugh
P, Mielke MM, Molinuevo JL, Mosconi L, Osorio RS, Perrotin A, Petersen RC, Rabin LA, Rami
L, Reisberg B, Rentz DM, Sachdev PS,de la Sayette V, Saykin AJ, Scheltens P, Shulman
MB, Slavin  MJ, Sperling RA, Stewart R, Uspenskaya O, Vellas B, Visser PJ, Wagner
M; Subjective Cognitive Decline Initiative (SCD-I) Working Group. Subjective Cognitive Decline
Initiative (SCD-I)Working Group. A conceptual framework for research on subjective cognitive
decline in preclinical Alzheimer’s disease. Alzheimers Dement 2014;10, 844-852

[254] Robertson DA, Savva GM, Kenny RA. Frailty and cognitive impairment-A review of the
evidence and causal mechanisms. Ageing Research Reviews2013; Volume 12, Issue 4, Pages 840-
851

[255] Panza F, Lozupone M, Solfrizzi V, Sardone R, Dibello V, Di Lena L, D'Urso F, Stallone
R, Petruzzi M, Giannelli G, Quaranta N, Bellomo A, Greco A, Daniele A, Seripa D, Logroscino G.
Different Cognitive Frailty Models and Health-and Cognitive-related Outcomes in Older Age: From
Epidemiology to Prevention. Journal of Alzheimer’s Disease 62 (2018) 993-1012

[256] lacoviello L, Bonanni A, Costanzo S, et al. The Moli-sani Project, a randomized, prospective
cohort study in the Molise region in Italy; design, rationale and objectives. Italian J Public Health
2007;4:110.

[257] O’Brien E,Waeber B, Parati G, Staessen J, Myers MG. Blood pressure measuring devices:
recommendations of the European Society of Hypertension. BMJ. 2001;322:531-6

[258] Franklin SS, Gustin W 4th, Wong ND, Larson MG, Weber MA, Kannel WB, Levy D.
Hemodynamic patterns of age-related changes in blood pressure. The Framingham Heart Study.
Circulation. 1997;96:308-15

[259] http://www ktl.fi/publications/monica/bp/bpga.htm

[260] Bavazzano A, Bandinelli S, Berni G, Biagini CA, Calvani D, Carriero G, Cavallini MC, Dotti
MT, Gabbani L, Galantini P, Giraldi M, Mossello E, Tonelli L. La fragilita dell’anziano, LINEA
GUIDA Consiglio Sanitario Regionale Regione Toscana. SNL Regioni 21, 2016

80


https://www.ncbi.nlm.nih.gov/pubmed/?term=Buchman%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=17556640
https://www.ncbi.nlm.nih.gov/pubmed/?term=Boyle%20PA%5BAuthor%5D&cauthor=true&cauthor_uid=17556640
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wilson%20RS%5BAuthor%5D&cauthor=true&cauthor_uid=17556640
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=17556640
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bennett%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=17556640
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brigola%20AG%5BAuthor%5D&cauthor=true&cauthor_uid=29213952
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rossetti%20ES%5BAuthor%5D&cauthor=true&cauthor_uid=29213952
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dos%20Santos%20BR%5BAuthor%5D&cauthor=true&cauthor_uid=29213952
https://www.ncbi.nlm.nih.gov/pubmed/?term=Neri%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=29213952
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zazzetta%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=29213952
https://www.ncbi.nlm.nih.gov/pubmed/?term=Inouye%20K%5BAuthor%5D&cauthor=true&cauthor_uid=29213952
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pavarini%20SCI%5BAuthor%5D&cauthor=true&cauthor_uid=29213952
https://www.ncbi.nlm.nih.gov/pubmed/29213952
https://www.ncbi.nlm.nih.gov/pubmed/29213952
https://www.ncbi.nlm.nih.gov/pubmed/29213952
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jessen%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=Amariglio%20RE%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Boxtel%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=Breteler%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ceccaldi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ch%C3%A9telat%20G%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dubois%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dubois%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dubois%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dufouil%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ellis%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20der%20Flier%20WM%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=Glodzik%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Harten%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Leon%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=McHugh%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=McHugh%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=McHugh%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mielke%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=Molinuevo%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mosconi%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=Osorio%20RS%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=Perrotin%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=Petersen%20RC%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rabin%20LA%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rami%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rami%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rami%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reisberg%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rentz%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sachdev%20PS%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20la%20Sayette%20V%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=Saykin%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=Scheltens%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shulman%20MB%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shulman%20MB%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shulman%20MB%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=Slavin%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sperling%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stewart%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=Uspenskaya%20O%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vellas%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=Visser%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wagner%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wagner%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wagner%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24798886
https://www.ncbi.nlm.nih.gov/pubmed/?term=Subjective%20Cognitive%20Decline%20Initiative%20(SCD-I)%20Working%20Group%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Panza%20F%5BAuthor%5D&cauthor=true&cauthor_uid=29562543
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lozupone%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29562543
https://www.ncbi.nlm.nih.gov/pubmed/?term=Solfrizzi%20V%5BAuthor%5D&cauthor=true&cauthor_uid=29562543
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sardone%20R%5BAuthor%5D&cauthor=true&cauthor_uid=29562543
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dibello%20V%5BAuthor%5D&cauthor=true&cauthor_uid=29562543
https://www.ncbi.nlm.nih.gov/pubmed/?term=Di%20Lena%20L%5BAuthor%5D&cauthor=true&cauthor_uid=29562543
https://www.ncbi.nlm.nih.gov/pubmed/?term=D%27Urso%20F%5BAuthor%5D&cauthor=true&cauthor_uid=29562543
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stallone%20R%5BAuthor%5D&cauthor=true&cauthor_uid=29562543
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stallone%20R%5BAuthor%5D&cauthor=true&cauthor_uid=29562543
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stallone%20R%5BAuthor%5D&cauthor=true&cauthor_uid=29562543
https://www.ncbi.nlm.nih.gov/pubmed/?term=Petruzzi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29562543
https://www.ncbi.nlm.nih.gov/pubmed/?term=Giannelli%20G%5BAuthor%5D&cauthor=true&cauthor_uid=29562543
https://www.ncbi.nlm.nih.gov/pubmed/?term=Quaranta%20N%5BAuthor%5D&cauthor=true&cauthor_uid=29562543
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bellomo%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29562543
https://www.ncbi.nlm.nih.gov/pubmed/?term=Greco%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29562543
https://www.ncbi.nlm.nih.gov/pubmed/?term=Daniele%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29562543
https://www.ncbi.nlm.nih.gov/pubmed/?term=Seripa%20D%5BAuthor%5D&cauthor=true&cauthor_uid=29562543
https://www.ncbi.nlm.nih.gov/pubmed/?term=Logroscino%20G%5BAuthor%5D&cauthor=true&cauthor_uid=29562543
https://www.ncbi.nlm.nih.gov/pubmed/?term=Franklin%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=9236450
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gustin%20W%204th%5BAuthor%5D&cauthor=true&cauthor_uid=9236450
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wong%20ND%5BAuthor%5D&cauthor=true&cauthor_uid=9236450
https://www.ncbi.nlm.nih.gov/pubmed/?term=Larson%20MG%5BAuthor%5D&cauthor=true&cauthor_uid=9236450
https://www.ncbi.nlm.nih.gov/pubmed/?term=Weber%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=9236450
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kannel%20WB%5BAuthor%5D&cauthor=true&cauthor_uid=9236450
https://www.ncbi.nlm.nih.gov/pubmed/?term=Levy%20D%5BAuthor%5D&cauthor=true&cauthor_uid=9236450

[261] Romero-Ortuno R et al. A Frailty Instrument for primary care: findings from the Survey of
Health, Ageing and Retirement in Europe (SHARE). BMC Geriatrics 2010, 10:57

[262] Roberts HC, Denison HJ, Martin HJ, Patel HP, Syddall H, Cooper C, Sayer AA. A review of
the measurement of grip strength in clinical and epidemiological studies: towards a standardized
approach. Age and Ageing 2011; 40: 423-429

[263] Pala V, Sieri S, Palli D, Salvini S, Berrino F, Bellegotti M, Frasca G, Tumino R, Sacerdote
C, Fiorini L, Celentano E, Galasso R, Krogh V. Diet in the Italian EPIC cohorts: presentation of
data and methodological issues. Tumori. 2003;89(6): 594-607.

[264] Pisani P, Faggiano F, Krogh V, Palli D, Vineis P, Berrino F. Relative validity and
reproducibility of a food frequency dietary questionnaire for use in the Italian EPIC centres. Int J
Epidemiol. 1997; 26(suppl 1):S152-S160.

[265] Trichopoulou A, Costacou T, Bamia C, Trichopoulos D. Adherence to a Mediterranean diet
and survival in a Greek population. N Engl J Med. 2003;348(26):2599-2608.

[266] Italian food composition tables. Istituto Nazionale di Ricerca per gli Alimenti e la nutrizione.
http://www.inran.it/646/tabelle_di_composizione_degli_alimenti.html

[267] Nasreddine ZS, Phillips NA, Bédirian V, Charbonneau S, Whitehead V, Collin I, Cummings
JL, Chertkow H. The Montreal Cognitive Assessment, MoCA: a brief screening tool for mild
cognitive impairment. J Am Geriatr Soc. 2005 Apr;53(4):695-9

[268] Ware JE, Sherbourne CD. The MOS 36-item short-form health survey (SF-36). 1. Conceptual
framework and item selection.Med Care. 1992 Jun;30(6):473-83.

[269] Apolone G, Mosconi P. The Italian SF-36 Health Survey: translation, validation and norming.
J Clin Epidemiol. 1998 Nov;51(11):1025-36.

[270] Bonaccio M, Di Castelnuovo A, Pounis G, De Curtis A, Costanzo S, Persichillo M, Cerletti
C, Donati MB, de Gaetano G, lacoviello L; Moli-sani Study Investigators. A score of low-grade
inflammation and risk of mortality: prospective findings from the Moli-sani study. Haematologica
2016 VVolume 101(11):1434-1441

[271] Pounis G, Bonaccio M, Di Castelnuovo A, Costanzo S, de Curtis A, Persichillo M, Sieri
S, Donati MB, Cerletti C, de Gaetano G, lacoviello L. Polyphenol intake is associated with low-
grade inflammation, using a novel data analysis from the Moli-sani study. Thromb Haemost.
2015;115(2):344-352.

[272] Ainsworth BE, Haskell WL, Whitt MC, Irwin ML, Swartz AM, Strath SJ, O'Brien WL,
Bassett DR Jr, Schmitz KH, Emplaincourt PO, Jacobs DR J, Leon AS.
Compendium of physical activities: an update of activity codes and MET intensities. Med Sci
Sports Exerc. 2000 Sep;32(9 Suppl):S498-504.

81


https://www.ncbi.nlm.nih.gov/pubmed/?term=Roberts%20HC%5BAuthor%5D&cauthor=true&cauthor_uid=21624928
https://www.ncbi.nlm.nih.gov/pubmed/?term=Denison%20HJ%5BAuthor%5D&cauthor=true&cauthor_uid=21624928
https://www.ncbi.nlm.nih.gov/pubmed/?term=Martin%20HJ%5BAuthor%5D&cauthor=true&cauthor_uid=21624928
https://www.ncbi.nlm.nih.gov/pubmed/?term=Patel%20HP%5BAuthor%5D&cauthor=true&cauthor_uid=21624928
https://www.ncbi.nlm.nih.gov/pubmed/?term=Syddall%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21624928
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cooper%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21624928
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sayer%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=21624928
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pala%20V%5BAuthor%5D&cauthor=true&cauthor_uid=14870824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sieri%20S%5BAuthor%5D&cauthor=true&cauthor_uid=14870824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Palli%20D%5BAuthor%5D&cauthor=true&cauthor_uid=14870824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Salvini%20S%5BAuthor%5D&cauthor=true&cauthor_uid=14870824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Berrino%20F%5BAuthor%5D&cauthor=true&cauthor_uid=14870824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bellegotti%20M%5BAuthor%5D&cauthor=true&cauthor_uid=14870824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Frasca%20G%5BAuthor%5D&cauthor=true&cauthor_uid=14870824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tumino%20R%5BAuthor%5D&cauthor=true&cauthor_uid=14870824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sacerdote%20C%5BAuthor%5D&cauthor=true&cauthor_uid=14870824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sacerdote%20C%5BAuthor%5D&cauthor=true&cauthor_uid=14870824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sacerdote%20C%5BAuthor%5D&cauthor=true&cauthor_uid=14870824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fiorini%20L%5BAuthor%5D&cauthor=true&cauthor_uid=14870824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Celentano%20E%5BAuthor%5D&cauthor=true&cauthor_uid=14870824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Galasso%20R%5BAuthor%5D&cauthor=true&cauthor_uid=14870824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Krogh%20V%5BAuthor%5D&cauthor=true&cauthor_uid=14870824
http://www.inran.it/646/tabelle_di_composizione_degli_alimenti.html
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nasreddine%20ZS%5BAuthor%5D&cauthor=true&cauthor_uid=15817019
https://www.ncbi.nlm.nih.gov/pubmed/?term=Phillips%20NA%5BAuthor%5D&cauthor=true&cauthor_uid=15817019
https://www.ncbi.nlm.nih.gov/pubmed/?term=B%C3%A9dirian%20V%5BAuthor%5D&cauthor=true&cauthor_uid=15817019
https://www.ncbi.nlm.nih.gov/pubmed/?term=Charbonneau%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15817019
https://www.ncbi.nlm.nih.gov/pubmed/?term=Whitehead%20V%5BAuthor%5D&cauthor=true&cauthor_uid=15817019
https://www.ncbi.nlm.nih.gov/pubmed/?term=Collin%20I%5BAuthor%5D&cauthor=true&cauthor_uid=15817019
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cummings%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=15817019
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cummings%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=15817019
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cummings%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=15817019
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chertkow%20H%5BAuthor%5D&cauthor=true&cauthor_uid=15817019
https://www.ncbi.nlm.nih.gov/pubmed/15817019
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ware%20JE%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=1593914
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sherbourne%20CD%5BAuthor%5D&cauthor=true&cauthor_uid=1593914
https://www.ncbi.nlm.nih.gov/pubmed/1593914
https://www.ncbi.nlm.nih.gov/pubmed/?term=Apolone%20G%5BAuthor%5D&cauthor=true&cauthor_uid=9817120
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mosconi%20P%5BAuthor%5D&cauthor=true&cauthor_uid=9817120
https://www.ncbi.nlm.nih.gov/pubmed/9817120
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bonaccio%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27742767
https://www.ncbi.nlm.nih.gov/pubmed/?term=Di%20Castelnuovo%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27742767
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pounis%20G%5BAuthor%5D&cauthor=true&cauthor_uid=27742767
https://www.ncbi.nlm.nih.gov/pubmed/?term=De%20Curtis%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27742767
https://www.ncbi.nlm.nih.gov/pubmed/?term=Costanzo%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27742767
https://www.ncbi.nlm.nih.gov/pubmed/?term=Persichillo%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27742767
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cerletti%20C%5BAuthor%5D&cauthor=true&cauthor_uid=27742767
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cerletti%20C%5BAuthor%5D&cauthor=true&cauthor_uid=27742767
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cerletti%20C%5BAuthor%5D&cauthor=true&cauthor_uid=27742767
https://www.ncbi.nlm.nih.gov/pubmed/?term=Donati%20MB%5BAuthor%5D&cauthor=true&cauthor_uid=27742767
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Gaetano%20G%5BAuthor%5D&cauthor=true&cauthor_uid=27742767
https://www.ncbi.nlm.nih.gov/pubmed/?term=Iacoviello%20L%5BAuthor%5D&cauthor=true&cauthor_uid=27742767
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moli-sani%20Study%20Investigators%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pounis%20G%5BAuthor%5D&cauthor=true&cauthor_uid=26355794
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bonaccio%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26355794
https://www.ncbi.nlm.nih.gov/pubmed/?term=Di%20Castelnuovo%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26355794
https://www.ncbi.nlm.nih.gov/pubmed/?term=Costanzo%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26355794
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Curtis%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26355794
https://www.ncbi.nlm.nih.gov/pubmed/?term=Persichillo%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26355794
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sieri%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26355794
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sieri%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26355794
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sieri%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26355794
https://www.ncbi.nlm.nih.gov/pubmed/?term=Donati%20MB%5BAuthor%5D&cauthor=true&cauthor_uid=26355794
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cerletti%20C%5BAuthor%5D&cauthor=true&cauthor_uid=26355794
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Gaetano%20G%5BAuthor%5D&cauthor=true&cauthor_uid=26355794
https://www.ncbi.nlm.nih.gov/pubmed/?term=Iacoviello%20L%5BAuthor%5D&cauthor=true&cauthor_uid=26355794
https://www.ncbi.nlm.nih.gov/pubmed/10993420

[273] Janssen |, Katzmarzyk PT, Ross R. Body mass index, waist circumference, and health
risk:evidence in support of current National Institutes of Health guidelines. Arch Intern Med.
2002;162(18):2074-2079.

[274] Nuorti JP, Butler JC, Farley MM, Harrison LH, McGeer A, Kolczak MS, Breiman RF. Active
Bacterial Core Surveillance Team. Cigarette smoking and invasive pneumococcal disease. N Engl J
Med. 2000;342(10):681-689.

[275] Joosten E, Detroyer E, Milisen K. Effect of anaemia on hand grip strength, walking speed,
functionality and 1 year mortality in older hospitalized patients. BMC Geriatr. 2016;16(1):153.
[276] Dudzinska-Griszek J, Szuster K, Szewieczek J. Grip strength as a frailty diagnostic
component in geriatric inpatients.Clin Interv Aging. 2017 Jul 26;12:1151-1157.

[277] Collard RM, Boter H, Schoevers RA, Oude Voshaar RC. Prevalence of frailty in
communitydwelling older persons: a systematic review. J Am Geriatr Soc. 2012; 60(8):1487-92.
[278] Song X, Mitnitski A, Rockwood K. Prevalence and 10-year outcomes of frailty in older adults
in relation to deficit accumulation. J Am Geriatr Soc. 2010; 58(4):681—7.

[279] Europe PMC Funders Group. Frailty in older people. Lancet. 2013 March 2; 381(9868): 752—
762.

[280] Wilkinson RG. Putting the picture together: prosperity, redistribution, health and welfare. In
Marmot M, Wilkinson RG (eds): Social Determinants of Health. New York, Oxford University
Press, 1999, pp 256-274.

[281] Santos-Eggimann B, Cuénoud P, Spagnoli J, Junod J. Prevalence of frailty in middle-aged
and older community dwelling Europeans living in 10 countries. The Journals ofGerontology.
Series A, Biological Sciences and Medical Sciences, 2009;64, 675-681.

[282] Stolz E, Mayerl H, Waxenegger A, Réasky E, Freidl W. Impact of socioeconomic position on
frailty trajectories in 10 European countries: evidence from the Survey of Health, Ageing and
Retirement in Europe (2004-2013). Journal ofEpidemiology and Community Health, 2017;71, 73—
80.

[283] Etman A, Kamphuis CB, van der Cammen TJ, Burdorf A, van Lenthe FJ. Do lifestyle, health
and social participation mediate educational inequalities in frailty worsening?.European Journal of
Public Health, 2015; 25, 345-350.

[284] Franse CB, van Grieken A, Qin L, Melis RJF, Rietjens JAC ,Raat H. Socioeconomic
inequalities in frailty and frailty components among community-dwelling older citizens. PL0oS One,
2017;12, e0187946.

[285] Gill TM, Gahbauer EA, Allore HG, Han L. Transitions between frailty states among
community-living older persons. Archives of Internal Medicine, 2006;166, 418-423.

82


https://www.ncbi.nlm.nih.gov/pubmed/?term=Nuorti%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=10706897
https://www.ncbi.nlm.nih.gov/pubmed/?term=Butler%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=10706897
https://www.ncbi.nlm.nih.gov/pubmed/?term=Farley%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=10706897
https://www.ncbi.nlm.nih.gov/pubmed/?term=Harrison%20LH%5BAuthor%5D&cauthor=true&cauthor_uid=10706897
https://www.ncbi.nlm.nih.gov/pubmed/?term=McGeer%20A%5BAuthor%5D&cauthor=true&cauthor_uid=10706897
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kolczak%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=10706897
https://www.ncbi.nlm.nih.gov/pubmed/?term=Breiman%20RF%5BAuthor%5D&cauthor=true&cauthor_uid=10706897
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dudzi%C5%84ska-Griszek%20J%5BAuthor%5D&cauthor=true&cauthor_uid=28794619
https://www.ncbi.nlm.nih.gov/pubmed/?term=Szuster%20K%5BAuthor%5D&cauthor=true&cauthor_uid=28794619
https://www.ncbi.nlm.nih.gov/pubmed/?term=Szewieczek%20J%5BAuthor%5D&cauthor=true&cauthor_uid=28794619
https://www.ncbi.nlm.nih.gov/pubmed/28794619

[286] Cheval B, Boisgontier MP, Orsholits D, Sieber S, Guessous I, Gabriel R, Cullati S.
Association of early- and adultlife socioeconomic circumstances with muscle strength in older age.
Age and Ageing, 2018; 47, 398-407.

[287] Hoogendijk EO, van Hout HP, Heymans MW, van der Horst HE, Frijters DH, Broese van
Groenou MI, Huisman M. Explaining the association between educational level and frailty in older
adults: results from a 13-year longitudinal study in the Netherlands. Annals of Epidemiology,
2014;24, 538-44.e2.

[288] Soler-Vila H, Garcia-Esquinas E, Le6n-Mufioz LM, L6pez-Garcia E, Banegas JR, Rodriguez-
Artalejo F. Contribution of health behaviours and clinical factors to socioeconomic differences in
frailty among older adults. Journalof Epidemiology and Community Health, 2016;70, 354-360.
[289] Strachan DP, Sheikh A. A life course approach to respiratory and allergic diseases. In Kuh D,
Ben Shlomo Y (Eds.). A life course approach to chronic disease epidemiology, 2004; pp.240-259.
[290] Vineis P, Kelly-Irving M, Rappaport S, Stringhini S. The biological embedding of social
differences in ageing trajectories. Journal of Epidemiology and Community Health, 2016; 70, 111-
113.

[291] Berkman LF, Glass T, Brissette I, Seeman TE. From social integration to health: Durkheim in
the new millennium. In Social Science & Medicine, 2000;vol. 51, p. 843-857.

[292] George LK. Social factors and illness. In Binstock RH and George LK (eds.), Handbook of
Aging and the Social Sciences ca: Academic Press, 1996 Fourth edition, p. 229-252.

[293] Penninx BWJH, van Tilburg TG, Kriegsman DMW, Boeke AJP, Deeg DJH, van Eijk JTM.
Social network, social support and loneliness in older persons with different chronic diseases. In
Journal of Aging and Health, 1999 vol. 11, p. 151-168.

[294] Vetrano DL, Palmer KM, Galluzzo L, Giampaoli S, Marengoni A, Bernabei R, Onder
G; Joint  Action ADVANTAGE WP4 group. Hypertension and frailty:  a systematic
review and meta-analysis. BMJ Open. 2018 Dec 28;8(12):e024406.

[295] Barzilay JI, Blaum C, Moore T, Xue QL, Hirsch CH, Walston JD, Fried LP. Insulin resistance
andinflammation as precursors of frailty: the Cardiovascular HealthStudy. Arch Intern Med
2007;167:635-41.

[296] Bouillon K, Kivimédki M, Hamer M, Shipley MJ, Akbaraly TN, Tabak A, Singh-Manoux
A, Batty GD. Diabetes risk factors,diabetes risk algorithms, and the prediction of future frailty:the
Whitehall Il prospective cohort study. J Am Med Dir Assoc2013;14:851.e1-€6.

[297] Castrejon-Pérez RC, Jiménez-Corona A, Bernabé E, Villa-Romero AR, Arrivé E, Dartigues
JF, Gutiérrez-Robledo LM, Borges-Yafiez SA. Oral disease and 3-year incidence of frailty in
Mexican older adults. JGerontol A Biol Sci Med Sci 2017;72:951-7.

83


https://www.ncbi.nlm.nih.gov/pubmed/?term=Vetrano%20DL%5BAuthor%5D&cauthor=true&cauthor_uid=30593554
https://www.ncbi.nlm.nih.gov/pubmed/?term=Palmer%20KM%5BAuthor%5D&cauthor=true&cauthor_uid=30593554
https://www.ncbi.nlm.nih.gov/pubmed/?term=Galluzzo%20L%5BAuthor%5D&cauthor=true&cauthor_uid=30593554
https://www.ncbi.nlm.nih.gov/pubmed/?term=Giampaoli%20S%5BAuthor%5D&cauthor=true&cauthor_uid=30593554
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marengoni%20A%5BAuthor%5D&cauthor=true&cauthor_uid=30593554
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bernabei%20R%5BAuthor%5D&cauthor=true&cauthor_uid=30593554
https://www.ncbi.nlm.nih.gov/pubmed/?term=Onder%20G%5BAuthor%5D&cauthor=true&cauthor_uid=30593554
https://www.ncbi.nlm.nih.gov/pubmed/?term=Onder%20G%5BAuthor%5D&cauthor=true&cauthor_uid=30593554
https://www.ncbi.nlm.nih.gov/pubmed/?term=Onder%20G%5BAuthor%5D&cauthor=true&cauthor_uid=30593554
https://www.ncbi.nlm.nih.gov/pubmed/?term=Joint%20Action%20ADVANTAGE%20WP4%20group%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/30593554
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barzilay%20JI%5BAuthor%5D&cauthor=true&cauthor_uid=17420420
https://www.ncbi.nlm.nih.gov/pubmed/?term=Blaum%20C%5BAuthor%5D&cauthor=true&cauthor_uid=17420420
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moore%20T%5BAuthor%5D&cauthor=true&cauthor_uid=17420420
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xue%20QL%5BAuthor%5D&cauthor=true&cauthor_uid=17420420
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hirsch%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=17420420
https://www.ncbi.nlm.nih.gov/pubmed/?term=Walston%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=17420420
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fried%20LP%5BAuthor%5D&cauthor=true&cauthor_uid=17420420
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bouillon%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24103860
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kivim%C3%A4ki%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24103860
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hamer%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24103860
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shipley%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=24103860
https://www.ncbi.nlm.nih.gov/pubmed/?term=Akbaraly%20TN%5BAuthor%5D&cauthor=true&cauthor_uid=24103860
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tabak%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24103860
https://www.ncbi.nlm.nih.gov/pubmed/?term=Singh-Manoux%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24103860
https://www.ncbi.nlm.nih.gov/pubmed/?term=Singh-Manoux%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24103860
https://www.ncbi.nlm.nih.gov/pubmed/?term=Batty%20GD%5BAuthor%5D&cauthor=true&cauthor_uid=24103860
https://www.ncbi.nlm.nih.gov/pubmed/?term=Castrej%C3%B3n-P%C3%A9rez%20RC%5BAuthor%5D&cauthor=true&cauthor_uid=28329793
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jim%C3%A9nez-Corona%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28329793
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bernab%C3%A9%20E%5BAuthor%5D&cauthor=true&cauthor_uid=28329793
https://www.ncbi.nlm.nih.gov/pubmed/?term=Villa-Romero%20AR%5BAuthor%5D&cauthor=true&cauthor_uid=28329793
https://www.ncbi.nlm.nih.gov/pubmed/?term=Arriv%C3%A9%20E%5BAuthor%5D&cauthor=true&cauthor_uid=28329793
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dartigues%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=28329793
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dartigues%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=28329793
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dartigues%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=28329793
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guti%C3%A9rrez-Robledo%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=28329793
https://www.ncbi.nlm.nih.gov/pubmed/?term=Borges-Y%C3%A1%C3%B1ez%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=28329793

[298] Doba N, Tokuda Y, Goldstein NE, Kushiro T, Hinohara S. A pilot trial to predict
frailtysyndrome: the Japanese Health Research Volunteer Study. ExpGerontol 2012;47:638-43.
[299] Bollwein J, Diekmann R, Kaiser MJ, Bauer JM, Uter W, Sieber CC, Volkert D. Dietary
quality is related to frailty in community-dwelling older adults. J Gerontol A Biol Sci Med Sci
2013;68: 483-489.

[300] Talegawkar SA, Bandinelli S, Bandeen-Roche K, Chen P, Milaneschi Y, Tanaka T, Semba
RD, Guralnik JM, Ferrucci L. A higher adherence to a Mediterranean-style diet is inversely
associated with the development of frailty in community-dwelling elderly men and women. J Nutr
2012;142: 2161-2166.

[301] Newman AB, Gottdiener JS, Mcburnie MA, Hirsch CH, Kop WJ, Tracy R, Walston JD, Fried
LP; Cardiovascular Health Study Research Group. Cardiovascular Health Study Research Group.
Associations of subclinical cardiovascular disease with frailty. J Gerontol A Biol Sci Med Sci
2001;56:M158-M166.

[302] Alonso-Bouzén C, Carcaillon L, Garcia-Garcia FJ, Amor-Andrés MS, EI  Assar
M, Rodriguez-Mafias L. Association between endothelial dysfunction and frailty: The Toledo Study
for Healthy Aging. Age (Dordr) 2014;36:495-505

[303] de Gonzalo-Calvo D, de Lux&n-Delgado B, Rodriguez-Gonzéalez S, Garcia-Macia M, Suérez
FM, Solano JJ, Rodriguez-Colunga MJ, Coto-Montes A. Oxidative protein damage is associated
with severe functional dependence among the elderly population: a principal component analysis
approach. J Gerontol A Biol Sci Med Sci. 2012;67:663-670.

[304] Nancy S. Jenny, Benjamin French, Alice M. Arnold, Elsa S. Strotmeyer, Mary Cushman,
Paulo H. M. Chaves, Jingzhong Ding, Linda P. Fried, Stephen B. Kritchevsky, Dena E. Rifkin,
Mark J. Sarnak, Anne B. Newman. Long-term assessment of inflammation and healthy aging in late
life: the cardiovascular health study all stars. J Gerontol A Biol Sci Med Sci. 2012;67:970-976.
[305] Cesari M, Kritchevsky SB, Nicklas B, Kanaya AM, Patrignani P, Tacconelli S, Tranah
GJ, Tognoni G, Harris TB, Incalzi RA, Newman AB, Pahor M; Health ABC study. Oxidative
damage, platelet activation, and inflammation to predict mobility disability and mortality in older
persons: results from the health aging and body composition study. J Gerontol A Biol Sci Med Sci.
2012;67:671-676.

[306] Fung TT, McCullough ML, Newby PK, Manson JE, Meigs JB, Rifai N, Willett WC, Hu FB.
Diet-quality scores and plasma concentrations of markers of inflammation and endothelial
dysfunction. Am J Clin Nutr. 2005;82:163-173.

84


https://www.ncbi.nlm.nih.gov/pubmed/?term=Doba%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22664579
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tokuda%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=22664579
https://www.ncbi.nlm.nih.gov/pubmed/?term=Goldstein%20NE%5BAuthor%5D&cauthor=true&cauthor_uid=22664579
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kushiro%20T%5BAuthor%5D&cauthor=true&cauthor_uid=22664579
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hinohara%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22664579
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bollwein%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23064817
https://www.ncbi.nlm.nih.gov/pubmed/?term=Diekmann%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23064817
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kaiser%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=23064817
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bauer%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=23064817
https://www.ncbi.nlm.nih.gov/pubmed/?term=Uter%20W%5BAuthor%5D&cauthor=true&cauthor_uid=23064817
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sieber%20CC%5BAuthor%5D&cauthor=true&cauthor_uid=23064817
https://www.ncbi.nlm.nih.gov/pubmed/?term=Volkert%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23064817
https://www.ncbi.nlm.nih.gov/pubmed/?term=Talegawkar%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=23096005
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bandinelli%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23096005
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bandeen-Roche%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23096005
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23096005
https://www.ncbi.nlm.nih.gov/pubmed/?term=Milaneschi%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23096005
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tanaka%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23096005
https://www.ncbi.nlm.nih.gov/pubmed/?term=Semba%20RD%5BAuthor%5D&cauthor=true&cauthor_uid=23096005
https://www.ncbi.nlm.nih.gov/pubmed/?term=Semba%20RD%5BAuthor%5D&cauthor=true&cauthor_uid=23096005
https://www.ncbi.nlm.nih.gov/pubmed/?term=Semba%20RD%5BAuthor%5D&cauthor=true&cauthor_uid=23096005
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guralnik%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=23096005
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferrucci%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23096005
https://www.ncbi.nlm.nih.gov/pubmed/?term=Newman%20AB%5BAuthor%5D&cauthor=true&cauthor_uid=11253157
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gottdiener%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=11253157
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mcburnie%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=11253157
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hirsch%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=11253157
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kop%20WJ%5BAuthor%5D&cauthor=true&cauthor_uid=11253157
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tracy%20R%5BAuthor%5D&cauthor=true&cauthor_uid=11253157
https://www.ncbi.nlm.nih.gov/pubmed/?term=Walston%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=11253157
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fried%20LP%5BAuthor%5D&cauthor=true&cauthor_uid=11253157
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fried%20LP%5BAuthor%5D&cauthor=true&cauthor_uid=11253157
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fried%20LP%5BAuthor%5D&cauthor=true&cauthor_uid=11253157
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cardiovascular%20Health%20Study%20Research%20Group%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alonso-Bouz%C3%B3n%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23959520
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carcaillon%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23959520
https://www.ncbi.nlm.nih.gov/pubmed/?term=Garc%C3%ADa-Garc%C3%ADa%20FJ%5BAuthor%5D&cauthor=true&cauthor_uid=23959520
https://www.ncbi.nlm.nih.gov/pubmed/?term=Amor-Andr%C3%A9s%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=23959520
https://www.ncbi.nlm.nih.gov/pubmed/?term=El%20Assar%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23959520
https://www.ncbi.nlm.nih.gov/pubmed/?term=El%20Assar%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23959520
https://www.ncbi.nlm.nih.gov/pubmed/?term=El%20Assar%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23959520
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rodr%C3%ADguez-Ma%C3%B1as%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23959520
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Gonzalo-Calvo%20D%5BAuthor%5D&cauthor=true&cauthor_uid=22179933
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Lux%C3%A1n-Delgado%20B%5BAuthor%5D&cauthor=true&cauthor_uid=22179933
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rodr%C3%ADguez-Gonz%C3%A1lez%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22179933
https://www.ncbi.nlm.nih.gov/pubmed/?term=Garc%C3%ADa-Macia%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22179933
https://www.ncbi.nlm.nih.gov/pubmed/?term=Su%C3%A1rez%20FM%5BAuthor%5D&cauthor=true&cauthor_uid=22179933
https://www.ncbi.nlm.nih.gov/pubmed/?term=Su%C3%A1rez%20FM%5BAuthor%5D&cauthor=true&cauthor_uid=22179933
https://www.ncbi.nlm.nih.gov/pubmed/?term=Su%C3%A1rez%20FM%5BAuthor%5D&cauthor=true&cauthor_uid=22179933
https://www.ncbi.nlm.nih.gov/pubmed/?term=Solano%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=22179933
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rodr%C3%ADguez-Colunga%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=22179933
https://www.ncbi.nlm.nih.gov/pubmed/?term=Coto-Montes%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22179933
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cesari%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22389462
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kritchevsky%20SB%5BAuthor%5D&cauthor=true&cauthor_uid=22389462
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nicklas%20B%5BAuthor%5D&cauthor=true&cauthor_uid=22389462
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kanaya%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=22389462
https://www.ncbi.nlm.nih.gov/pubmed/?term=Patrignani%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22389462
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tacconelli%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22389462
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tranah%20GJ%5BAuthor%5D&cauthor=true&cauthor_uid=22389462
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tranah%20GJ%5BAuthor%5D&cauthor=true&cauthor_uid=22389462
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tranah%20GJ%5BAuthor%5D&cauthor=true&cauthor_uid=22389462
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tognoni%20G%5BAuthor%5D&cauthor=true&cauthor_uid=22389462
https://www.ncbi.nlm.nih.gov/pubmed/?term=Harris%20TB%5BAuthor%5D&cauthor=true&cauthor_uid=22389462
https://www.ncbi.nlm.nih.gov/pubmed/?term=Incalzi%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=22389462
https://www.ncbi.nlm.nih.gov/pubmed/?term=Newman%20AB%5BAuthor%5D&cauthor=true&cauthor_uid=22389462
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pahor%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22389462
https://www.ncbi.nlm.nih.gov/pubmed/?term=Health%20ABC%20study%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fung%20TT%5BAuthor%5D&cauthor=true&cauthor_uid=16002815
https://www.ncbi.nlm.nih.gov/pubmed/?term=McCullough%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=16002815
https://www.ncbi.nlm.nih.gov/pubmed/?term=Newby%20PK%5BAuthor%5D&cauthor=true&cauthor_uid=16002815
https://www.ncbi.nlm.nih.gov/pubmed/?term=Manson%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=16002815
https://www.ncbi.nlm.nih.gov/pubmed/?term=Meigs%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=16002815
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rifai%20N%5BAuthor%5D&cauthor=true&cauthor_uid=16002815
https://www.ncbi.nlm.nih.gov/pubmed/?term=Willett%20WC%5BAuthor%5D&cauthor=true&cauthor_uid=16002815
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hu%20FB%5BAuthor%5D&cauthor=true&cauthor_uid=16002815

[307] Lopez-Garcia E, Schulze MB, Fung TT, Meigs JB, Rifai N, Manson JE, Hu FB. Major
dietary patterns are related to plasma concentrations of markers of inflammation and endothelial
dysfunction. Am J Clin Nutr. 2004;80:1029-1035.

[308] Mandl J, Csala M, Lérant |, Banhegyi G, Bir6 J, Machovich R, Falus A. Enhancement of
interleukin-6 production by fibrinogen degradation product D in human peripheral monocytes and
perfused murine liver. Scand J Immunol. 1995; 42:175-178.

[309] Robson SC, Shephard EG, Kirsch RE. Fibrin degradation product D-dimer induces the
synthesis and release of biologically active IL-1, IL-6, and plasminogen activator inhibitors from
monocytes in vitro. Br J Haematol. 1994; 86:322—-326.

[310] Ranieri P, Rozzini R, Franzoni S, Barbisoni P, Trabucchi M. Serum cholesterol levels as a
measure of frailty in elderly patients. Exp Aging Res. 1998 Apr-Jun;24(2):169-79.

[311] Korhonen MJ, lloméki J, Sluggett JK, Brookhart MA, Visvanathan R, Cooper T, Robson
L, Bell JS. Selective prescribing of statins and the risk of mortality, hospitalizations, and falls in
aged care services. J Clin Lipidol 2018;12(3):652—-61.

[312] LaCroix AZ, Gray SL, Aragaki A, Cochrane BB, Newman AB, Kooperberg CL, Black
H, Curb JD, Greenland P, Woods NF; Women's Health Initiative. Statin use and incident frailty in
women aged 65 years or older: prospective findings from the Women's Health Initiative
Observational Study. J Gerontol A Biol Sci Med Sci 2008;63(4):369-75.

[313] Langlois F, Vu TTM, Kergoat MJ, Chassé K, Dupuis G, Bherer L. The multiple dimensions
of frailty: physical capacity, cognition and quality of life. Int Psychogeriatr 2012;24:1429-1436.
[314] Petersen RC, Roberts RO, Knopman DS, Geda YE,Cha RH, Pankratz VS, Boeve
BF, Tangalos EG, Ivnik RJ, Rocca WA. Prevalence of mild cognitive impairment is higher in men.
The Mayo Clinic Study of Aging. Neurology 2010; 75:889-897.

[315] Lopez OL,Jagust WJ, DeKosky ST, Becker JT, Fitzpatrick A, Dulberg C, Breitner
J, Lyketsos C, Jones B, Kawas C, Carlson M, Kuller LH. Prevalence and classification of mild
cognitive impairment in the Cardiovascular Health Study Cognition Study: Part 1. Arch Neurol
2003;60:1385-1389.

[316] Avila-Funes JA, Amieva H, Barberger-Gateau P, Le Goff M, Raoux N, Ritchie K, Carriere
I, Tavernier B, Tzourio C, Gutiérrez-Robledo LM, Dartigues JF. Cognitive impairment improves
the predictive validity of the phenotype of frailty for adverse health outcomes: The three-city study.
J Am Geriatr Soc 2009;57:453-461.

[317] Cano C, Samper-Ternent R, Al Snih S, Markides K, Ottenbacher KJ. Frailty and cognitive
impairment as predictors of mortality in older Mexican Americans. J Nutr Health Aging 2012;
16:142-147.

85


https://www.ncbi.nlm.nih.gov/pubmed/?term=Lopez-Garcia%20E%5BAuthor%5D&cauthor=true&cauthor_uid=15447916
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schulze%20MB%5BAuthor%5D&cauthor=true&cauthor_uid=15447916
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fung%20TT%5BAuthor%5D&cauthor=true&cauthor_uid=15447916
https://www.ncbi.nlm.nih.gov/pubmed/?term=Meigs%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=15447916
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rifai%20N%5BAuthor%5D&cauthor=true&cauthor_uid=15447916
https://www.ncbi.nlm.nih.gov/pubmed/?term=Manson%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=15447916
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hu%20FB%5BAuthor%5D&cauthor=true&cauthor_uid=15447916
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mandl%20J%5BAuthor%5D&cauthor=true&cauthor_uid=7631139
https://www.ncbi.nlm.nih.gov/pubmed/?term=Csala%20M%5BAuthor%5D&cauthor=true&cauthor_uid=7631139
https://www.ncbi.nlm.nih.gov/pubmed/?term=L%C3%A9r%C3%A1nt%20I%5BAuthor%5D&cauthor=true&cauthor_uid=7631139
https://www.ncbi.nlm.nih.gov/pubmed/?term=B%C3%A1nhegyi%20G%5BAuthor%5D&cauthor=true&cauthor_uid=7631139
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bir%C3%B3%20J%5BAuthor%5D&cauthor=true&cauthor_uid=7631139
https://www.ncbi.nlm.nih.gov/pubmed/?term=Machovich%20R%5BAuthor%5D&cauthor=true&cauthor_uid=7631139
https://www.ncbi.nlm.nih.gov/pubmed/?term=Falus%20A%5BAuthor%5D&cauthor=true&cauthor_uid=7631139
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ranieri%20P%5BAuthor%5D&cauthor=true&cauthor_uid=9555569
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rozzini%20R%5BAuthor%5D&cauthor=true&cauthor_uid=9555569
https://www.ncbi.nlm.nih.gov/pubmed/?term=Franzoni%20S%5BAuthor%5D&cauthor=true&cauthor_uid=9555569
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barbisoni%20P%5BAuthor%5D&cauthor=true&cauthor_uid=9555569
https://www.ncbi.nlm.nih.gov/pubmed/?term=Trabucchi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=9555569
https://www.ncbi.nlm.nih.gov/pubmed/9555569
https://www.ncbi.nlm.nih.gov/pubmed/?term=Korhonen%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=29574073
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ilom%C3%A4ki%20J%5BAuthor%5D&cauthor=true&cauthor_uid=29574073
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sluggett%20JK%5BAuthor%5D&cauthor=true&cauthor_uid=29574073
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brookhart%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=29574073
https://www.ncbi.nlm.nih.gov/pubmed/?term=Visvanathan%20R%5BAuthor%5D&cauthor=true&cauthor_uid=29574073
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cooper%20T%5BAuthor%5D&cauthor=true&cauthor_uid=29574073
https://www.ncbi.nlm.nih.gov/pubmed/?term=Robson%20L%5BAuthor%5D&cauthor=true&cauthor_uid=29574073
https://www.ncbi.nlm.nih.gov/pubmed/?term=Robson%20L%5BAuthor%5D&cauthor=true&cauthor_uid=29574073
https://www.ncbi.nlm.nih.gov/pubmed/?term=Robson%20L%5BAuthor%5D&cauthor=true&cauthor_uid=29574073
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bell%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=29574073
https://www.ncbi.nlm.nih.gov/pubmed/?term=LaCroix%20AZ%5BAuthor%5D&cauthor=true&cauthor_uid=18426960
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gray%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=18426960
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aragaki%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18426960
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cochrane%20BB%5BAuthor%5D&cauthor=true&cauthor_uid=18426960
https://www.ncbi.nlm.nih.gov/pubmed/?term=Newman%20AB%5BAuthor%5D&cauthor=true&cauthor_uid=18426960
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kooperberg%20CL%5BAuthor%5D&cauthor=true&cauthor_uid=18426960
https://www.ncbi.nlm.nih.gov/pubmed/?term=Black%20H%5BAuthor%5D&cauthor=true&cauthor_uid=18426960
https://www.ncbi.nlm.nih.gov/pubmed/?term=Black%20H%5BAuthor%5D&cauthor=true&cauthor_uid=18426960
https://www.ncbi.nlm.nih.gov/pubmed/?term=Black%20H%5BAuthor%5D&cauthor=true&cauthor_uid=18426960
https://www.ncbi.nlm.nih.gov/pubmed/?term=Curb%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=18426960
https://www.ncbi.nlm.nih.gov/pubmed/?term=Greenland%20P%5BAuthor%5D&cauthor=true&cauthor_uid=18426960
https://www.ncbi.nlm.nih.gov/pubmed/?term=Woods%20NF%5BAuthor%5D&cauthor=true&cauthor_uid=18426960
https://www.ncbi.nlm.nih.gov/pubmed/?term=Women%27s%20Health%20Initiative%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Petersen%20RC%5BAuthor%5D&cauthor=true&cauthor_uid=20820000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Roberts%20RO%5BAuthor%5D&cauthor=true&cauthor_uid=20820000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Knopman%20DS%5BAuthor%5D&cauthor=true&cauthor_uid=20820000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Geda%20YE%5BAuthor%5D&cauthor=true&cauthor_uid=20820000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cha%20RH%5BAuthor%5D&cauthor=true&cauthor_uid=20820000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pankratz%20VS%5BAuthor%5D&cauthor=true&cauthor_uid=20820000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Boeve%20BF%5BAuthor%5D&cauthor=true&cauthor_uid=20820000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Boeve%20BF%5BAuthor%5D&cauthor=true&cauthor_uid=20820000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Boeve%20BF%5BAuthor%5D&cauthor=true&cauthor_uid=20820000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tangalos%20EG%5BAuthor%5D&cauthor=true&cauthor_uid=20820000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ivnik%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=20820000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rocca%20WA%5BAuthor%5D&cauthor=true&cauthor_uid=20820000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lopez%20OL%5BAuthor%5D&cauthor=true&cauthor_uid=14568808
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jagust%20WJ%5BAuthor%5D&cauthor=true&cauthor_uid=14568808
https://www.ncbi.nlm.nih.gov/pubmed/?term=DeKosky%20ST%5BAuthor%5D&cauthor=true&cauthor_uid=14568808
https://www.ncbi.nlm.nih.gov/pubmed/?term=Becker%20JT%5BAuthor%5D&cauthor=true&cauthor_uid=14568808
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fitzpatrick%20A%5BAuthor%5D&cauthor=true&cauthor_uid=14568808
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dulberg%20C%5BAuthor%5D&cauthor=true&cauthor_uid=14568808
https://www.ncbi.nlm.nih.gov/pubmed/?term=Breitner%20J%5BAuthor%5D&cauthor=true&cauthor_uid=14568808
https://www.ncbi.nlm.nih.gov/pubmed/?term=Breitner%20J%5BAuthor%5D&cauthor=true&cauthor_uid=14568808
https://www.ncbi.nlm.nih.gov/pubmed/?term=Breitner%20J%5BAuthor%5D&cauthor=true&cauthor_uid=14568808
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lyketsos%20C%5BAuthor%5D&cauthor=true&cauthor_uid=14568808
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jones%20B%5BAuthor%5D&cauthor=true&cauthor_uid=14568808
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kawas%20C%5BAuthor%5D&cauthor=true&cauthor_uid=14568808
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carlson%20M%5BAuthor%5D&cauthor=true&cauthor_uid=14568808
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kuller%20LH%5BAuthor%5D&cauthor=true&cauthor_uid=14568808
https://www.ncbi.nlm.nih.gov/pubmed/?term=Avila-Funes%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=19245415
https://www.ncbi.nlm.nih.gov/pubmed/?term=Amieva%20H%5BAuthor%5D&cauthor=true&cauthor_uid=19245415
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barberger-Gateau%20P%5BAuthor%5D&cauthor=true&cauthor_uid=19245415
https://www.ncbi.nlm.nih.gov/pubmed/?term=Le%20Goff%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19245415
https://www.ncbi.nlm.nih.gov/pubmed/?term=Raoux%20N%5BAuthor%5D&cauthor=true&cauthor_uid=19245415
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ritchie%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19245415
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carri%C3%A8re%20I%5BAuthor%5D&cauthor=true&cauthor_uid=19245415
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carri%C3%A8re%20I%5BAuthor%5D&cauthor=true&cauthor_uid=19245415
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carri%C3%A8re%20I%5BAuthor%5D&cauthor=true&cauthor_uid=19245415
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tavernier%20B%5BAuthor%5D&cauthor=true&cauthor_uid=19245415
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tzourio%20C%5BAuthor%5D&cauthor=true&cauthor_uid=19245415
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guti%C3%A9rrez-Robledo%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=19245415
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dartigues%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=19245415

