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Section 1. Definitions, incidences and risk factors of frailty

The aging process in an older adult is driven by multi-dimensional inputs that contribute 

to the individual’s overall progressive decline and ultimately death. These inputs span from 

biological, environmental, and gene-environment interactions factors, as well as changes 

in an individual’s social and behavioral characteristics (Figure 1). Importantly, this age­

associated decline impacts multiple physiologic systems leading to a state of decreased 

reserve and compromised resistance to stressors, which in turn contributes to increased 

vulnerability and adverse outcomes. Frailty is a clinical syndrome that captures this state of 

vulnerability and decline frequently seen in older adults.

While frailty has many operational definitions, the majority of these definitions are 

embedded within two conceptual frameworks. The first framework conceptualizes frailty 

as a syndrome with a distinct physical phenotype with measurable clinical features. This 

“physical frailty” is best exemplified by the Fried Phenotype, which characterizes frailty 

by unintentional weight loss (≥5 percent of body weight in the past year), self-reported 

exhaustion, weakness (as measured by decreased grip strength), slow walking speed, and 

low physical activity1.
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Specifically, those who meet ≥3 of these criteria are considered frail, while those meeting 

1-2 criteria are pre-frail, and those without any of these characteristics are robust (Figure 

1b). The second framework conceptualizes frailty as a state of vulnerability due to deficit 

accumulation that can be ascertained through cumulative comorbidities, disease states, 

functional and cognitive deficits, and psychosocial factors.2, 3 These deficits can be tallied to 

determine a Frailty Index (FI), with a higher number of deficits yielding a higher FI score.

Despite the lack of a gold-standard definition, frailty as operationally defined above, has 

been demonstrated to increase risks for adverse clinical outcomes including falls, surgical 

complications, institutionalization, disability, and death4. For instance, in a prospective 

observational study in older adults aged 85 and older, baseline frailty is found to be 

associated with a more than two-fold risk of mortality after 7 years, compared to those 

who are non-frail5. Moreover, frailty leads to increased healthcare utilization and associated 

total healthcare costs by 54-101%6. Thus, frailty in late life is a serious medical condition 

that needs to be managed carefully.

This association between older age and frailty is particularly important given that our 

society is rapidly aging. According to the 2019 United Nations World Population Ageing 

Highlights, there is an estimated 703 million persons aged 65 years and older, which is 

projected to double by 20507. It is anticipated that this large increase in the geriatric 

population will correspond to a proportional increase in older adults who are frail. To this 

end, the epidemiology, prevalence and incidence of frailty have been determined in many 

population-based studies worldwide. The mean prevalence of frailty among the community­

dwelling population aged 65 years and older is ~10%, but can range widely from 4.0-59.1%, 

depending on the frailty criteria used8. A recent meta-analysis of 120,805 adults 60 years 

or older across 28 countries, reported that the estimated global incidence of frailty as 

determined by the Fried Phenotype in community-dwelling older adults is 40 cases per 

1,000 person-years over a median follow-up of 3 years (95% Confidence Interval [CI], 

34.5-48.5; I = 98.2%) . Factors that are associated with an increased prevalence of frailty 

include African-American or Hispanic ethnicity, lower income and education level, poorer 

health, and higher rates of comorbid chronic diseases and disability1.

Given that frailty in older adults is common and leads to a multitude of adverse outcomes, 

a deeper understanding of the science of frailty is a critical first step to help design effective 

interventions that prevent or attenuate frailty-induced sequelae. Part of such in-depth 

understanding of frailty also involves recognizing that sex differences in frailty do exist. 

In community-dwelling older adults more than 65 years of age, frailty was found to be more 

common in women and in greater severity (as determined by FI, which is a known predictor 

of all-cause mortality3) compared to men for any age group10. Despite the greater likelihood 

of being frail however, risk of mortality was lower in women. Therefore, because such sex 

discrepancies in frailty exist, it is important to understand the causes of these differences 

so that sex-specific frailty interventions can be further developed as part of providing the 

best possible patient-centered care for frail older adults. Here, we will review the proposed 

pathophysiology of frailty in general, as well as hypothesized contributing factors of sex­

specific differences in frailty. Similar reviews have been published previously10–12.
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Section 2. Pathophysiology of frailty

The pathophysiology of frailty is an active area of research. While the precise pathogenesis 

of frailty remains unknown, available evidence suggests that physical frailty is in part 

driven by dysregulation of neuroendocrine, inflammatory, and metabolic pathways (Figure 

1a, 1b). For example, age-related hormonal changes that are associated with frailty 

include decreased levels of growth hormone (GH), insulin-like growth factor 1 (IGF-1), 

and dihydroepiandosterone sulfate (DHEA-S)13, as well as increased cortisol levels14. 

Additionally, due to the anabolic and immunity-modulating effects of these hormones, 

alterations in these hormones likely have direct or indirect impacts on skeletal muscles, 

therefore causing dysregulated glucose metabolism and insulin-signaling, and sarcopenia 

(i.e., age-related loss of muscle mass and strength)15, 16. Furthermore, chronic low-grade 

inflammation is highly associated with frailty. This inflammatory state is measurable 

by elevated pro-inflammatory cytokines such as interleukin-6 (IL-6), c-reactive protein 

(CRP),17 elevated numbers of neutrophils and macrophages18, and activation of markers of 

clotting cascades such as D-dimer, in frail older adults19. The inputs that are hypothesized 

to drive this multisystemic physiologic dysregulation and progression to frailty development 

include age-related biological changes (e.g., proteostasis, mitochondrial function), genetics, 

and environmental exposures (Figure 1a)20.

With such inputs, frail older adults enter an altered homeostatic state which results in a 

reduced capacity to generate an appropriate stress response to both acute or chronic stressors 

such as illness, hospitalization or surgery. This inability to regain homeostasis, termed 

homeostenosis, causes an individual to further spiral into a “cycle of frailty21” where each 

of the five frailty characteristics (i.e., decreased mobility and activity, weight loss, weakness, 

fatigue) can initiate a vicious cycle that perpetuates worsening of dysregulated energetics, 

sarcopenia, and an aggregate frailty syndrome22. Ultimately, frailty in older adults increases 

the risk for other common geriatric syndromes or outcomes such as falls, delirium, cognitive 

impairment23, 24, long-term care placement, and mortality (Figure 1c)25, 26.

Section 3. Sex differences in frailty phenotype and the sex-frailty paradox

3a. Sex differences in frailty prevalence, adverse outcomes and mortality

Community-dwelling women aged 65 years or older have a higher prevalence and greater 

burden of frailty compared to men of the same age (Table 1). In a study of 3,079 

community-dwelling older adults from the 2007-2010 National Health and Nutrition 

Examination Survey (NHANES) database, frailty has been found to be more prevalent in 

women (8.8% in women vs 5.4% in men)27. Moreover, a similar sex-specific trend has been 

observed in pre-frail older adults as determined in a recent meta-analysis of 240 studies 

spanning across 62 countries world-wide28. Moreover, while there is great variability in 

frailty assessment depending on the tool being used29, females were found to have higher 

frailty scores than men regardless30. Additionally, frail women are at increased risk of 

developing deficits in activities of daily living (ADLs) and/or instrumental ADLs (IADLs) 

and institutionalization31. Frail older adults are also at risk of associated adverse outcomes 

including hospitalizations, emergency room visits32, readmissions, disability, and overall 
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reduced survival33 and increased mortality rates34 but thus far, sex-specific differences have 

only been noted in frailty prevalence, survival and mortality rates (Table 1)28, 30, 35.

Interestingly, regardless of age or level of frailty, older frail women have better survival 

compared to men. In a meta-analysis of two large cohort studies (SHARE36 and MHAS37) 

that used the FI to determine frailty, men have higher rates of mortality compared to women 

until age 9010. In another study of older adults, the mortality rate in frail men (22.5%) is 

much higher compared to women (8.5%). In this study, sex-specific differences in the causes 

of death are also found. In men, the predominant causes for death are heart disease (41%) 

and chronic lower respiratory disease (23%), compare to nephritis/nephrosis in women 

(32.3%)27.

3b. The “sex-frailty paradox”

The sex-associated divergence in frailty prevalence and mortality has been referred to 

as the sex-frailty paradox11. This is consistent with the long-recognized observation that 

women have longer lifespan than men despite having higher chronic disease burden and 

disability11. The sex-frailty paradox is best illustrated by a meta-analysis of seven large 

studies of community-dwelling older adults showing that mortality rate is lower in women 

irrespective of their age or frailty severity10. While the reasons for this phenomenon are 

yet to be elucidated, some have hypothesized that this may be due to men having more 

“life-threatening” chronic conditions (e.g., stroke, ischemic heart disease), whereas women 

may experience more “non-life-threatening” chronic conditions that are associated with 

higher morbidity (e.g., fractures, depression, constipation, headaches)11, 25.

3c. Sex differences in frailty-associated contributing factors

Frailty and its progression is driven by multi-domain inputs (Figure 1) which may have 

differential impact depending on the sex of the individual. Based on growing evidence 

focusing on these sex-specific differences in frailty and its contributing factors, it has been 

hypothesized that sex-specific differences in frailty is likely due to a combined effect of 

biological, psychosocial and behavioral differences between women and men12. Here, we 

have conceptually categorized contributing factors for sex-differences in frailty in older 

adults into biological, social and behavioral domains (Figure 2). While some of these 

contributing factors are common between both sexes, others have a more sex-specific 

contribution.

Biological factors that may contribute to sex-differences in frailty include chronic disease, 

changes in immunity, as well as endocrinologic changes which occur in part, due to aging. 

As noted by Gordon and Hubbard11, while certain chronic medical conditions such as 

cardiac disease, congestive heart failure, diabetes mellitus, osteoarthritis, and glaucoma are 

similarly prevalent in older adults regardless of sex, differences do exist in other chronic 

conditions. For example, in men, a higher prevalence of hearing impairment, peripheral 

vascular disease, and gastrointestinal disease are reported, while in women, dementia, hip 

fracture, depression, headache, urinary incontinence and thyroid disease are more prevalent.

Sex-specific differences in immune response and inflammatory signaling may partially 

stem from differences in sex chromosomes. Women have 2 copies of X chromosome 
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which carries genes that encode Toll-Like Receptor and multiple cytokine receptors and 

genes involved in T- and B-cell activity. In comparison, men carry 1 copy each of X 

chromosome and Y chromosome, which encodes some inflammatory pathway genes that 

are expressed exclusively in men38, 39. Consequently, progression to immunosenescence, 

which contributes to age-related decline in immune function, is known to occur at a faster 

rate in men than in women40, 41. Epigenomic and genomic changes regulate innate and 

humoral immunity in a sex-specific manner38. In fact, these genomic differences between 

sexes increase after age 65, with men having higher innate and pro-inflammatory activity, 

while having lower adaptive immunity, compared to women42.

Differences in levels and regulation of hormones also differentially contribute to frailty in 

a sex-specific manner. For example, estrogen reduces hepatic sensitivity to growth hormone 

(GH). In contrast, testosterone enhances the effect of GH which increases the risk of 

some age-related diseases such as prostate cancer and cardiac hypertrophy43. Additionally, 

several autoimmune disorders including multiple sclerosis, rheumatoid arthritis, Sjogren’s 

syndrome, and systemic lupus erythematosus are known to be more prevalent in women. 

This increase in susceptibility in women may be due to the reduced protective effect of 

some autoimmune regulatory genes that are downregulated by estrogen44, 45. COVID-19 

is another example of how the regulatory role of sex hormones may affect disease 

pathogenesis. In COVID-19, the SARS-CoV-2 binds to the ACE-2 receptor, which serves 

as viral entry point46. Because testosterone upregulates, whereas estrogen inhibits ACE-2 

receptor expression, sex hormone differences may partially explain the increased risk of 

disease severity and mortality in men47.

Skeletal muscle changes with age, both in its overall architecture (i.e., skeletal muscle 

remodeling including increased intramyocellular lipid accumulation and fibrosis), as well as 

in its macronutrient (e.g., fat, protein, glucose) metabolism48. As a result, the absolute and 

relative loss of contractile skeletal muscle tissue is a shared feature in both aging men and 

women48,49. However, the decline in resting energy expenditure in both skeletal muscle and 

overall adipose tissue occurs at a faster rate in women compared to men. This may partially 

explain why women are more prone to frailty than men50.

Apart from biological contributory factors, differences in the social and behavioral domains 

may contribute to sex-specific differences in frailty (Figure 2). Within the social domain, 

social vulnerability is a significant contributory factor. Marital status is one important 

determinant of social vulnerability, and studies have found that widowhood is more 

frequently associated with frailty52, as well as being socially frail, and thereby at increased 

risk of mortality (HR = 2.69; 95% CI, 1.01-7.25, p < 0.05)51. However, women may be 

able to better cope with social vulnerability due to greater support networks, while men may 

be subject to increased mortality53 due to a relative lack of coping mechanisms. Despite 

better coping mechanisms in women, widowhood is indeed a known risk factor for the 

development of persistent depressive symptoms54, and this in turn may increase the risk 

of frailty55. It is currently unclear whether depression can increase the risk of frailty in a 

sex-specific manner.
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In the behavioral domain, several contributory factors may contribute to sex-specific 

differences in frailty. For instance, coping mechanisms may differ between men and 

women, perhaps by activating different brain areas, thereby using different problem-solving 

strategies. Specifically, when exposed to an acute stressor, men are found to engage the 

prefrontal cortex regions, while women have more responses in the limbic/striatal regions, 

and these stress responses are associated with distinct neural networks56. Furthermore, it 

has been proposed that the psychological phenomenon of stress, such as life stressors from 

surgery or illness, emotional, physical or sexual abuse, divorce, or death of a loved one, may 

be related to microstructural changes in the corpus callosum of the brain57. Accordingly, 

these sex-specific differences in stress perception may potentially explain differences in 

women’s behavior around health issues, including illness perception, self-rated health, 

and healthcare utilization. Women are also more sensitive to small physical changes and 

more likely to assume the sick role58 . While women have poorer self-rated health59, they 

are more likely to report either minor or major health issues60. We should be cautiously 

reminded that the perception of self-rated health is influenced by other social determinants 

of health as well, including occupation, marital status, household income, area of residence 

(rural/urban), and work environment61. When it comes to risky behavior such as cigarette 

smoking or alcohol consumption, women also tend to be risk-averse compared to men62.

Other independent frailty-associated factors that are unique to, or shared between, men 

and women have been described27, 63 (Figure 2). Zhang and colleagues27 showed that 

independent frailty-associated factors common to both men and women include sedentary 

lifestyle (physical inactivity) and prior history of hospitalizations. In contrast, higher family 

income to poverty ratio is protective against frailty in both sexes. In men, frailty is associated 

with additional risk factors including being widowed, divorced or separated, sleeping more 

than 9 hours a day, and smoking. In women, additional risk factors for frailty include obesity 

(BMI ≥ 30 kg/m2), elevated inflammatory markers such as CRP, sleeping less than 6 hours a 

day, and family history of diabetes or myocardial infarction.

Section 4. Intervention for frailty incorporating the 5Ms of geriatrics

The overall approach to caring for an older adult with frailty should aim at diagnosing frailty 

using validated screening tools, followed by implementing individually-tailored intervention 

plans64. The diagnosis of frailty can be made with tools such as the Fried Phenotype (i.e., 

Hopkins Frailty tool) or the FI as determined by a comprehensive geriatric assessment 

(CGA). Rapid screening tools such as the FRAIL scale or the Study of Osteoporotic 

Fractures (SOF) frailty tool that allows quicker screening may also be used65, 66. While 

there is currently insufficient evidence to differentiate treatment interventions for frailty in 

a sex-specific manner, the 5Ms (multi-complexity, mind, mobility, medications, matters) of 

geriatric care can be incorporated to augment frailty intervention67.

Intervention modalities including exercise, nutrition management, and interdisciplinary 

geriatric models of care have been found to improve clinical features of frailty or reduce 

adverse outcomes. For example, Travers and colleagues have noted in their systematic 

review of 925 studies, that a combination of muscle strength training and protein 

supplementation are the most effective and easiest interventions to implement, and to 

Park and Ko Page 6

Clin Geriatr Med. Author manuscript; available in PMC 2022 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



delay or reverse frailty68. Multi-component intervention is also imperative for preventing 

frailty-associated adverse outcomes. Marcucci and colleagues have proposed guidelines, as a 

part of the FOCUS (Frailty Management Optimisation through EIP-AHA Commitments and 

Utilisation of Stakeholders Input) project, that interventions including exercise, nutritional 

management and their combination, should be implemented to prevent or delay the 

progression of frailty64. Lastly, geriatric-focused interdisciplinary care programs such as 

GEM (Geriatric Evaluation and Management), ACE (Acute Care for the Elders Unit), 

PACE (Program for All-inclusive Care for the Elderly), and hospice care (Figure 3) and 

their impact on the health of vulnerable older adults have been extensively studied in both 

outpatient and inpatient settings. As an example, a meta-analysis of 7 studies including 

1,009, comprehensive geriatric assessment unit interventions is found to be effective in 

managing physical and psychological frailty, readmission, mortality and patient satisfaction 

in hospitalized older adults69. Thus, geriatric interdisciplinary models of care should be 

integrated whenever feasible and take an active role in the clinical care of frail older adults.

Multi-complexity:

The complex health care needs of frail older adults necessitate utilizing multi-modal 

interventions that encompass management of chronic comorbidities, behavioral and 

psychosocial needs, and lifestyle modification that may be of benefit to reduce or prevent 

frailty. In a recent prospective cohort study of 6,357 adults followed longitudinally for 20 

years, healthy habits exercised at age 50 are associated with a lower risk of frailty later 

in life. These habits include not smoking (HR 0.68; 95% CI, 0.52-0.89, p=0.01), moderate 

alcohol consumption (HR 0.76; 95% CI, 0.59-0.98, p<0.001), physical activity of at least 

2.5 hours per week (HR 0.66; 95%CI, 0.48-0.88, p=0.0001), and consuming fruits and 

vegetables more than twice daily (HR 0.70; 95% CI, 0.53-0.92, p=0.01)70. Frailty risk is 

reduced by 70% if all 4 healthy habits are present. Additionally, in this same study, the 

cumulative effect of multiple healthy habits and behavioral modification implemented at 

or before age 50 are shown to help prevent frailty later in life with a 31% reduction in 

frailty incidence for each additional healthy behavior. These findings indicate that early 

intervention with modification of risk factors can indeed prevent frailty.

Mind:

As introduced briefly in the previous sections, frailty is impacted by multi-faceted inputs 

which include psychosocial variables such as cognition and mood (e.g., psychological 

wellness). First, frailty is associated with cognitive impairment24 and dementia71, and 

indeed, cognitive training has been associated with improved frailty score and reduced 

frailty prevalence72. Second, older adults with depression are at risk of frailty73, and 

specifically in women, depressive symptoms increase the likelihood for frailty74. In men, 

more traumatic life events and perceived level of post-traumatic psychological stress are 

associated with increased likelihood of frailty. Thus, providers need to remain cognizant of 

these sex-specific differences in psychosocial correlates of frailty for both assessment and 

intervention, in order to better address the “mind” component of the 5Ms-oriented geriatric 

care.
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Mobility:

Many single- and multi-component physical activity programs improve gait speed, muscle 

strength, mobility and physical performance in frail older adults75 although modalities in 

which exercise interventions are implemented in frailty studies vary significantly76. In one 

study, a home-based video exercise program for frail older women >75 years of age has 

shown to improve overall quality of life as measured by EuroQoL-5D77, including measures 

of mobility, self-care, usual activities, pain or discomfort, and anxiety or depression, as well 

as self-rated health78. Thus, providers should consider the exercise training options that may 

be available to a frail older adult, and prescribe an exercise intervention that best meet the 

individual’s need and ability.

Medications:

The impact of polypharmacy, and its associated adverse outcomes, on frail older adults, 

need to be considered when devising a care plan. In a systematic review of 25 studies, 

polypharmacy is associated with frailty. Significant associations are found with every 

medication added to the treatment (OR 1.13–1.20), with polypharmacy (OR 1.77–2.55), 

and hyperpolypharmacy (≥10 drugs, OR 4.47–5.8)79. Frail older adults subjected to 

polypharmacy also have a 13-fold longer hospital stay and a five-fold greater risk for 

hospital readmission80. Furthermore, providers should be cognizant of how sex-specific 

differences in drug metabolism81 can affect pharmacokinetics. Thus, extra efforts should be 

made to address polypharmacy in frail older adults.

Matters most:

The routine assessment of a frail older adult’s priorities and goals of care including 

treatment preferences and quality of life, as well as psychosocial resources74, have become 

exceedingly important as we aim to provide improved 5Ms-focused patient-centered care. 

This approach allows providers to recommend the most appropriate intervention strategy 

along the spectrum of frailty82, 83. Specifically, it enables timely integration of the 

management of distressing symptoms, as well as ensuring appropriate caregiver support. 

Moreover, multi-component interventions such as exercise training tailored towards the need 

and ability of the patient, as well as geriatric interdisciplinary models of care corresponding 

to the level of patient’s need, should be integrated into patient care in order to optimize 

outcomes64, 69. Finally, older adults who are severely frail should be provided with 

necessary access to palliative and hospice care and related resources84.

Section 5. Conclusions and future directions

Frailty is a clinical syndrome that leads to a progressive, multisystem decline in function and 

physiologic reserve, and increased vulnerability to adverse outcomes. Various biological, 

psychosocial and behavioral inputs contribute to the development of frailty. Moreover, some 

of these inputs may contribute to sex-specific differences in frailty and associated adverse 

outcomes. Future research efforts should focus on development of screening tools and 

therapeutic interventions that best incorporate sex-specific differences in frailty in order to 

reduce mortality and optimize outcomes in frail older adults.
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KEY POINTS

• Frailty is an important clinical syndrome of age-related decline in physiologic 

reserve and increased vulnerability, and is associated with numerous adverse 

clinical outcomes

• Frailty is driven by dysregulation of neuroendocrine, inflammatory, and 

metabolic pathways

• Frailty is more prevalent in older women

• Sex-specific differences in frailty is an emerging area of investigation

• The 5Ms (multi-complexity, mind, mobility, medications, matters most) of 

geriatric medicine can be integrated in the clinical management of frail older 

adults to improve care
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SYNOPSIS

Frailty is an important clinical syndrome of age-related decline in physiologic reserve 

and increased vulnerability. In older adults, frailty leads to a progressive multisystem 

decline and increased adverse clinical outcomes. The pathophysiology of frailty is 

hypothesized to be driven by dysregulation of neuroendocrine, inflammatory, and 

metabolic pathways. Moreover, sex-specific differences in the prevalence of frailty have 

been observed and various biological, psychosocial and behavioral factors may contribute 

to these differences. Treatment interventions, focusing on the 5Ms (multi-complexity, 

mind, mobility, medications, matters most) of geriatric care, can be applied to the 

care of frail older women with these sex-specific differences in mind. As additional 

evidence regarding sex-specific differences in frailty emerges, future research efforts 

should encompass the development of screening tools and therapeutic interventions that 

optimize outcomes in older adults who are frail.
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Figure 1. Model pathway for frailty and contributing factors.
a) input, b) modifiers, and c) outcomes. Also shown in panel b is the progression of frailty 

(yellow shaded area) from robust to pre-frail to frail, as physiologic reserve (blue shading) 

declines.
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Figure 2. Contributory domains and factors for frailty and sex-specific associations.
Depicted within each circle of the venn diagram are the contributing factor domains 

(biological, social and behavioral) that are color-coded as blue, orange and yellow shading. 

For each domain, contributing factors common to both genders (or are of equal prevalence) 

are listed inside the circle, and those that have gender-specific associations are depicted 

outside the circle in boxes that are outlined in pink (female-specific), or blue (male-specific). 

Note: for Behavioral: only female-specific associations are shown in the boxes (*males have 

the opposite characteristics which are not shown)

Frail and depressed (29.5% frail vs 17.8% prevalence in non-frail p<0.001, Mantovani et al 

2015), Frail females 22.7% vs. Frail males 15.4% (p<0.001)

Depression -> Frailty Risk OR 4.73 (2.62-8.55, p<0.01) Chang et al 2010
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Figure 3. Interventions for older adults along the frailty spectrum.
Shaded areas depict possible interventions for the frail older adults [purple: early/mid­

stage frailty, green: end-stage frailty]. GEM: Geriatric Evaluation and Management. CGA: 

Comprehensive Geriatric Evaluation. PACE: Program for All Inclusive Care of the Elderly. 

ACE: Acute Care for the Elders unit.
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