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ABSTRACT: Frailty and the consequent risk of falls represent significant challenges for community-dwelling 

older adults, often leading to severe injuries, functional decline, and loss of independence. Falls typically result 

from multiple interacting risk factors, many of which are modifiable through targeted interventions. This mini-

review focuses on evidence from randomized controlled trials evaluating effective therapeutic strategies to 

prevent frailty and falls. Comprehensive assessment and management of modifiable risk factors have been 

shown to significantly reduce fall incidence. Key interventions include community-based and home-based 

exercise programs emphasizing balance and strength training. Additionally, the treatment of osteoporosis is 

crucial to reducing the risk of fall-related fractures. Other modifiable risk factors, such as orthostatic 

hypotension, polypharmacy, environmental hazards, osteoporosis, malnutrition, and cognitive impairment, 

require targeted assessment and intervention. Despite these advances, further research is needed to optimize 

multifactorial interventions and tailor strategies to individual risk profiles. Innovative research directions now 

span from micro to macro levels, incorporating insights from animal models to human studies, aiming to unravel 

underlying mechanisms and develop personalized therapeutic strategies. This review discusses emerging 

evidence and new interdisciplinary research avenues that offer hope for mitigating frailty and preventing falls 

in community-dwelling older adults. 
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1. Introduction 

 

Frailty is recognized as a clinical state preceding disability 

[1-3], though both conditions may coexist [4, 5]. It is a 

dynamic continuum ranging from robustness to severe 

frailty, with the potential for reversibility [4]. Addressing 

frailty early is critical, as functional decline associated 

with frailty is a major contributor to disability and fall risk 

[6]. The two most widely used frailty assessment tools in 

research and clinical practice are the physical frailty 

phenotype [2] and the Frailty Index (FI) of accumulated 

deficits [7, 8]. 

Frailty is an age-related syndrome marked by 

diminished physiological reserves across multiple organ 

systems, leading to increased vulnerability to stressors [4, 

9]. Preventing or slowing its progression before 

substantial functional decline occurs is a key priority in 

healthcare. Falls are a major consequence of frailty, 

affecting one third of community-dwelling adults aged 65 

and older annually, with 10% experiencing multiple falls 

[10].  Consequences of falls range from activity restriction 

and medical attention to severe injuries such as fractures 

[11].  In some cases, prolonged immobility post-fall can 

lead to complications like rhabdomyolysis and renal 

failure [12]. Fear of falling, which develops in 21–39% of 

fallers, further exacerbates physical decline and reduces 

quality of life [13].  

 

 
Figure 1. Common domains of multifactorial assessment, management, and interventions. This figure 

illustrates the primary risk factors for falls that are most frequently assessed in clinical and research settings, 

as reviewed in this paper based on evidence from randomized controlled trials. It provides an overview of 

targeted interventions and their impact on fall prevention. Given the time-intensive nature of comprehensive 

multifactorial assessment and management, a modular approach—distributing evaluations across multiple 

clinical visits—may improve feasibility and adherence. Furthermore, advancements in technology offer novel 

opportunities for intervention implementation, while ongoing research continues to refine our understanding 

of the mechanisms driving intervention effectiveness, ultimately guiding the development of more effective 

strategies for preventing frailty and falls in older adults. Intrinsic risk factors encompass age-related changes 

such as balance impairment, muscle weakness, orthostatic hypotension, cognitive decline, and other 

components of frailty that contribute to diminished resilience. Extrinsic risk factors, on the other hand, include 

environmental hazards, which further elevate the risk of falling. Given the multifactorial nature of falls, a 

strategic focus on modifiable factors that represent the final common pathways to falls is crucial. These key 

risk factors are also the primary targets in randomized controlled trials evaluating fall and frailty prevention 

interventions.  
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Most falls arise from a combination of intrinsic (e.g., 

gait and balance impairment) and extrinsic (e.g., 

environmental hazards) factors (Fig. 1) [14].  

Multifactorial risk assessment highlights a core set of 

modifiable risk factors frequently addressed in 

randomized trials, including medication effects, alcohol 

consumption, visual deficits, cognitive impairments, 

malnutrition and cardiovascular conditions [14, 15]. 

Osteoporosis, a significant factor in fall-related fractures, 

becomes increasingly relevant with aging, thereby 

elevating the risk profile (Fig. 1).  

While some frailty interventions remain unproven, 

consensus guidelines suggest integrating feasible, cost-

effective strategies into clinical practice [4]. It is crucial 

to ensure that frailty does not serve as a barrier to 

appropriate interventions, reinforcing ageism in 

healthcare [4, 16]. Future research must refine targeted 

prevention strategies, spanning micro- to macro-level 

approaches—from mechanistic studies in animal models 

to clinical trials in human populations. This review 

explores emerging interdisciplinary research directions 

that hold promise for mitigating frailty and preventing 

falls in community-dwelling older adults. 

 

2. Multifactorial Assessment and Management in 

Fall Prevention: Evidence-Based Approaches  

 

Early prevention strategies are crucial in mitigating fall 

risks among older adults. In clinical practice, a 

comprehensive assessment is crucial for identifying 

individuals at high risk of falls. Simple screening 

questions, evaluation of predisposing factors (e.g., 

medication use, alcohol consumption), and precipitating 

factors (e.g., preceding symptoms, environmental 

hazards) provide essential insights into fall risk. 

Circumstances surrounding the fall, presence of 

associated injuries or loss of consciousness, along with a 

physical examination and office-based tests of gait, 

balance, and strength, are routinely indicated for patients 

with a history of falls or fear of falling that limits daily 

activities. These factors serve as markers of heightened 

risk, warranting multifactorial intervention.  

Multifactorial Assessment and Management of key 

fall risk factors, followed by targeted Interventions based 

on identified risks, is recommended for high-risk 

individuals [17]. A meta-analysis of 19 trials 

demonstrated that multifactorial assessment and 

management significantly reduced fall rates compared to 

usual care or interventions not specifically designed to 

prevent falls [18]. In addition to focusing on the most 

commonly assessed risk factors, as recently summarized 

by Ganz et al. [17], this review further expands and refines 

these perspectives. These key domains, illustrated in 

Figure 1, represent evidence-based strategies designed to 

mitigate fall risk and enhance functional outcomes. 

Clinical trials have consistently shown that targeted 

interventions addressing these domains are more effective 

than usual care in preventing falls and improving overall 

mobility in older adults. The effective strategies include 

medication review and deprescribing, management of 

polypharmacy and potentially inappropriate medications, 

treatment of orthostatic hypotension, structured physical 

exercise programs, osteoporosis and fracture prevention, 

nutritional optimization, and cognitive training. Particular 

attention is required for older adults with reduced kidney 

function, which affects drug elimination and is common 

in old adults [19]. Additionally, HFpEF (Heart Failure 

with Preserved Ejection Fraction), is a prevalent and 

underdiagnosed condition with a poor prognosis [20].  

HFpEF is associated with upstream mediators of 

inflammation and exercise intolerance, which may 

contribute to increased fall risk (Fig. 1) [21].  

These key domains provide a foundation for 

addressing evidence–practice gaps and guiding 

innovative research directions. Future investigations 

should integrate micro- to macro-level approaches, 

leveraging insights from animal models to human clinical 

trials to unravel underlying mechanisms and develop 

personalized preventive and therapeutic strategies. This 

review explores emerging interdisciplinary research 

avenues that offer new hope for mitigating frailty and 

preventing falls in community-dwelling older adults. 

 

2.1 Medication, Polypharmacy and Kidney function 

 

Medication use, particularly polypharmacy (Fig. 1), is a 

significant contributor to falling risk in older adults [22, 

23].  A structured medication review is essential to 

identify medications without a clear indication, optimize 

therapy, and minimize adverse effects. Age-related 

changes in drug pharmacokinetics are well recognized 

[24]. However, patients aged 75 and older are 

significantly underrepresented in clinical trials during 

drug development [25], making evidence-based dose 

adjustments in this population challenging [26]. Kidney 

function plays a crucial role in drug clearance, rendering 

careful dose adjustments necessary to avoid drug 

accumulation and toxicity. Polypharmacy is an issue for 

all patients with chronic kidney disease (CKD) [27]. It is 

associated with worse clinical outcomes and lower quality 

of life in kidney and old patients [27]. Polypharmacy is 

also linked to an increased risk of kidney failure, 

cardiovascular events, and all-cause mortality in patients 

with non-dialysis-dependent CKD [28, 29]. Close 

monitoring of renal function, individualized medication 

adjustments, and patient-centered deprescribing strategies 

are essential components of a multifactorial fall 

prevention approach. The cited trials and evidence present 
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both strengths and limitations. A strength of the cited 

research is the clear identification of polypharmacy as a 

major risk factor for falls and adverse outcomes in older 

adults. However, limitations emerge from the heavy 

reliance on observational studies, which restricts the 

ability to establish definitive causal relationships. 

Additionally, the persistent underrepresentation of adults 

over 75 in clinical trials creates critical gaps in our 

understanding of medication safety, efficacy, and 

appropriate dosing in this vulnerable population.  

Two key research directions for optimizing 

medication use, particularly polypharmacy, are 

understanding the (i) aged kidney and (ii) the role of 

pharmacogenetics and changes in pharmacokinetics in 

older adults. Investigating age-related changes in renal 

function is crucial, as declining kidney function affects 

drug clearance, increasing the risk of accumulation and 

toxicity. Additionally, pharmacogenetic variations 

influence drug metabolism, efficacy, and adverse 

reactions, necessitating a more personalized approach to 

prescribing in older adults. These research areas are 

essential for improving medication safety, reducing 

adverse drug reactions (ADRs), and enhancing 

therapeutic outcomes in aging populations. 

Aged kidney:  Age-related CKD is characterized by 

persistent renal inflammation and tubulointerstitial 

fibrosis, driven by a complex interplay of myofibroblasts, 

immune cells, and endothelial cells, resulting in excess 

extracellular matrix (ECM) deposition and kidney 

dysfunction [30]. The exact origin of ECM-producing 

cells remains controversial, with contributions from 

fibroblasts, pericytes, mesenchymal stem cells (MSCs), 

and perhaps endothelial-to-mesenchymal transition 

(EndMT) processes [31, 32]. Recent evidence highlights 

Transient Receptor Potential Cation Channel 6 

(TRPC6)[33] as a novel key player in fibrogenesis, with 

TRPC6 inhibition protecting against fibrosis in murine 

hearts and kidneys [34-36]. We examined TRPC6 in acute 

kidney injury [37] and renal fibrosis [34]. TRPC6 

blockade reduces fibrosis by ~30% [34, 36]. However, the 

precise renoprotective mechanisms remain unclear. 

Future research should focus on elucidating the role of 

TRPC6 in kidney endothelial cells during fibrotic 

remodeling, integrating endothelial dysfunction into 

kidney fibrosis pathways to identify novel therapeutic 

targets for age-related CKD. 

Pharmacogenetics and changes in pharmacokinetics 

in older adults.  Multiple studies over the past 20 years 

have shown that pharmacogenetic (PGx) testing can 

reduce drug toxicity and improve efficacy [38, 39] [40]. 

A recent randomized controlled trial demonstrated that 

considering PGx markers during prescribing reduced 

clinically relevant ADRs by 30% [41]. However, the 

effects of PGx in older adults remain debated. While 

theoretically declining kidney and liver function in older 

adults was thought to overrule PGx effects, recent studies 

showed that PGx effects in older adults may be similar or 

even stronger. In patients over 75 years, CYP2C19 

polymorphisms were linked to a higher risk of major 

adverse cardiac events under clopidogrel after 

percutaneous coronary intervention (PCI) [42]. However, 

age-stratified analyses of pharmacogenetic randomized 

controlled trials (RCTs) suggested that different dose-

tailoring algorithms may be needed for the older adults 

[43].  Although meta-analyses on PGx and aging exist 

[44], direct comparative studies are still missing. We 

previously showed that PGx markers in drug-

metabolizing enzymes and transporters significantly 

affect drug pharmacokinetics and pharmacodynamics in 

young healthy volunteers [45-48].  However, the extent of 

these effects in older adults remains unclear. In rats, we 

found age- and sex-related differences in pharmaco-

kinetics, partially explained by variations in mRNA 

expression [49]. In a population-based cohort of older 

dementia patients (DelpHi-MV study), we found that 6% 

of participants carried a high-risk actionable PGx marker 

while taking a drug known to be affected by this genotype 

[50]. These individuals could potentially benefit from 

PGx-guided prescribing. Future studies should investigate 

the combined effects of aging and pharmacogenetics on 

drug pharmacokinetics, with a particular focus on whether 

high-risk PGx genotypes contribute to an increased risk of 

ADRs in older adults with polypharmacy, falls, and 

frailty. Classical pharmacokinetic studies can be 

challenging in older adults due to the higher number of 

concomitant medications. However, microdosing 

approaches offer a promising alternative [51]. The use of 

biomarkers may also represent a feasible strategy for 

optimizing drug dosing in older adults [52]. 

Understanding these interactions will be crucial for 

optimizing personalized medication management and 

improving drug safety in the aging population.  

 

2.2 Potentially Inappropriate Medication  

 

Potentially inappropriate medication (PIM) is a concept to 

identify drugs which pose a potentially high risk of ADRs 

in older patients. Several research groups and national 

societies have developed PIM lists. These lists are 

typically developed through a consensus process 

including a limited number of experts and undergo regular 

updating. Unfortunately, when different PIM lists are 

compared, the overlap varies largely (reviewed in [53]). 

Despite variations in definitions and classifications, the 

use of potentially inappropriate medication remains 

prevalent, as illustrated in Figure 1. [54] The prevalence 

of PIM use varies significantly across countries, with 

estimates ranging from 9% in Germany to 81% in 
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Australia [55]. Drugs related to the central nervous system 

and cardiovascular disease, benzodiazepines, analgesics, 

and nonsteroidal anti-inflammatory drugs are the most 

commonly used PIMs [17, 55]. A key intervention is 

weighing the risks and benefits of these medications, with 

an emphasis on dose reduction or discontinuation when 

possible. The evidence-based approach is supported by 

guidelines, e.g. the Deprescribing Network and Bruyère 

Research Institute's deprescribing guidelines [56-58]. The 

evidence from the cited trials includes both robust 

findings and recognized limitations. One randomized 

controlled trial (RCT) evaluating psychotropic 

medication withdrawal found that participants in the 

withdrawal group had a lower fall rate compared to those 

who continued their medication. However, 47% of 

participants resumed psychotropic medications within a 

month after the trial concluded, despite the initial fall 

reduction benefits [59]. This underscores the challenges 

of deprescribing, particularly when these medications are 

used for managing chronic symptoms [60].  A recent 

Cochrane review on the evidence from interventions 

targeting the appropriate use of polypharmacy for older 

people did not show significant improvements through 

interventions in most questions covered. However, the 

main message of this review was that evidence quality is 

largely low to very low based on the analyzed study 

characteristics [61].  Whereas a gradual tapering 

approach, patient education, and alternative non-

pharmacologic interventions may enhance the success of 

medication withdrawal while minimizing withdrawal 

effects and symptom recurrence, this multifactorial 

approach still needs to be thoroughly tested in high quality 

RCTs. Efforts to reduce potentially inappropriate 

medications (PIMs) in older adults face challenges. 

Current barriers include insufficient knowledge and 

training in deprescribing, time constraints, 

communication gaps, fears of negative outcomes, and 

resistance from patients [62]. Variations in PIM lists and 

study designs, along with small samples and limited 

blinding, reduce the reliability of findings and highlight 

the need for coordinated, high-quality research to improve 

prescribing practices.  

Medication management in older adults is 

increasingly complex due to polypharmacy, drug-drug 

interactions, and PIM prescriptions [63, 64]. Poor 

adherence and medication errors arise from cognitive 

decline, multiple prescribers, and frequent generic 

substitutions, leading to ADR and reduced treatment 

efficacy [65]. While these issues are well described 

qualitatively, there is a lack of interventional research to 

improve medication safety and optimize 

pharmacotherapy. Future studies should aim to 

investigate the fundamental mechanisms underlying 

ADR, optimize medication use, and improve 

pharmacotherapy in older patients on all relevant levels. 

Our previous research has focused on drug absorption 

under real-life conditions in older patients, particularly 

within the European Training Network AGePOP [66] 

[67]. Analyzing age-related factors affecting medication 

intake and formulation preferences [68-70] are also 

important to develop medications accepted by older 

individuals. Developing methodologies for assessing 

gastric emptying [71, 72], conducting medication-use 

surveys, and analyzing changes in PIM prescriptions over 

time using data from the Studying Health in Pomerania 

(SHIP) study, a population-based cohort in our area [73] 

represent important tesserae to advance medication safety 

in older individuals. 

Another critical area of investigation involves the 

objective assessment of suspected ADR in cohort 

participants and geriatric patients, providing real-world 

data on the clinical impact of medication-related 

complications. That approach should be supplemented by 

well attended and documented n-of-1 trials to evaluate the 

efficacy of deprescribing interventions, allowing for 

personalized pharmacotherapy adjustments that optimize 

treatment while minimizing harm.  

 

2.3 Orthostatic Hypotension 

 

Orthostatic hypotension is characterized by a persistent 

decrease in systolic blood pressure of 20 mm Hg or more 

or diastolic blood pressure of at least 10 mm Hg within 

three minutes of standing. Some individuals may 

experience an initial drop in blood pressure upon standing 

that resolves within three minutes; in such cases, patients 

should be counseled to stand up gradually and delay 

walking immediately to minimize dizziness and the risk 

of falling[17, 74-76]. For patients with confirmed 

orthostatic hypotension (Fig. 1), a careful medication 

review is critical. Drugs that may contribute to the 

condition, especially those with anticholinergic effects or 

strong antagonism at alpha1-adrenergic receptors, should 

be discontinued whenever possible [77].  Additionally, 

water drinking is a fundamental preventive measure [78]. 

If symptoms persist despite these interventions or if 

patients exhibit significant blood pressure fluctuations, 

such as transitioning from high blood pressure while lying 

down to hypotension when standing, further diagnostic 

evaluation is necessary. Referral for assessment of 

neurogenic causes may be appropriate, and in severe or 

treatment-resistant cases, pharmacologic therapy should 

be considered [79, 80]. A multidisciplinary approach, 

combining lifestyle modifications, medication 

adjustments, and personalized management strategies, is 

essential for effectively addressing orthostatic 

hypotension and preventing associated complications [17, 

79].  There are notable strengths and limitations within the 
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cited studies and supporting evidence. A key strength is 

the depth of physiological and clinical characterization in 

many of the trials, often involving thorough assessments 

and deep phenotyping, which enhances the understanding 

of orthostatic hypotension mechanisms and management. 

However, these studies often include a relatively small 

number of patients or participants, limiting statistical 

power and the generalizability of findings to broader 

clinical populations. Additionally, variability in 

diagnostic criteria and outcome measures across studies 

can hinder comparisons and the development of 

standardized treatment protocols. The pathophysiology of 

orthostatic hypotension is multifaceted, involving 

impairments in autonomic regulation, vascular 

responsiveness, and fluid balance. Recent studies indicate 

that increased arterial stiffness significantly contributes to 

its development, with findings showing a 40% higher risk 

of orthostatic hypotension in adults with elevated arterial 

stiffness [81],  highlighting the critical role of vascular 

integrity in blood pressure stabilization. 

Beyond arterial stiffness, perivascular adipose tissue 

(PVAT) is increasingly recognized as a key regulator of 

vascular homeostasis. PVAT exerts its effects by 

releasing bioactive molecules that influence smooth 

muscle contractility, helping to maintain arterial tone and 

vascular responsiveness [82]. However, conditions such 

as aging and chronic kidney disease (CKD) lead to PVAT 

dysfunction, which is characterized by increased 

inflammation, oxidative stress, and enhanced secretion of 

vasoconstrictive adipokines [83, 84]. These changes 

promote vascular stiffness and arterial tone dysregulation 

[82]. PVAT dysfunction exacerbates vascular aging, 

potentially exacerbating orthostatic hypotension and 

vascular aging [85, 86].  Aging is also associated with 

altered arterial calcium signaling [87], which affects 

vascular function and may influence orthostatic blood 

pressure regulation. In chronic kidney disease (CKD), 

shifts in oxylipin profiles—bioactive lipid mediators that 

regulate vascular tone—further contribute to vascular 

dysfunction and increased cardiovascular risk [88]. 

Studies have demonstrated that PVAT loses its protective 

anticontractile properties in these conditions, leading to 

heightened vasoconstriction and impaired blood flow 

regulation [85, 86]. 

Our previous research identified that PVAT releases 

perivascular relaxing factors (PVRFs) that activate 

potassium (KCNQ5) channels in vascular smooth muscle 

cells, promoting vasodilation [82, 89, 90]. These findings 

suggest that PVAT dysfunction, arterial stiffness, and 

PVRFs (oxylipin) imbalances collectively contribute to 

vascular dysregulation [83, 91], increasing the likelihood 

of orthostatic hypotension in older and CKD populations.  

To advance the understanding of paracrine dysregulation 

of PVAT in aging, we propose that a focused investigation 

into its role in vascular homeostasis is crucial. 

Investigating these pathways may uncover novel targets 

for therapeutic intervention. In addition, PVAT 

dysfunction and its contribution to arterial health and 

vascular aging should be assessed by integrating findings 

from animal models and human cohort studies. This 

approach would allow for the translation of experimental 

data into clinically relevant strategies to mitigate age-

related vascular decline in orthostatic hypotension. 

From our perspective, dysfunctional PVAT is an 

underappreciated yet significant contributor to vascular 

stiffness, arterial tone dysregulation, and impaired blood 

pressure homeostasis, particularly in aging and chronic 

kidney disease (CKD). We believe that targeting PVAT-

signaling represents a promising therapeutic strategy to 

counteract vascular and metabolic disturbances. By 

restoring PVAT function, it may be possible to enhance 

vascular elasticity, stabilize blood pressure regulation, 

and reduce the risk of orthostatic hypotension, ultimately 

improving cardiovascular health and resilience in aging 

populations. 

 

2.4 Physical Exercise and Cardiac Aging 

 

A comprehensive fall-risk assessment should include 

brief screening tools and functional mobility tests, such as 

observing the patient rise from a chair, walk, and stand in 

progressively challenging positions (side-by-side, 

semitandem, and full tandem). Systematic reviews and 

meta-analyses of large randomized controlled trials 

(RCTs) consistently demonstrate the benefits of exercise 

- including group or home-based programs, outpatient or 

home physical therapy, and assistive devices - in 

prevention of both falls and cardiovascular disease (Fig. 

1) [92, 93]. A meta-analysis of 59 RCTs confirmed that 

exercise reduces falls in individuals at average or high risk 

[94]. Evidence also suggests that exercise lowers fall-

related fracture rates by 27% (based on 10 trials) and 

reduces medically attended falls by 39% (5 trials).[94]  

Both home-based programs (e.g., the Otago Exercise 

Program, Go4Life) and group-based programs have been 

shown to effectively reduce fall rates [92]. The most 

effective programs target balance and lower limb strength, 

incorporating progressively challenging exercises [92]. 

Tai Chi has been associated with a 20% reduction in fall 

rates, as demonstrated across up to 24 clinical trials [92, 

95]. However, walking alone has not been shown to 

prevent falls [17, 94]. There is little evidence supporting 

dance and yoga as an effective alternative to strength and 

balance training for fall prevention [96-98].  The cited 

research demonstrates a range of strengths as well as 

certain limitations. Many of the randomized controlled 

trials included in meta-analyses feature robust participant 

numbers and well-structured interventions, lending 
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credibility to the observed benefits of exercise-based fall 

prevention. However, a common limitation is the 

relatively short duration of most interventions—typically 

only 3 to 4 months—leaving uncertainty about the long-

term sustainability and effectiveness of these programs. 

Furthermore, while short-term gains in balance and 

strength are well documented, it remains unclear whether 

extending the duration or intensity of training leads to 

greater or more lasting reductions in fall risk.  Assessing 

gait, balance, and strength can help determine whether 

patients can safely participate in unsupervised programs 

or require physical therapy supervision [99]. Patients 

without significant functional impairments may be 

appropriate candidates for home- or community-based fall 

prevention programs [17, 100, 101].   

The American Heart Association recommends at least 

150 minutes of moderate-intensity aerobic activity per 

week, such as 30 minutes a day, five times a week, to 

promote cardiovascular health. However, personalized 

exercise approaches are increasingly recognized for 

optimizing outcomes [102]. A major challenge arises in 

patients with heart failure with preserved ejection fraction 

(HFpEF) [20] - a common, underdiagnosed condition in 

older adults - which is characterized by exercise 

intolerance and poor prognosis [103, 104]. This limits the 

effectiveness of standard exercise programs in a 

population that could otherwise benefit greatly.  

Current diagnostic approaches of HFpEF rely on 

resting morphological and hemodynamic parameters 

[105], yet many symptoms, particularly exercise 

intolerance, become apparent only under stress conditions 

[106-108].  Moreover, specific pathogenetic factors 

impede exercise tolerance in HFpEF, such as coronary 

microvascular dysfunction (CMD), a key contributor to 

HFpEF due to vascular aging, hormonal deficiency, 

proteostatic decline and inflammatory dysregulation [21, 

109, 110]. The simultaneous assessment of myocardial 

exercise tolerance and biomarkers of microvascular 

changes using non-invasive vascular function tests [111-

113] in HFpEF patients could enable early diagnosis and 

guide personalized interventions [21, 114], including 

structured exercise training [115], to improve vascular 

function and HFpEF prognosis. Our group has 

investigated non-invasive vascular reactivity techniques 

such as flow-mediated dilation of the brachial artery, 

reactive hyperemia with peripheral artery tonometry, and 

retinal dynamic vessel analysis, as clinically relevant in 

vascular ageing and cardiovascular diseases [116, 117]. 

We also showed that in HFpEF cohorts, exercise training 

resulted in distinct metabolic protein alterations [118] 

with high variability, potentially explained by differences 

in vascular dysfunction [115]. Future research should 

refine diagnostic and therapeutic strategies for HFpEF, 

particularly in vascular dysfunction and exercise 

intolerance [119, 120]. Assessing hemodynamic 

parameters and coronary microvascular function using 

non-invasive MRI-based techniques may enhance early 

detection and targeted interventions. Investigating 

peripheral microvascular function and serum biomarkers 

linked to vascular aging and HFpEF could further clarify 

disease mechanisms and identify novel diagnostic 

markers. Given that exercise intolerance limits frailty and 

fall prevention strategies, evaluating exercise tolerance in 

HFpEF patients with and without controlled physical 

training will determine the impact of tailored exercise 

programs. Although exercise has shown positive effects 

on cardiac aging, existing studies are far from perfect. 

Confounding factors - such as the absence of a 

standardized metric for healthy aging and the 

underrepresentation of populations from low- and middle-

income countries - limit the generalizability of the 

findings [121]. There is growing recognition that 

individual responses to exercise are not uniform [122].  

Genetic differences, other confounding factors 

significantly influence cardiovascular aging and it’s 

response to physical activity. However, these genetic 

variances are not yet routinely accounted for in clinical 

studies. This state-of-affairs limits our understanding of 

personalized effects. Fortunately, decreasing sequencing 

costs and advances in data collection, sharing, and 

analysis offer promising opportunities to better 

understand not only the mechanisms of healthy aging but 

also individual responses to interventions [123]. 

Additionally, developing a risk score for early HFpEF 

diagnosis and personalized exercise prescriptions by 

integrating hemodynamic, microvascular, and biomarker 

data may improve early intervention and individualized 

rehabilitation strategies. These efforts could enhance risk 

stratification, functional capacity, and cardiovascular 

resilience in older adults.  

 

2.5 Osteoporosis & Fracture Treatment 

 

Osteoporosis, characterized by bone deterioration, is a 

primary contributor to fragility fractures in older adults 

(Fig. 1). These fractures often lead to chronic pain, 

reduced mobility, increased mortality, and diminished 

quality of life [124]. In older adults, low body weight 

often relates to low muscle mass and function and poor 

physical performance, indicative for sarcopenia. Co-

occurring with osteoporosis, this condition further 

increases fracture risk [125]. A body mass index (BMI) of 

15 kg/m², compared to a BMI of 25 kg/m², is associated 

with a hazard ratio for hip fracture of 2.9 in women [126]. 

Our previous research has demonstrated that lower 

anthropometric measurements, including body mass 

index (BMI), are associated with a reduced bone stiffness 

index as measured by quantitative ultrasound at the heel 
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[127].  Maintaining a body mass index (BMI) above 20 

kg/m², yet below the obesity threshold, is recommended 

to minimize health risks [128]. Investigating the complex 

relationships among obesity, frailty, and osteoporosis is 

essential, as obesity can influence both bone health and 

physical function, thereby affecting frailty progression 

(Fig. 1). When adipogenesis outweighs osteoblasto-

genesis, bone formation may decrease [129], resulting in 

impaired bone turnover. Clinical studies have 

demonstrated significant associations between pro-

inflammatory adipokines and adverse bone outcomes, 

including reduced bone mineral density and increased 

fracture risk [130, 131]. Excessive lipid accumulation 

leading to bone marrow adiposity negatively impacts 

bone tissue [132]. Statins may enhance bone mineral 

density (BMD) and reduce fracture risk [129]. Obesity is 

linked to decreased vitamin D levels, crucial for calcium 

homeostasis and bone health [133].  

Vitamin D. While earlier studies suggested that 

vitamin D supplementation reduces fall risk compared to 

control interventions, recent systematic reviews of 

randomized controlled trials (RCTs) challenge this 

notion. A comprehensive meta-analysis assessing vitamin 

D (and its analogues) for fall prevention in community-

dwelling older adults without specific indications for 

supplementation found no consistent benefit [134, 135]. 

Among the trials analyzed, five showed no reduction in 

fall risk, one reported a decrease, and another observed an 

increase in falls [134, 135]. There are notable strengths 

and limitations within the cited studies and supporting 

evidence. A strength of the available research lies in the 

inclusion of large, well-conducted randomized controlled 

trials, which enhance the reliability of findings. However, 

significant heterogeneity exists across studies in terms of 

baseline vitamin D status, dosing regimens, duration of 

supplementation, and participant characteristics—all of 

which contribute to inconsistent outcomes. Additionally, 

many trials were not specifically designed to assess falls 

as a primary endpoint, limiting the interpretability of their 

findings for fall prevention. These variations make it 

difficult to draw definitive conclusions regarding the role 

of vitamin D supplementation in reducing fall risk across 

diverse older adult populations.  Given this lack of clear 

efficacy, routine vitamin D supplementation solely for fall 

prevention and primary prevention of fractures 

(postmenopausal women) in community-dwelling older 

adults is not recommended [134-136].  However, 

emerging evidence from the DO-HEALTH Randomized 

Clinical Trial suggests that a combination of vitamin D3, 

marine omega-3 fatty acids, and a structured home 

exercise program (SHEP) may offer benefits in prevention 

of both frailty and falls among generally healthy older 

adults [137, 138]. All three treatments had additive 

benefits on measures of biological aging (PhenoAge, 

GrimAge, GrimAge2 and DunedinPACE) [139]. These 

findings highlight the potential for multimodal 

interventions in promoting musculoskeletal health and 

resilience in aging populations, warranting further 

investigation into synergistic effects beyond fall 

prevention alone. 

Injury Prevention. Effective injury prevention in 

older adults should prioritize the assessment and 

management of fracture risk, particularly in those with a 

history of fragility fractures. Individuals with a previous 

vertebral or hip fracture resulting from minimal trauma 

should receive pharmacologic treatment for osteoporosis 

to reduce the likelihood of subsequent fractures. In the 

United States, bone mineral density (BMD) assessment is 

recommended for women aged 65 years and older or for 

those with major risk factors for osteoporosis, even in the 

absence of prior fractures, to facilitate early diagnosis and 

intervention [140, 141].  A meta-analysis of randomized 

controlled trials found no significant reduction in hip 

fracture risk with use of hip protectors [142]. Osteoporosis 

management, fall prevention strategies, and multimodal 

interventions remain the cornerstone of fracture risk 

reduction in aging individuals. In October 2023, the 

German-speaking scientific osteological societies (DVO) 

released an updated guideline on osteoporosis prevention, 

diagnosis, and treatment in postmenopausal women and 

men over 50 years. Key updates include a shift from 10-

year to 3-year fracture risk assessment and revised 

treatment thresholds. For a 3-year fracture risk >10%, 

osteoanabolic therapy is recommended first, followed by 

antiresorptive therapy [128]. Pelvic and acetabular 

fractures in older adults are rising entities and pose 

challenges due to complex injuries, poor bone quality, and 

disability risks [143, 144]. No consensus exists on optimal 

treatment - conservative management, fixation, or joint 

replacement. Each approach has benefits and risks [145, 

146]. The lack of clear evidence necessitates 

biomechanical, clinical, and registry-based research to 

investigate treatment mechanisms and optimize 

outcomes.  

Future research should focus on optimizing fracture 

management in older patients through evidence-based 

treatment strategies. In biomechanical laboratories, 

different approaches using synthetic and cadaveric hip 

specimens can be applied to investigate trauma 

mechanisms, surgical care pathways, bone metabolism, 

and fixation failure. Key areas of study include metabolic 

age scores [147] and novel biomarkers [148, 149] to 

improve risk assessment. By integrating Omics, scRNA 

sequencing, biomarkers, imaging, and epidemiological 

analyses, causal mechanisms and clinically relevant risk 

factors can be identified, ultimately advancing prevention 

and treatment strategies. 
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2.6 Malnutrition & Nutrition Strategies 

 

Dietary intake and quality are key contributors to frailty 

and fall risk in older adults (Fig. 1) [150].   Protein intake, 

a crucial component of nutritional guidelines for 

malnutrition and frailty, plays a central role in maintaining 

muscle mass and function [151]. Protein consumption 

below 1.2 g/kg/day has been significantly associated with 

increased frailty risk [152], highlighting the importance of 

adequate dietary protein. The Mediterranean diet, widely 

recognized as one of the healthiest dietary patterns, has 

shown promising benefits for frailty prevention [153, 154] 

[155]. A recent study demonstrated that adherence to the 

Mediterranean diet is associated with lower odds of frailty 

in older adults [156]. These findings suggest that 

nutritional strategies emphasizing protein intake and 

Mediterranean diet adherence may play a vital role in 

mitigating frailty and its associated complications. The 

DO-HEALTH Trial suggests that combining vitamin D3, 

omega-3 fatty acids, and a structured home exercise 

program (SHEP) may help prevent frailty and falls in 

generally healthy older adults [137, 138].  Given that 

protein sources vary in their beneficial and harmful 

components, maintaining dietary protein diversity may 

serve as a protective strategy against frailty [152].  

Poor micronutrient status has been associated with 

frailty (Fig. 1) [157]. A recent study by Kuczmarski et al. 

found that an anti-inflammatory diet, rich in dietary 

antioxidants, fiber, vegetables, and fruits while low in 

ultra-processed foods, significantly reduced the risk of 

prefrailty and frailty in the longitudinal Healthy Aging in 

Neighborhoods of Diversity across the Life Span 

(HANDLS) study over an 8.7-year follow-up in middle-

aged adults [158]. These findings align with data showing 

higher intake of antioxidants, including vitamins A, C, E, 

selenium, zinc, and carotenoids, have a significantly 

lower risk of developing frailty symptoms [159]. A review 

of 16 RCTs suggested that the higher the intake of omega-

3 polyunsaturated fatty acids (PUFAs), the greater the 

improvement in upper-extremity muscle strength and 

lower-extremity physical function [160]. The intake of 

seafood/fish (with increased circulating levels of omega-

3 PUFAs) is associated with lower measures of frailty 

[161, 162].  From a dietary perspective, current research 

indicates that frailty prevention and management should 

focus on adequate protein intake from diverse sources, 

including animal proteins (with limited red meat) and 

plant-based proteins. Additionally, a diet rich in anti-

inflammatory and antioxidant nutrients, emphasizing 

fruits, vegetables, and healthy vegetable oils (e.g., the 

Mediterranean diet), is recommended to support muscle 

health and overall resilience in aging individuals [152]. 

The mechanisms of health effects of omega-3 and 

omega-6 fatty acids have been the subject of ongoing 

scientific debate for years [163]. While metabolites 

derived from arachidonic acid (omega 6-fatty acids), such 

as leukotrienes and prostaglandins, have traditionally 

been associated with pro-inflammatory processes [164], 

oxylipins derived from eicosapentaenoic acid (EPA) and 

docosahexaenoic acid (DHA), both omega 3-fatty acids, 

have been described to exert anti-inflammatory and 

health-promoting effects [165]. However, beyond these 

well-characterized C20- and C22-fatty acids, the 

biological relevance of C18-fatty acids, including linoleic 

acid (LA, omega 6) and α-linolenic acid (ALA, omega 3), 

and their metabolites, known as C18-oxylipins 

(octadecanoids), have remained largely underexplored. 

Emerging evidence suggests that octadecanoids influence 

inflammation, metabolism, cell proliferation, and pain 

modulation [166-171]. Additionally, LA has been linked 

to benefits in metabolic disorders, cardiovascular 

diseases, and cancer [172-174]. These findings challenge 

the oversimplified distinction of omega 3-fatty acids as 

beneficial and omega 6-fatty acids as harmful, 

highlighting the need for a more nuanced understanding 

of their physiological roles, particularly in the context of 

octadecanoids and their integration into healthy dietary 

patterns.  Previous research investigated biological targets 

in fatty acid metabolism, explored the role of oxylipins in 

inflammation and developed pharmacological modulators 

using advanced techniques such as LC-MS/MS and SFC-

MS analysis [175-180]. The impact of targeted nutritional 

strategies on inflamma-aging [181, 182] and malnutrition-

sarcopenia has been investigated [183-185]. Future 

research could explore the role of octadecanoids in the 

health of older individuals by comparing their metabolic 

impact in those with and without age-related 

inflammation. This investigation may help clarify the 

mechanisms underlying the observed association between 

high adherence to the Mediterranean and similar dietary 

patterns and a significantly lower incidence of frailty in 

community-dwelling older adults. Furthermore, these 

insights could contribute to the development of innovative 

nutritional and therapeutic strategies aimed at modulating 

inflammation in aging organs, ultimately improving 

health outcomes in older adults. 

Additionally, pharmacological interventions, 

including well-known inhibitors of the eicosanoid 

pathways such as soluble epoxide hydrolase inhibitors, 

cycloxygenase inhibitors and lipoxygenase inhibitors, 

should be utilized to distinguish enzymatic biosynthetic 

pathways from non-enzymatic oxylipin formation, aiming 

to identify novel drug targets. Translational research can 

be further advanced through cohort studies, with a 

particular emphasis on the interplay between 

Mediterranean dietary patterns, oxylipins and frailty, 

thereby bridging fundamental mechanistic insights with 

clinical applications.  
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Together, these approaches can contribute to the 

development of anti-inflammatory therapies and the 

identification of mechanisms that counteract age-related 

organ and tissue deterioration, ultimately promoting 

healthier aging. 

 

2.6 Cognitive Training & Brain Stimulation 

 

Cognitive impairment is an independent risk factor for 

falls, regardless of the medications used to treat them (Fig. 

1) [186, 187].  Brief screening tools, such as the Mini-

Mental State Examination (MMSE), clock-drawing test, 

Mini-Cog for cognitive impairment provide efficient 

initial assessments in clinical practice [188].  Patients who 

screen positive should undergo further evaluation, 

including an assessment for reversible causes such as 

hypothyroidism or vitamin deficiencies, which can 

contribute to cognitive and mood disturbances. Given the 

association of antidepressants with increased fall risk 

[189] and cholinesterase inhibitors with a higher 

incidence of syncope [190], a nonpharmacologic 

approach should be prioritized when managing depression 

and cognitive decline [17]. Strategies for cognitive 

enhancement with potentially severe side effects (e.g., 

anti-amyloid treatments in patients with subjective or 

mild cognitive impairment or dementia) are often not 

justifiable in terms of risk-benefit ratio, and non-drug 

behavioral strategies, such as cognitive training are 

desirable.  Cognitive enhancement interventions offer a 

means to improve memory functions, with significant 

implications for daily functioning [191, 192].    

When combined with non-invasive brain stimulation, 

these interventions may yield longer-lasting effects that 

extend beyond the trained tasks to enhance other, "non-

trained" cognitive abilities [193]. Notably, transcranial 

electrical stimulation (tES), a leading non-invasive brain 

stimulation technique, has shown promising results in 

augmenting cognitive performance in older adults, 

particularly when integrated with targeted training 

programs [194, 195]. On a cellular level, tES increases 

cortical excitability by changing membrane potentials 

toward depolarization, tuning ongoing neural processes, 

and promoting long-term-potentiation-like synaptic 

plasticity [196]. 

The cited research highlights a range of strengths 

alongside certain limitations. While the findings are 

promising, training programs are often demanding and 

prolonged, with inconclusive evidence regarding the 

sustainability and transferability of their effects [191]. 

Additionally, limitations exist in the methods used to 

define cognitive impairment, as well as in how fall 

outcomes are classified—both of which significantly 

influence risk quantification. Although strong evidence 

links global cognitive measures with serious fall-related 

injuries, there remains no consensus on specific threshold 

values [187]. 

The neural changes associated with aging result in 

distinct mechanisms underlying interventional effects, 

differing not only between older and younger brains but 

also among older individuals themselves [194, 197]. 

Understanding these mechanisms is crucial for the 

development of effective interventions. Additionally, 

growing evidence suggests that a one-size-fits-all 

approach may be suboptimal; instead, individualized 

protocols are increasingly recognized as essential to 

achieving maximal benefits [198]. However, the optimal 

stimulation parameters remain undefined, and studies 

employing prospectively personalized protocols have yet 

to be conducted. The clinical relevance of these 

interventions is constrained by their ability to produce 

lasting effects, a challenge that remains under active 

investigation. To date, cognitive improvements resulting 

from intensive training protocols combined with brain 

stimulation over several weeks typically persist for only 

1-3 months [199, 200]. Incorporating “booster” training 

sessions—repeating the intervention at scheduled 

intervals—holds potential for inducing more durable, 

long-term effects [201]. However, this hypothesis 

warrants exploration in future research.  

Together, tES-assisted cognitive interventions have 

the potential to improve cognitive functioning beyond the 

trained task and thus reduce frailty in community-

dwelling older adults. 

 

3. Biostatistics & Machine Learning 

 

For all evidence-based approaches above, biostatistics 

plays a pivotal role. The discrimination of treatment 

effects from random noise, the identification of patterns 

within complex datasets and ultimately any sophisticated 

evidence-based decision-making relies on solid, unbiased 

data analyses. While biostatistics, in its broad and general 

sense, remains a cornerstone of medical research, artificial 

intelligence (AI) has advanced rapidly in recent years, 

emerging as a transformative force in many areas 

including medicine. Here, a key strength of future 

collaborative projects will emerge. With the extensive 

information and data collected from the different risk and 

research domains above, novel approaches will be able to 

apply a powerful unsupervised machine learning (ML) 

algorithm to generate two distinct clusters, aiming to 

distinguish frail vs non-frail patients.  Unlike 

conventional classifications such as Fried et al. [2]  or 

Rockwood et al. [7, 8] this AI-driven approach is entirely 

data-driven and objective, relying on evidence rather than 

predefined criteria (Fig. 1). Thus, instead of advancing 

isolated projects independently, integrating them into a 
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cohesive framework unlocks unparalleled synergies for 

this ML-procedure, maximizing insights and efficiency. 

Furthermore, for supervised ML-procedures, 

especially in the data-sensitive field of medicine, 

comprehensibility of and trust in AI-results are 

imperative, while powerful techniques like neural 

networks and deep learning become increasingly 

intransparent. Explainable AI (XAI) bridges theses 

technological advancements with aspects of human 

perception and interaction. [202] Techniques such as 

feature attribution methods (e.g., LIME, SHAP), neural 

saliency mapping, and rule-based approaches have been 

developed to provide insights into the inner workings of 

models. Collaboration of clinicians with statisticians 

should assess the practical comprehensibility of different 

XAI techniques. These efforts will enhance AI useability, 

making it safer and more interpretable for clinical trials 

and medical decision-making. Explanations however vary 

due to factors like data dependency, model architecture, 

explanation methods, and stochastic influences. Future 

research should also aim to analyze and minimize these 

variations using statistical techniques, improving the 

reliability and stability of XAI systems. 

 

4. Digital Health in the Prevention of Falls and 

Frailty 

 

Digital health technologies are revolutionizing the 

prevention of falls and frailty, particularly in rural areas, 

where access to specialized healthcare is often limited. 

Wearable sensors, mobile health applications, and remote 

monitoring systems enable continuous assessment of 

mobility, balance, and physical activity, allowing for early 

detection of functional decline and timely, personalized 

interventions [203-206]. Motion-sensing technologies, 

such as accelerometers and gyroscopes in smart devices, 

can track gait patterns and postural stability, identifying 

subtle changes that indicate increased fall risk [207]. 

These insights facilitate real-time feedback and adaptive 

interventions [208],  including tailored physical exercise 

programs [209] that enhance strength, balance, and 

mobility, helping older adults maintain independence and 

reduce the likelihood of institutionalization. 

Televisits and telemedicine expand access to fall 

prevention programs, including virtual physiotherapy, 

cognitive training, and medication reviews, ensuring that 

older adults—especially those in rural areas—receive 

timely and evidence-based care [210-212]. AI-driven fall 

risk prediction models integrate data from wearables, 

electronic health records, and patient-reported outcomes, 

enabling individualized exercise prescriptions and long-

term monitoring of adherence [213, 214]. Supervised 

home-based exercise interventions, such as Otago or 

structured balance training, can be delivered via digital 

platforms, improving long-term engagement and 

effectiveness [215]. 

In addition to mobility support, digital health 

addresses vision and hearing impairments, which are key 

yet often overlooked contributors to fall risk. Virtual 

screenings and Artificial (AI)-enhanced assistive devices, 

such as smart hearing aids and visual aids, help mitigate 

sensory deficits [216, 217]. Home modification 

occupational therapy counseling is essential in adapting 

living environments for safety, integrating fall detection 

systems, automated lighting, and voice-activated 

assistants to support independent living [218]. 

By combining telemedicine, digital monitoring, 

tailored digital physical exercise interventions, sensory 

support, and home modifications, digital health offers a 

comprehensive, data-driven approach to reducing frailty 

and falls. These innovations enable older adults to live 

safely and independently in their own homes for longer, 

delaying or avoiding the need for nursing home 

placement, and ultimately improving mobility, 

accessibility, and quality of life in aging populations, 

particularly in underserved rural communities. 

 

5. Concluding remarks 

 

This mini-review has underscored the critical domains in 

the prevention of falls and frailty in older adults, 

emphasizing the importance of multifactorial 

interventions over standard care. Effective strategies 

include medication review and deprescribing, 

polypharmacy management, treatment of orthostatic 

hypotension, structured physical exercise, osteoporosis 

and fracture prevention, nutritional optimization, and 

cognitive training. Special consideration is needed for 

individuals with reduced kidney function, which 

significantly influences drug metabolism and overall 

treatment efficacy. Furthermore, HFpEF, an 

underdiagnosed condition with poor prognosis, emerges 

as a crucial factor, given its association with 

inflammation, exercise intolerance, and increased fall 

risk. These insights underscore the urgent need for a 

translational research approach to bridge evidence-

practice gaps and refine personalized interventions. 

Future investigations should integrate micro- to macro-

level methodologies, utilizing animal models and human 

clinical trials to uncover underlying mechanisms and 

develop targeted therapeutic strategies. By advancing 

precision medicine in geriatric care, these efforts hold the 

potential to enhance functional independence and overall 

health outcomes in aging populations. 

  

 

 

 



 Tsvetkov D., et al.                                                                                                         Where Ideas Grow: GRK 

  

Aging and Disease • Volume 17, Number 3, June 2026                                                                         1297 

 

Acknowledgements 

 

We appreciate the continuous support from the German 

Research Foundation (Deutsche Forschungsgemeins-

chaft, DFG, including, among others, DFG Project 

#493623784) and Federal Ministry of Education and 

Research (Bundesministerium für Bildung und 

Forschung, BMBF) (01GY2201), which have been 

instrumental in enabling us to explore this exciting area of 

research. During the preparation of this manuscript, the 

authors used ChatGPT-4 in order to improve language and 

readability. Authors are fully responsible for the accuracy, 

originality, and integrity of their work, including any AI-

assisted content. Figures were created using Corel Draw 

or BioRender. 

 

References 

 
[1] Junius-Walker U, Onder G, Soleymani D, Wiese B, 

Albaina O, Bernabei R, et al. (2018). The essence of 

frailty: A systematic review and qualitative synthesis on 

frailty concepts and definitions. Eur J Intern Med, 56:3-

10. 

[2] Fried LP, Tangen CM, Walston J, Newman AB, Hirsch 

C, Gottdiener J, et al. (2001). Frailty in older adults: 

evidence for a phenotype. J Gerontol A Biol Sci Med 

Sci, 56:M146-156. 

[3] Kim DH, Rockwood K (2024). Frailty in Older Adults. 

Reply. N Engl J Med, 391:1759-1760. 

[4] Dent E, Martin FC, Bergman H, Woo J, Romero-

Ortuno R, Walston JD (2019). Management of frailty: 

opportunities, challenges, and future directions. Lancet, 

394:1376-1386. 

[5] Cheung JTK, Yu R, Wu Z, Wong SYS, Woo J (2018). 

Geriatric syndromes, multimorbidity, and disability 

overlap and increase healthcare use among older 

Chinese. BMC Geriatr, 18:147. 

[6] Baztan JJ, De la Puente M, Socorro A (2017). Frailty, 

functional decline and mortality in hospitalized older 

adults. Geriatr Gerontol Int, 17:664-666. 

[7] Mitnitski AB, Mogilner AJ, Rockwood K (2001). 

Accumulation of deficits as a proxy measure of aging. 

ScientificWorldJournal, 1:323-336. 

[8] Rockwood K, Mitnitski A (2007). Frailty in relation to 

the accumulation of deficits. J Gerontol A Biol Sci Med 

Sci, 62:722-727. 

[9] Xue QL (2011). The frailty syndrome: definition and 

natural history. Clin Geriatr Med, 27:1-15. 

[10] Moreland B, Kakara R, Henry A (2020). Trends in 

Nonfatal Falls and Fall-Related Injuries Among Adults 

Aged >/=65 Years - United States, 2012-2018. MMWR 

Morb Mortal Wkly Rep, 69:875-881. 

[11] Kelsey JL, Procter-Gray E, Hannan MT, Li W (2012). 

Heterogeneity of falls among older adults: implications 

for public health prevention. Am J Public Health, 

102:2149-2156. 

[12] Morin AG, Somme D, Corvol A (2024). 

Rhabdomyolysis in older adults: outcomes and 

prognostic factors. BMC Geriatr, 24:46. 

[13] Scheffer AC, Schuurmans MJ, van Dijk N, van der 

Hooft T, de Rooij SE (2008). Fear of falling: 

measurement strategy, prevalence, risk factors and 

consequences among older persons. Age Ageing, 

37:19-24. 

[14] Hamm J, Money AG, Atwal A, Paraskevopoulos I 

(2016). Fall prevention intervention technologies: A 

conceptual framework and survey of the state of the art. 

J Biomed Inform, 59:319-345. 

[15] Trevisan C, Crippa A, Ek S, Welmer AK, Sergi G, 

Maggi S, et al. (2019). Nutritional Status, Body Mass 

Index, and the Risk of Falls in Community-Dwelling 

Older Adults: A Systematic Review and Meta-

Analysis. J Am Med Dir Assoc, 20:569-582 e567. 

[16] Burnes D, Sheppard C, Henderson CR, Jr., Wassel M, 

Cope R, Barber C, et al. (2019). Interventions to Reduce 

Ageism Against Older Adults: A Systematic Review 

and Meta-Analysis. Am J Public Health, 109:e1-e9. 

[17] Ganz DA, Latham NK (2020). Prevention of Falls in 

Community-Dwelling Older Adults. N Engl J Med, 

382:734-743. 

[18] Hopewell S, Adedire O, Copsey BJ, Boniface GJ, 

Sherrington C, Clemson L, et al. (2018). Multifactorial 

and multiple component interventions for preventing 

falls in older people living in the community. Cochrane 

Database Syst Rev, 7:CD012221. 

[19] Bruck K, Stel VS, Gambaro G, Hallan S, Volzke H, 

Arnlov J, et al. (2016). CKD Prevalence Varies across 

the European General Population. J Am Soc Nephrol, 

27:2135-2147. 

[20] Fayol A, Wack M, Livrozet M, Carves JB, Domenge O, 

Vermersch E, et al. (2022). Aetiological classification 

and prognosis in patients with heart failure with 

preserved ejection fraction. ESC Heart Fail, 9:519-530. 

[21] Lau ES, Roshandelpoor A, Zarbafian S, Wang D, 

Guseh JS, Allen N, et al. (2023). Eicosanoid and 

eicosanoid-related inflammatory mediators and 

exercise intolerance in heart failure with preserved 

ejection fraction. Nat Commun, 14:7557. 

[22] Zaninotto P, Huang YT, Di Gessa G, Abell J, Lassale 

C, Steptoe A (2020). Polypharmacy is a risk factor for 

hospital admission due to a fall: evidence from the 

English Longitudinal Study of Ageing. BMC Public 

Health, 20:1804. 

[23] Dhalwani NN, Fahami R, Sathanapally H, Seidu S, 

Davies MJ, Khunti K (2017). Association between 

polypharmacy and falls in older adults: a longitudinal 

study from England. BMJ Open, 7:e016358. 

[24] Mangoni AA, Jackson SH (2004). Age-related changes 

in pharmacokinetics and pharmacodynamics: basic 

principles and practical applications. Br J Clin 

Pharmacol, 57:6-14. 

[25] Lau SWJ, Huang Y, Hsieh J, Wang S, Liu Q, Slattum 

PW, et al. (2022). Participation of Older Adults in 

Clinical Trials for New Drug Applications and 

Biologics License Applications From 2010 Through 

2019. JAMA Netw Open, 5:e2236149. 



 Tsvetkov D., et al.                                                                                                         Where Ideas Grow: GRK 

  

Aging and Disease • Volume 17, Number 3, June 2026                                                                         1298 

 

[26] Drenth-van Maanen AC, Wilting I, Jansen PAF (2020). 

Prescribing medicines to older people-How to consider 

the impact of ageing on human organ and body 

functions. Br J Clin Pharmacol, 86:1921-1930. 

[27] Oosting IJ, Colombijn JMT, Kaasenbrood L, Liabeuf S, 

Laville SM, Hooft L, et al. (2024). Polypharmacy in 

Patients with CKD: A Systematic Review and Meta-

Analysis. Kidney360, 5:841-850. 

[28] Kimura H, Tanaka K, Saito H, Iwasaki T, Oda A, 

Watanabe S, et al. (2021). Association of Polypharmacy 

with Kidney Disease Progression in Adults with CKD. 

Clin J Am Soc Nephrol, 16:1797-1804. 

[29] Kang H, Hong SH (2019). Risk of Kidney Dysfunction 

from Polypharmacy among Older Patients: A Nested 

Case-Control Study of the South Korean Senior Cohort. 

Sci Rep, 9:10440. 

[30] Kuppe C, Ibrahim MM, Kranz J, Zhang X, Ziegler S, 

Perales-Paton J, et al. (2021). Decoding myofibroblast 

origins in human kidney fibrosis. Nature, 589:281-286. 

[31] Miguel V, Shaw IW, Kramann R (2025). Metabolism at 

the crossroads of inflammation and fibrosis in chronic 

kidney disease. Nat Rev Nephrol, 21:39-56. 

[32] Tanaka S, Portilla D, Okusa MD (2023). Role of 

perivascular cells in kidney homeostasis, inflammation, 

repair and fibrosis. Nat Rev Nephrol, 19:721-732. 

[33] Riehle M, Buscher AK, Gohlke BO, Kassmann M, 

Kolatsi-Joannou M, Brasen JH, et al. (2016). TRPC6 

G757D Loss-of-Function Mutation Associates with 

FSGS. J Am Soc Nephrol, 27:2771-2783. 

[34] Zheng Z, Xu Y, Krugel U, Schaefer M, Grune T, 

Nurnberg B, et al. (2022). In Vivo Inhibition of TRPC6 

by SH045 Attenuates Renal Fibrosis in a New Zealand 

Obese (NZO) Mouse Model of Metabolic Syndrome. 

Int J Mol Sci, 23. 

[35] Batool L, Hariharan K, Xu Y, Kassmann M, Tsvetkov 

D, Gohlke BO, et al. (2023). An inactivating human 

TRPC6 channel mutation without focal segmental 

glomerulosclerosis. Cell Mol Life Sci, 80:265. 

[36] Lin BL, Matera D, Doerner JF, Zheng N, Del Camino 

D, Mishra S, et al. (2019). In vivo selective inhibition 

of TRPC6 by antagonist BI 749327 ameliorates fibrosis 

and dysfunction in cardiac and renal disease. Proc Natl 

Acad Sci U S A, 116:10156-10161. 

[37] Zheng Z, Tsvetkov D, Bartolomaeus TUP, Erdogan C, 

Krugel U, Schleifenbaum J, et al. (2022). Role of 

TRPC6 in kidney damage after acute ischemic kidney 

injury. Sci Rep, 12:3038. 

[38] Mallal S, Phillips E, Carosi G, Molina JM, Workman 

C, Tomazic J, et al. (2008). HLA-B*5701 screening for 

hypersensitivity to abacavir. N Engl J Med, 358:568-

579. 

[39] Pirmohamed M, Burnside G, Eriksson N, Jorgensen 

AL, Toh CH, Nicholson T, et al. (2013). A randomized 

trial of genotype-guided dosing of warfarin. N Engl J 

Med, 369:2294-2303. 

[40] Claassens DMF, Vos GJA, Bergmeijer TO, 

Hermanides RS, van 't Hof AWJ, van der Harst P, et al. 

(2019). A Genotype-Guided Strategy for Oral P2Y(12) 

Inhibitors in Primary PCI. N Engl J Med, 381:1621-

1631. 

[41] Swen JJ, van der Wouden CH, Manson LE, Abdullah-

Koolmees H, Blagec K, Blagus T, et al. (2023). A 12-

gene pharmacogenetic panel to prevent adverse drug 

reactions: an open-label, multicentre, controlled, 

cluster-randomised crossover implementation study. 

Lancet, 401:347-356. 

[42] Kim JH, Lee SJ, Cha JJ, Park JH, Hong SJ, Ahn TH, et 

al. (2024). Prognostic Impact of CYP2C19 Genotypes 

on Long-Term Clinical Outcomes in Older Patients 

After Percutaneous Coronary Intervention. J Am Heart 

Assoc, 13:e032248. 

[43] Zhang Y, de Boer A, Verhoef TI, van der Meer FJ, Le 

Cessie S, Manolopoulos VG, et al. (2017). Age-

stratified outcome of a genotype-guided dosing 

algorithm for acenocoumarol and phenprocoumon. J 

Thromb Haemost, 15:454-464. 

[44] Ducker CM, Brockmoller J (2019). Genomic Variation 

and Pharmacokinetics in Old Age: A Quantitative 

Review of Age- vs. Genotype-Related Differences. Clin 

Pharmacol Ther, 105:625-640. 

[45] Kirchheiner J, Schmidt H, Tzvetkov M, Keulen JT, 

Lotsch J, Roots I, et al. (2007). Pharmacokinetics of 

codeine and its metabolite morphine in ultra-rapid 

metabolizers due to CYP2D6 duplication. 

Pharmacogenomics J, 7:257-265. 

[46] Matthaei J, Kuron D, Faltraco F, Knoch T, Dos Santos 

Pereira JN, Abu Abed M, et al. (2016). OCT1 mediates 

hepatic uptake of sumatriptan and loss-of-function 

OCT1 polymorphisms affect sumatriptan 

pharmacokinetics. Clin Pharmacol Ther, 99:633-641. 

[47] Stamer UM, Musshoff F, Stuber F, Brockmoller J, 

Steffens M, Tzvetkov MV (2016). Loss-of-function 

polymorphisms in the organic cation transporter OCT1 

are associated with reduced postoperative tramadol 

consumption. Pain, 157:2467-2475. 

[48] Tzvetkov MV, Matthaei J, Pojar S, Faltraco F, Vogler 

S, Prukop T, et al. (2018). Increased Systemic Exposure 

and Stronger Cardiovascular and Metabolic Adverse 

Reactions to Fenoterol in Individuals with Heritable 

OCT1 Deficiency. Clin Pharmacol Ther, 103:868-878. 

[49] Meyer-Tönnies M, Wind A, Karaica D, Micek V, 

Vrhovac Madunic I, Breljak D, et al. (2023). Effect of 

aging on the pharmacokinetics of metformin, penicillin, 

sumatriptan, and metoprolol in rats. Naunyn-

Schmiedeberg’s Archives of Pharmacology. , 396. 

[50] Meyer-Tonnies MJ, L S, W H, JR T, Tzvetkov MV 

(2025). Retrospective pharmacogenetic analyses of the 

DelpHi-MV study. . Naunyn-Schmiedeberg’s Arch. 

Pharmacol.:P215. 

[51] Burt T, Young G, Lee W, Kusuhara H, Langer O, 

Rowland M, et al. (2020). Phase 0/microdosing 

approaches: time for mainstream application in drug 

development? Nat Rev Drug Discov, 19:801-818. 

[52] Saromba JA, Muller JP, Tupiec J, Roeth A, Kurt B, 

Kahles F, et al. (2025). Solanidine-derived CYP2D6 

phenotyping elucidates phenoconversion in 

multimedicated geriatric patients. Br J Clin Pharmacol. 

[53] Motter FR, Fritzen JS, Hilmer SN, Paniz EV, Paniz 

VMV (2018). Potentially inappropriate medication in 



 Tsvetkov D., et al.                                                                                                         Where Ideas Grow: GRK 

  

Aging and Disease • Volume 17, Number 3, June 2026                                                                         1299 

 

the elderly: a systematic review of validated explicit 

criteria. Eur J Clin Pharmacol, 74:679-700. 

[54] Ma W, Wang H, Wen Z, Liu L, Zhang X (2023). 

Potentially inappropriate medication and frailty in older 

adults: A systematic review and meta-analysis. Arch 

Gerontol Geriatr, 114:105087. 

[55] Malakouti SK, Javan-Noughabi J, Yousefzadeh N, 

Rezapour A, Mortazavi SS, Jahangiri R, et al. (2021). 

A Systematic Review of Potentially Inappropriate 

Medications Use and Related Costs Among the Elderly. 

Value Health Reg Issues, 25:172-179. 

[56] Farrell B, Pottie K, Thompson W, Boghossian T, 

Pizzola L, Rashid FJ, et al. (2017). Deprescribing 

proton pump inhibitors: Evidence-based clinical 

practice guideline. Can Fam Physician, 63:354-364. 

[57] Farrell B, Black C, Thompson W, McCarthy L, Rojas-

Fernandez C, Lochnan H, et al. (2017). Deprescribing 

antihyperglycemic agents in older persons: Evidence-

based clinical practice guideline. Can Fam Physician, 

63:832-843. 

[58] Pottie K, Thompson W, Davies S, Grenier J, Sadowski 

CA, Welch V, et al. (2018). Deprescribing 

benzodiazepine receptor agonists: Evidence-based 

clinical practice guideline. Can Fam Physician, 64:339-

351. 

[59] Campbell AJ, Robertson MC, Gardner MM, Norton 

RN, Buchner DM (1999). Psychotropic medication 

withdrawal and a home-based exercise program to 

prevent falls: a randomized, controlled trial. J Am 

Geriatr Soc, 47:850-853. 

[60] Carollo M, Boccardi V, Crisafulli S, Conti V, Gnerre P, 

Miozzo S, et al. (2024). Medication review and 

deprescribing in different healthcare settings: a position 

statement from an Italian scientific consortium. Aging 

Clin Exp Res, 36:63. 

[61] Cole JA, Goncalves-Bradley DC, Alqahtani M, Barry 

HE, Cadogan C, Rankin A, et al. (2023). Interventions 

to improve the appropriate use of polypharmacy for 

older people. Cochrane Database Syst Rev, 

10:CD008165. 

[62] Robinson M, Mokrzecki S, Mallett AJ (2024). Attitudes 

and barriers towards deprescribing in older patients 

experiencing polypharmacy: a narrative review. NPJ 

Aging, 10:6. 

[63] Eichler HG, Abadie E, Breckenridge A, Flamion B, 

Gustafsson LL, Leufkens H, et al. (2011). Bridging the 

efficacy-effectiveness gap: a regulator's perspective on 

addressing variability of drug response. Nat Rev Drug 

Discov, 10:495-506. 

[64] Mehuys E, Dupond L, Petrovic M, Christiaens T, Van 

Bortel L, Adriaens E, et al. (2012). Medication 

management among home-dwelling older patients with 

chronic diseases: possible roles for community 

pharmacists. J Nutr Health Aging, 16:721-726. 

[65] Schmidt SJ, Wurmbach VS, Lampert A, Bernard S, 

Consortium H-, Haefeli WE, et al. (2020). Individual 

factors increasing complexity of drug treatment-a 

narrative review. Eur J Clin Pharmacol, 76:745-754. 

[66] Hummler H, Sarwinska D, Weitschies W, Gollasch M, 

Page S (2023). Parameters to consider for successful 

medication use in older adults - An AGePOP review. 

Eur J Pharm Sci, 187:106453. 

[67] Stillhart C, Asteriadis A, Bocharova E, Eksteen G, 

Harder F, Kusch J, et al. (2023). The impact of 

advanced age on gastrointestinal characteristics that are 

relevant to oral drug absorption: An AGePOP review. 

Eur J Pharm Sci, 187:106452. 

[68] Sarwinska D, Grimm M, Krause J, Schick P, Gollasch 

M, Mannaa M, et al. (2024). Investigation of real-life 

drug intake behaviour in older adults and geriatric 

patients in Northern Germany - A biopharmaceutical 

perspective. Eur J Pharm Sci, 200:106814. 

[69] Hummler H, Page S, Stillhart C, Meilicke L, Grimm M, 

Mannaa M, et al. (2023). Influence of Solid Oral 

Dosage Form Characteristics on Swallowability, Visual 

Perception, and Handling in Older Adults. 

Pharmaceutics, 15. 

[70] Hummler H, Stillhart C, Meilicke L, Grimm M, Krause 

E, Mannaa M, et al. (2023). Impact of Tablet Size and 

Shape on the Swallowability in Older Adults. 

Pharmaceutics, 15. 

[71] Hummler H, Page S, Stillhart C, Lorenz P, Kromrey 

ML, Weitschies W, et al. (2024). Esophageal transit of 

solid oral dosage forms - impact of different surface 

materials characterized in vitro and in vivo by MRI in 

healthy volunteers. Eur J Pharm Sci, 203:106926. 

[72] Tzakri T, Rehenbrock L, Senekowitsch S, Rump A, 

Schick P, Krause J, et al. (2023). Determination of 

Gastric Water Emptying in Fasted and Fed State 

Conditions Using a Compression-Coated Tablet and 

Salivary Caffeine Kinetics. Pharmaceutics, 15. 

[73] Wohlgemuth A, Michalowsky B, Hoffmann W, Platen 

M, Engeli S, Wucherer D, et al. (2024). Prescriptions 

for Potentially Inappropriate Medication (PIM). Dtsch 

Arztebl Int, 121:25-26. 

[74] Mol A, Bui Hoang PTS, Sharmin S, Reijnierse EM, van 

Wezel RJA, Meskers CGM, et al. (2019). Orthostatic 

Hypotension and Falls in Older Adults: A Systematic 

Review and Meta-analysis. J Am Med Dir Assoc, 

20:589-597 e585. 

[75] Hohtari-Kivimaki U, Salminen M, Vahlberg T, Kivela 

SL (2021). Orthostatic Hypotension is a Risk Factor for 

Falls Among Older Adults: 3-Year Follow-Up. J Am 

Med Dir Assoc, 22:2325-2330. 

[76] Shaw BH, Borrel D, Sabbaghan K, Kum C, Yang Y, 

Robinovitch SN, et al. (2019). Relationships between 

orthostatic hypotension, frailty, falling and mortality in 

elderly care home residents. BMC Geriatr, 19:80. 

[77] Rivasi G, Rafanelli M, Mossello E, Brignole M, Ungar 

A (2020). Drug-Related Orthostatic Hypotension: 

Beyond Anti-Hypertensive Medications. Drugs Aging, 

37:725-738. 

[78] Schroeder C, Bush VE, Norcliffe LJ, Luft FC, Tank J, 

Jordan J, et al. (2002). Water drinking acutely improves 

orthostatic tolerance in healthy subjects. Circulation, 

106:2806-2811. 

[79] Kulkarni S, Jenkins D, Dhar A, Mir F (2024). Treating 

Lows: Management of Orthostatic Hypotension. J 

Cardiovasc Pharmacol, 84:303-315. 



 Tsvetkov D., et al.                                                                                                         Where Ideas Grow: GRK 

  

Aging and Disease • Volume 17, Number 3, June 2026                                                                         1300 

 

[80] Vidal-Petiot E, Pathak A, Azulay JP, Pavy-Le Traon A, 

Hanon O (2024). Orthostatic hypotension: Review and 

expert position statement. Rev Neurol (Paris), 180:53-

64. 

[81] Saz-Lara A, Cavero-Redondo I, Martinez-Vizcaino V, 

Luceron-Lucas-Torres M, Pascual-Morena C, Sequi-

Dominguez I (2023). Association between arterial 

stiffness and orthostatic hypotension: A systematic 

review and meta-analysis. Front Physiol, 14:1164519. 

[82] Gollasch M (2017). Adipose-Vascular Coupling and 

Potential Therapeutics. Annu Rev Pharmacol Toxicol, 

57:417-436. 

[83] Wang Y, Yildiz F, Struve A, Kassmann M, Marko L, 

Kohler MB, et al. (2021). Aging Affects K(V)7 

Channels and Perivascular Adipose Tissue-Mediated 

Vascular Tone. Front Physiol, 12:749709. 

[84] Li J, Tian Z, Zhang T, Jin J, Zhang X, Xie P, et al. 

(2024). Single-cell view and a novel protective 

macrophage subset in perivascular adipose tissue in 

T2DM. Cell Mol Biol Lett, 29:148. 

[85] Ramsey MW, Behnke BJ, Prisby RD, Delp MD (2007). 

Effects of aging on adipose resistance artery 

vasoconstriction: possible implications for orthostatic 

blood pressure regulation. J Appl Physiol (1985), 

103:1636-1643. 

[86] Cheng CK, Ding H, Jiang M, Yin H, Gollasch M, 

Huang Y (2023). Perivascular adipose tissue: Fine-

tuner of vascular redox status and inflammation. Redox 

Biol, 62:102683. 

[87] Fan G, Kassmann M, Cui Y, Matthaeus C, Kunz S, 

Zhong C, et al. (2020). Age attenuates the T-type Ca(V) 

3.2-RyR axis in vascular smooth muscle. Aging Cell, 

19:e13134. 

[88] Liu T, Dogan I, Rothe M, Kunz JV, Knauf F, Gollasch 

M, et al. (2022). Hemodialysis and biotransformation of 

erythrocyte epoxy fatty acids in peripheral tissue. 

Prostaglandins Leukot Essent Fatty Acids, 181:102453. 

[89] Lohn M, Dubrovska G, Lauterbach B, Luft FC, 

Gollasch M, Sharma AM (2002). Periadventitial fat 

releases a vascular relaxing factor. FASEB J, 16:1057-

1063. 

[90] Tsvetkov D, Schleifenbaum J, Wang Y, Kassmann M, 

Polovitskaya MM, Ali M, et al. (2024). KCNQ5 

Controls Perivascular Adipose Tissue-Mediated 

Vasodilation. Hypertension, 81:561-571. 

[91] Gollasch M, Welsh DG, Schubert R (2018). 

Perivascular adipose tissue and the dynamic regulation 

of K(v) 7 and K(ir) channels: Implications for resistant 

hypertension. Microcirculation, 25. 

[92] Sherrington C, Michaleff ZA, Fairhall N, Paul SS, 

Tiedemann A, Whitney J, et al. (2017). Exercise to 

prevent falls in older adults: an updated systematic 

review and meta-analysis. Br J Sports Med, 51:1750-

1758. 

[93] Tucker WJ, Fegers-Wustrow I, Halle M, Haykowsky 

MJ, Chung EH, Kovacic JC (2022). Exercise for 

Primary and Secondary Prevention of Cardiovascular 

Disease: JACC Focus Seminar 1/4. J Am Coll Cardiol, 

80:1091-1106. 

[94] Sherrington C, Fairhall N, Wallbank G, Tiedemann A, 

Michaleff ZA, Howard K, et al. (2020). Exercise for 

preventing falls in older people living in the 

community: an abridged Cochrane systematic review. 

Br J Sports Med, 54:885-891. 

[95] Chen W, Li M, Li H, Lin Y, Feng Z (2023). Tai Chi for 

fall prevention and balance improvement in older 

adults: a systematic review and meta-analysis of 

randomized controlled trials. Front Public Health, 

11:1236050. 

[96] Lazo Green K, Yang Y, Abaraogu U, Eastaugh CH, 

Beyer FR, Norman G, et al. (2024). Effectiveness of 

dance interventions for falls prevention in older adults: 

systematic review and meta-analysis. Age Ageing, 53. 

[97] Huang TC, Li C, Hsieh CY (2025). The Effects of Yoga 

on Fall-Related Physical Functions for Older Women: 

A Systematic Review of Randomized Controlled Trials. 

Healthcare (Basel), 13. 

[98] Bajaj P, Nagendra L, Bajaj A, Samuel M, Chandran M 

(2025). Effect of yoga on balance, falls, and bone 

metabolism: a systematic review of randomized 

controlled trials in healthy individuals. Osteoporos Int, 

36:193-224. 

[99] Cummings SR, Studenski S, Ferrucci L (2014). A 

diagnosis of dismobility--giving mobility clinical 

visibility: a Mobility Working Group recommendation. 

JAMA, 311:2061-2062. 

[100] Sherrington C, Fairhall NJ, Wallbank GK, Tiedemann 

A, Michaleff ZA, Howard K, et al. (2019). Exercise for 

preventing falls in older people living in the 

community. Cochrane Database Syst Rev, 

1:CD012424. 

[101] Villareal DT, Aguirre L, Gurney AB, Waters DL, 

Sinacore DR, Colombo E, et al. (2017). Aerobic or 

Resistance Exercise, or Both, in Dieting Obese Older 

Adults. N Engl J Med, 376:1943-1955. 

[102] Tian D, Meng J (2019). Exercise for Prevention and 

Relief of Cardiovascular Disease: Prognoses, 

Mechanisms, and Approaches. Oxid Med Cell Longev, 

2019:3756750. 

[103] Houstis NE, Eisman AS, Pappagianopoulos PP, 

Wooster L, Bailey CS, Wagner PD, et al. (2018). 

Exercise Intolerance in Heart Failure With Preserved 

Ejection Fraction: Diagnosing and Ranking Its Causes 

Using Personalized O(2) Pathway Analysis. 

Circulation, 137:148-161. 

[104] Crisci G, De Luca M, D'Assante R, Ranieri B, 

D'Agostino A, Valente V, et al. (2022). Effects of 

Exercise on Heart Failure with Preserved Ejection 

Fraction: An Updated Review of Literature. J 

Cardiovasc Dev Dis, 9. 

[105] McDonagh TA, Metra M, Adamo M, Gardner RS, 

Baumbach A, Bohm M, et al. (2021). 2021 ESC 

Guidelines for the diagnosis and treatment of acute and 

chronic heart failure. Eur Heart J, 42:3599-3726. 

[106] Assadi H, Jones R, Swift AJ, Al-Mohammad A, Garg P 

(2021). Cardiac MRI for the prognostication of heart 

failure with preserved ejection fraction: A systematic 

review and meta-analysis. Magn Reson Imaging, 

76:116-122. 



 Tsvetkov D., et al.                                                                                                         Where Ideas Grow: GRK 

  

Aging and Disease • Volume 17, Number 3, June 2026                                                                         1301 

 

[107] Lanzer JD, Valdeolivas A, Pepin M, Hund H, Backs J, 

Frey N, et al. (2023). A network medicine approach to 

study comorbidities in heart failure with preserved 

ejection fraction. BMC Med, 21:267. 

[108] Wernhart S, Michel L, Carpinteiro A, Luedike P, Rassaf 

T (2024). (Non)-Exertional Variables of 

Cardiopulmonary Exercise Testing in Heart Failure 

with and Without Cardiac Amyloidosis. Curr Heart Fail 

Rep, 21:224-237. 

[109] Bilak JM, Alam U, Miller CA, McCann GP, Arnold JR, 

Kanagala P (2022). Microvascular Dysfunction in 

Heart Failure with Preserved Ejection Fraction: 

Pathophysiology, Assessment, Prevalence and 

Prognosis. Card Fail Rev, 8:e24. 

[110] D'Amario D, Laborante R, Bianchini E, Ciliberti G, 

Paglianiti DA, Galli M, et al. (2024). Impact of 

coronary microvascular dysfunction in heart failure 

with preserved ejection fraction: a meta-analysis. ESC 

Heart Fail, 11:2063-2075. 

[111] Prescott E, Bove KB, Bechsgaard DF, Shafi BH, Lange 

T, Schroder J, et al. (2023). Biomarkers and Coronary 

Microvascular Dysfunction in Women With Angina 

and No Obstructive Coronary Artery Disease. JACC 

Adv, 2:100264. 

[112] Gopcevic KR, Gkaliagkousi E, Nemcsik J, Acet O, 

Bernal-Lopez MR, Bruno RM, et al. (2021). 

Pathophysiology of Circulating Biomarkers and 

Relationship With Vascular Aging: A Review of the 

Literature From VascAgeNet Group on Circulating 

Biomarkers, European Cooperation in Science and 

Technology Action 18216. Front Physiol, 12:789690. 

[113] Hashemi D, Doeblin P, Blum M, Weiss KJ, Schneider 

M, Korosoglou G, et al. (2022). CMR detects decreased 

myocardial deformation in asymptomatic patients at 

risk for heart failure. Front Cardiovasc Med, 

9:1091768. 

[114] Mishra S, Kass DA (2021). Cellular and molecular 

pathobiology of heart failure with preserved ejection 

fraction. Nat Rev Cardiol, 18:400-423. 

[115] Winzer EB, Augstein A, Schauer A, Mueller S, Fischer-

Schaepmann T, Goto K, et al. (2022). Impact of 

Different Training Modalities on Molecular Alterations 

in Skeletal Muscle of Patients With Heart Failure With 

Preserved Ejection Fraction: A Substudy of the 

OptimEx Trial. Circ Heart Fail, 15:e009124. 

[116] Vasilieva E, Vorobyeva I, Lebedeva A, Urazovskaya I, 

Kalinskaya A, Skrypnik D, et al. (2011). Brachial artery 

flow-mediated dilation in patients with Tako-tsubo 

cardiomyopathy. Am J Med, 124:1176-1179. 

[117] Climie RE, Alastruey J, Mayer CC, Schwarz A, 

Laucyte-Cibulskiene A, Voicehovska J, et al. (2023). 

Vascular ageing: moving from bench towards bedside. 

Eur J Prev Cardiol, 30:1101-1117. 

[118] Bahls M, Friedrich N, Pietzner M, Wachter R, Budde 

K, Hasenfuss G, et al. (2019). Heterogeneous Metabolic 

Response to Exercise Training in Heart Failure with 

Preserved Ejection Fraction. J Clin Med, 8. 

[119] Sachdev V, Sharma K, Keteyian SJ, Alcain CF, 

Desvigne-Nickens P, Fleg JL, et al. (2023). Supervised 

Exercise Training for Chronic Heart Failure With 

Preserved Ejection Fraction: A Scientific Statement 

From the American Heart Association and American 

College of Cardiology. Circulation, 147:e699-e715. 

[120] Ho JE, Robbins JM (2022). Exercise Training Across 

the Spectrum of HFpEF: Time for Tailoring or One Size 

Fits All? JACC Heart Fail, 10:250-253. 

[121] Daskalopoulou C, Stubbs B, Kralj C, Koukounari A, 

Prince M, Prina AM (2017). Physical activity and 

healthy ageing: A systematic review and meta-analysis 

of longitudinal cohort studies. Ageing Res Rev, 38:6-

17. 

[122] Vetr NG, Gay NR, MoTr PACSG, Montgomery SB 

(2024). The impact of exercise on gene regulation in 

association with complex trait genetics. Nat Commun, 

15:3346. 

[123] Erikson GA, Bodian DL, Rueda M, Molparia B, Scott 

ER, Scott-Van Zeeland AA, et al. (2016). Whole-

Genome Sequencing of a Healthy Aging Cohort. Cell, 

165:1002-1011. 

[124] Camacho PM, Petak SM, Binkley N, Diab DL, Eldeiry 

LS, Farooki A, et al. (2020). American Association of 

Clinical Endocrinologists/American College of 

Endocrinology Clinical Practice Guidelines for the 

Diagnosis and Treatment of Postmenopausal 

Osteoporosis- 2020 Update Executive Summary. 

Endocr Pract, 26:564-570. 

[125] Drey M, Sieber CC, Bertsch T, Bauer JM, Schmidmaier 

R, Fi ATig (2016). Osteosarcopenia is more than 

sarcopenia and osteopenia alone. Aging Clin Exp Res, 

28:895-899. 

[126] Johansson H, Kanis JA, Oden A, McCloskey E, 

Chapurlat RD, Christiansen C, et al. (2014). A meta-

analysis of the association of fracture risk and body 

mass index in women. J Bone Miner Res, 29:223-233. 

[127] Berg RM, Wallaschofski H, Nauck M, Rettig R, 

Markus MR, Laqua R, et al. (2015). Positive 

Association Between Adipose Tissue and Bone 

Stiffness. Calcif Tissue Int, 97:40-49. 

[128] Pfeil A, Lange U (2024). [Update on the DVO 

Guideline 2023 "Prophylaxis, diagnosis and treatment 

of osteoporosis in postmenopausal women and in men 

aged over 50"-What's new for rheumatology?]. Z 

Rheumatol, 83:401-406. 

[129] Zheng J, Brion MJ, Kemp JP, Warrington NM, Borges 

MC, Hemani G, et al. (2020). The Effect of Plasma 

Lipids and Lipid-Lowering Interventions on Bone 

Mineral Density: A Mendelian Randomization Study. J 

Bone Miner Res, 35:1224-1235. 

[130] Kadric L, Zylla S, Nauck M, Volzke H, Friedrich N, 

Hannemann A (2018). Associations Between Plasma 

Chemerin Concentrations and Bone Quality in Adults 

From the General Population. Endocrinology, 

159:2378-2385. 

[131] Fuggle NR, Westbury LD, Syddall HE, Duggal NA, 

Shaw SC, Maslin K, et al. (2018). Relationships 

between markers of inflammation and bone density: 

findings from the Hertfordshire Cohort Study. 

Osteoporos Int, 29:1581-1589. 



 Tsvetkov D., et al.                                                                                                         Where Ideas Grow: GRK 

  

Aging and Disease • Volume 17, Number 3, June 2026                                                                         1302 

 

[132] Kim DY, Ko SH (2023). Common Regulators of Lipid 

Metabolism and Bone Marrow Adiposity in 

Postmenopausal Women. Pharmaceuticals (Basel), 16. 

[133] Hannemann A, Thuesen BH, Friedrich N, Volzke H, 

Steveling A, Ittermann T, et al. (2015). Adiposity 

measures and vitamin D concentrations in Northeast 

Germany and Denmark. Nutr Metab (Lond), 12:24. 

[134] Force USPST, Grossman DC, Curry SJ, Owens DK, 

Barry MJ, Caughey AB, et al. (2018). Interventions to 

Prevent Falls in Community-Dwelling Older Adults: 

US Preventive Services Task Force Recommendation 

Statement. JAMA, 319:1696-1704. 

[135] Force USPST, Nicholson WK, Silverstein M, Wong JB, 

Barry MJ, Chelmow D, et al. (2024). Interventions to 

Prevent Falls in Community-Dwelling Older Adults: 

US Preventive Services Task Force Recommendation 

Statement. JAMA, 332:51-57. 

[136] Force USPST, Grossman DC, Curry SJ, Owens DK, 

Barry MJ, Caughey AB, et al. (2018). Vitamin D, 

Calcium, or Combined Supplementation for the 

Primary Prevention of Fractures in Community-

Dwelling Adults: US Preventive Services Task Force 

Recommendation Statement. JAMA, 319:1592-1599. 

[137] Bischoff-Ferrari HA, Freystatter G, Vellas B, Dawson-

Hughes B, Kressig RW, Kanis JA, et al. (2022). Effects 

of vitamin D, omega-3 fatty acids, and a simple home 

strength exercise program on fall prevention: the DO-

HEALTH randomized clinical trial. Am J Clin Nutr, 

115:1311-1321. 

[138] Gagesch M, Wieczorek M, Vellas B, Kressig RW, 

Rizzoli R, Kanis J, et al. (2023). Effects of Vitamin D, 

Omega-3 Fatty Acids and a Home Exercise Program on 

Prevention of Pre-Frailty in Older Adults: The DO-

HEALTH Randomized Clinical Trial. J Frailty Aging, 

12:71-77. 

[139] Bischoff-Ferrari HA, Gangler S, Wieczorek M, Belsky 

DW, Ryan J, Kressig RW, et al. (2025). Individual and 

additive effects of vitamin D, omega-3 and exercise on 

DNA methylation clocks of biological aging in older 

adults from the DO-HEALTH trial. Nat Aging. 

[140] Slart R, Punda M, Ali DS, Bazzocchi A, Bock O, 

Camacho P, et al. (2025). Updated practice guideline 

for dual-energy X-ray absorptiometry (DXA). Eur J 

Nucl Med Mol Imaging, 52:539-563. 

[141] Ensrud KE, Crandall CJ (2024). Osteoporosis. Ann 

Intern Med, 177:ITC1-ITC16. 

[142] Santesso N, Carrasco-Labra A, Brignardello-Petersen R 

(2014). Hip protectors for preventing hip fractures in 

older people. Cochrane Database Syst Rev, 

2014:CD001255. 

[143] Hislop S, Alsousou J, Chou D, Rawal J, Hull P, 

Carrothers A (2022). Fix and replace: Simultaneous 

fracture fixation and hip replacement for acetabular 

fractures in older patients. Injury, 53:4067-4071. 

[144] Navarre P, Gabbe BJ, Griffin XL, Russ MK, Bucknill 

AT, Edwards E, et al. (2020). Outcomes following 

operatively managed acetabular fractures in patients 

aged 60 years and older. Bone Joint J, 102-B:1735-

1742. 

[145] Liang K, Gani MH, Griffin X, Culpan P, Mukabeta T, 

Bates P (2023). Acute versus delayed total hip 

arthroplasty after acetabular fracture fixation: a 

systematic review and meta-analysis. Eur J Orthop Surg 

Traumatol, 33:2683-2693. 

[146] Carroll EA, Huber FG, Goldman AT, Virkus WW, 

Pagenkopf E, Lorich DG, et al. (2010). Treatment of 

acetabular fractures in an older population. J Orthop 

Trauma, 24:637-644. 

[147] Hertel J, Friedrich N, Wittfeld K, Pietzner M, Budde K, 

Van der Auwera S, et al. (2016). Measuring Biological 

Age via Metabonomics: The Metabolic Age Score. J 

Proteome Res, 15:400-410. 

[148] Winckel T, Friedrich N, Zylla S, Fenzlaff M, Schopfel 

J, Gauss KF, et al. (2024). Bone turnover: the role of 

lipoproteins in a population-based study. Lipids Health 

Dis, 23:302. 

[149] Riest J, Friedrich N, Nauck M, Volzke H, Gartner S, 

Hannemann A (2024). The Association Between 

Nutritional Risk and Bone Stiffness in Elderly Men and 

Women in a Population-Based Study in Northeast 

Germany. Nutrients, 16. 

[150] Cederholm T, Bosaeus I (2024). Malnutrition in Adults. 

N Engl J Med, 391:155-165. 

[151] Song H, Wei Y, Wang Y, Zhang J (2024). The 

mediating effect of nutrition on oral frailty and fall risk 

in community-dwelling elderly people. BMC Geriatr, 

24:273. 

[152] Lengele L, de Franca NAG, de Souto Barreto P, 

Rolland Y (2025). Nutritional specificity of frailty: 

from epidemiological and clinical evidence to potential 

mechanisms. Curr Opin Clin Nutr Metab Care, 28:1-5. 

[153] Dominguez LJ, Donat-Vargas C, Sayon-Orea C, 

Barberia-Latasa M, Veronese N, Rey-Garcia J, et al. 

(2023). Rationale of the association between 

Mediterranean diet and the risk of frailty in older adults 

and systematic review and meta-analysis. Exp 

Gerontol, 177:112180. 

[154] Kojima G, Avgerinou C, Iliffe S, Walters K (2018). 

Adherence to Mediterranean Diet Reduces Incident 

Frailty Risk: Systematic Review and Meta-Analysis. J 

Am Geriatr Soc, 66:783-788. 

[155] Ntanasi E, Charisis S, Yannakoulia M, Georgiadi K, 

Balomenos V, Kosmidis MH, et al. (2022). Adherence 

to the Mediterranean diet and incident frailty: Results 

from a longitudinal study. Maturitas, 162:44-51. 

[156] Gross DC, Dahringer JC, Bramblett P, Sun C, Spangler 

HB, Lynch DH, et al. (2025). The Relationship 

Between a Mediterranean Diet and Frailty in Older 

Adults: NHANES 2007-2017. Nutrients, 17. 

[157] Abeywickrama HM, Uchiyama M, Sumiyoshi T, 

Okuda A, Koyama Y (2024). The role of zinc on 

nutritional status, sarcopenia, and frailty in older adults: 

a scoping review. Nutr Rev, 82:988-1011. 

[158] Kuczmarski MF, Beydoun MA, Georgescu MF, Noren 

Hooten N, Mode NA, Evans MK, et al. (2023). Pro-

Inflammatory Diets Are Associated with Frailty in an 

Urban Middle-Aged African American and White 

Cohort. Nutrients, 15. 



 Tsvetkov D., et al.                                                                                                         Where Ideas Grow: GRK 

  

Aging and Disease • Volume 17, Number 3, June 2026                                                                         1303 

 

[159] Wu Y, Cheng S, Lei S, Li D, Li Z, Guo Y (2024). The 

Association Between the Composite Dietary 

Antioxidant Index and Frailty Symptoms: Mediating 

Effects of Oxidative Stress. Clin Interv Aging, 19:163-

173. 

[160] Tseng PT, Zeng BY, Zeng BS, Liao YC, Stubbs B, Kuo 

JS, et al. (2023). Omega-3 polyunsaturated fatty acids 

in sarcopenia management: A network meta-analysis of 

randomized controlled trials. Ageing Res Rev, 

90:102014. 

[161] Ahn J, Kim M, Won CW, Park Y (2023). Association 

between fish intake and prevalence of frailty in 

community-dwelling older adults after 4-year follow-

up: the Korean frailty and aging cohort study. Front 

Nutr, 10:1247594. 

[162] Kim J, Westra J, Tintle N, Harris WS, Park Y (2024). 

Association of Plasma n-3 Polyunsaturated Fatty Acid 

Levels and the Prevalence of Frailty in Older Adults: A 

Cross-Sectional Analysis of UK Biobank. J Gerontol A 

Biol Sci Med Sci, 79. 

[163] Schebb NH, Kuhn H, Kahnt AS, Rund KM, O'Donnell 

VB, Flamand N, et al. (2022). Formation, Signaling and 

Occurrence of Specialized Pro-Resolving Lipid 

Mediators-What is the Evidence so far? Front 

Pharmacol, 13:838782. 

[164] Funk CD (2001). Prostaglandins and leukotrienes: 

advances in eicosanoid biology. Science, 294:1871-

1875. 

[165] Chiang N, Serhan CN (2020). Specialized pro-resolving 

mediator network: an update on production and actions. 

Essays Biochem, 64:443-462. 

[166] Levan SR, Stamnes KA, Lin DL, Panzer AR, Fukui E, 

McCauley K, et al. (2019). Elevated faecal 12,13-

diHOME concentration in neonates at high risk for 

asthma is produced by gut bacteria and impedes 

immune tolerance. Nat Microbiol, 4:1851-1861. 

[167] Kumar N, Gupta G, Anilkumar K, Fatima N, Karnati R, 

Reddy GV, et al. (2016). 15-Lipoxygenase metabolites 

of alpha-linolenic acid, [13-(S)-HPOTrE and 13-(S)-

HOTrE], mediate anti-inflammatory effects by 

inactivating NLRP3 inflammasome. Sci Rep, 6:31649. 

[168] Vangaveti VN, Jansen H, Kennedy RL, Malabu UH 

(2016). Hydroxyoctadecadienoic acids: Oxidised 

derivatives of linoleic acid and their role in 

inflammation associated with metabolic syndrome and 

cancer. Eur J Pharmacol, 785:70-76. 

[169] Kim M, Furuzono T, Yamakuni K, Li Y, Kim YI, 

Takahashi H, et al. (2017). 10-oxo-12(Z)-octadecenoic 

acid, a linoleic acid metabolite produced by gut lactic 

acid bacteria, enhances energy metabolism by 

activation of TRPV1. FASEB J, 31:5036-5048. 

[170] Lynes MD, Leiria LO, Lundh M, Bartelt A, Shamsi F, 

Huang TL, et al. (2017). The cold-induced lipokine 

12,13-diHOME promotes fatty acid transport into 

brown adipose tissue. Nat Med, 23:631-637. 

[171] Domenichiello AF, Sapio MR, Loydpierson AJ, Maric 

D, Goto T, Horowitz MS, et al. (2021). Molecular 

Pathways Linking Oxylipins to Nociception in Rats. J 

Pain, 22:275-299. 

[172] Visioli F, Poli A (2025). Omega 6 fatty acids: helpful, 

harmless or harmful? Curr Opin Clin Nutr Metab Care, 

28:114-120. 

[173] Jackson KH, Harris WS, Belury MA, Kris-Etherton 

PM, Calder PC (2024). Beneficial effects of linoleic 

acid on cardiometabolic health: an update. Lipids 

Health Dis, 23:296. 

[174] Harris WS, Westra J, Tintle NL, Sala-Vila A, Wu JH, 

Marklund M (2024). Plasma n6 polyunsaturated fatty 

acid levels and risk for total and cause-specific 

mortality: A prospective observational study from the 

UK Biobank. Am J Clin Nutr, 120:936-942. 

[175] Schmidt L, Burmeister LS, Greinacher A, Konig S, 

Garscha U (2022). Development of SFC-MS Method 

for Quantification of Eicosanoids Biosynthesized in 

Primary Human Blood Cells. Metabolites, 12. 

[176] Liening S, Romp E, Werz O, Scriba GKE, Garscha U 

(2019). Liquid chromatography-coupled mass 

spectrometry analysis of glutathione conjugates of 

oxygenated polyunsaturated fatty acids. Prostaglandins 

Other Lipid Mediat, 144:106350. 

[177] Werner M, Jordan PM, Romp E, Czapka A, Rao Z, 

Kretzer C, et al. (2019). Targeting biosynthetic 

networks of the proinflammatory and proresolving lipid 

metabolome. FASEB J, 33:6140-6153. 

[178] Garscha U, Romp E, Pace S, Rossi A, Temml V, 

Schuster D, et al. (2017). Pharmacological profile and 

efficiency in vivo of diflapolin, the first dual inhibitor 

of 5-lipoxygenase-activating protein and soluble 

epoxide hydrolase. Sci Rep, 7:9398. 

[179] Schimanski J, Gresnigt MS, Brunner E, Werz O, Hube 

B, Garscha U (2024). Hyphal-associated protein 

expression is crucial for Candida albicans-induced 

eicosanoid biosynthesis in immune cells. Eur J 

Immunol, 54:e2350743. 

[180] Romp E, Arakandy V, Fischer J, Wolz C, Siegmund A, 

Loffler B, et al. (2020). Exotoxins from Staphylococcus 

aureus activate 5-lipoxygenase and induce leukotriene 

biosynthesis. Cell Mol Life Sci, 77:3841-3858. 

[181] Valentini L, Pinto A, Bourdel-Marchasson I, Ostan R, 

Brigidi P, Turroni S, et al. (2015). Impact of 

personalized diet and probiotic supplementation on 

inflammation, nutritional parameters and intestinal 

microbiota - The "RISTOMED project": Randomized 

controlled trial in healthy older people. Clin Nutr, 

34:593-602. 

[182] Ostan R, Bene MC, Spazzafumo L, Pinto A, Donini 

LM, Pryen F, et al. (2016). Impact of diet and 

nutraceutical supplementation on inflammation in 

elderly people. Results from the RISTOMED study, an 

open-label randomized control trial. Clin Nutr, 35:812-

818. 

[183] Meyer F, Valentini L (2019). Disease-Related 

Malnutrition and Sarcopenia as Determinants of 

Clinical Outcome. Visc Med, 35:282-291. 

[184] Meyer F, Bannert K, Wiese M, Esau S, Sautter LF, 

Ehlers L, et al. (2020). Molecular Mechanism 

Contributing to Malnutrition and Sarcopenia in Patients 

with Liver Cirrhosis. Int J Mol Sci, 21. 



 Tsvetkov D., et al.                                                                                                         Where Ideas Grow: GRK 

  

Aging and Disease • Volume 17, Number 3, June 2026                                                                         1304 

 

[185] Bannert K, Sautter LF, Wiese ML, Meyer F, Ehlers L, 

Fromhold-Treu S, et al. (2023). Analysis of ESPEN and 

GLIM algorithms reveals specific drivers for the 

diagnosis of malnutrition in patients with chronic 

gastrointestinal diseases. Nutrition, 106:111887. 

[186] Seijo-Martinez M, Cancela JM, Ayan C, Varela S, Vila 

H (2016). Influence of cognitive impairment on fall risk 

among elderly nursing home residents. Int 

Psychogeriatr, 28:1975-1987. 

[187] Muir SW, Gopaul K, Montero Odasso MM (2012). The 

role of cognitive impairment in fall risk among older 

adults: a systematic review and meta-analysis. Age 

Ageing, 41:299-308. 

[188] Morimoto SS, Kanellopoulos D, Manning KJ, 

Alexopoulos GS (2015). Diagnosis and treatment of 

depression and cognitive impairment in late life. Ann N 

Y Acad Sci, 1345:36-46. 

[189] Seppala LJ, Wermelink A, de Vries M, Ploegmakers 

KJ, van de Glind EMM, Daams JG, et al. (2018). Fall-

Risk-Increasing Drugs: A Systematic Review and 

Meta-Analysis: II. Psychotropics. J Am Med Dir Assoc, 

19:371 e311-371 e317. 

[190] de Vries M, Seppala LJ, Daams JG, van de Glind EMM, 

Masud T, van der Velde N, et al. (2018). Fall-Risk-

Increasing Drugs: A Systematic Review and Meta-

Analysis: I. Cardiovascular Drugs. J Am Med Dir 

Assoc, 19:371 e371-371 e379. 

[191] Park DC, Bischof GN (2013). The aging mind: 

neuroplasticity in response to cognitive training. 

Dialogues Clin Neurosci, 15:109-119. 

[192] Edwards JD, Xu H, Clark DO, Guey LT, Ross LA, 

Unverzagt FW (2017). Speed of processing training 

results in lower risk of dementia. Alzheimers Dement 

(N Y), 3:603-611. 

[193] Polanía R, Nitsche MA, Ruff CC (2018). Studying and 

modifying brain function with non-invasive brain 

stimulation. Nature Neuroscience, 21:174-187. 

[194] Perceval G, Floel A, Meinzer M (2016). Can 

transcranial direct current stimulation counteract age-

associated functional impairment? Neurosci Biobehav 

Rev, 65:157-172. 

[195] Goldthorpe RA, Rapley JM, Violante IR (2020). A 

Systematic Review of Non-invasive Brain Stimulation 

Applications to Memory in Healthy Aging. Front 

Neurol, 11:575075. 

[196] Polania R, Nitsche MA, Ruff CC (2018). Studying and 

modifying brain function with non-invasive brain 

stimulation. Nat Neurosci, 21:174-187. 

[197] Grady C (2012). The cognitive neuroscience of ageing. 

Nat Rev Neurosci, 13:491-505. 

[198] Meinzer M, Shahbabaie A, Antonenko D, Blankenburg 

F, Fischer R, Hartwigsen G, et al. (2024). Investigating 

the neural mechanisms of transcranial direct current 

stimulation effects on human cognition: current issues 

and potential solutions. Front Neurosci, 18:1389651. 

[199] Antonenko D, Thams F, Grittner U, Uhrich J, Glöckner 

F, Li SC, et al. (2022). Randomized trial of cognitive 

training and brain stimulation in non-demented older 

adults. Alzheimers Dement (N Y), 8:e12262. 

[200] Habich A, Fehér KD, Antonenko D, Boraxbekk CJ, 

Flöel A, Nissen C, et al. (2020). Stimulating aged brains 

with transcranial direct current stimulation: 

Opportunities and challenges. Psychiatry Res 

Neuroimaging, 306:111179. 

[201] Edwards JD, Xu H, Clark DO, Guey LT, Ross LA, 

Unverzagt FW (2017). Speed of processing training 

results in lower risk of dementia. Alzheimer's & 

Dementia: Translational Research & Clinical 

Interventions, 3:603-611. 

[202] Ribeiro MT, Singh S, Guestrin C (2025). "Why Should 

I Trust You?": Explaining the Predictions of Any 

Classifier. KDD '16: Proceedings of the 22nd ACM 

SIGKDD International Conference on Knowledge 

Discovery and Data Mining:1135 - 1144. 

[203] Osuka Y, Chan LLY, Brodie MA, Okubo Y, Lord SR 

(2024). A Wrist-Worn Wearable Device Can Identify 

Frailty in Middle-Aged and Older Adults: The UK 

Biobank Study. J Am Med Dir Assoc, 25:105196. 

[204] Montemurro A, Rodriguez-Juan JJ, Martinez-Garcia 

MDM, Ruiz-Cardenas JD (2024). Validity of a video-

analysis-based app to detect prefrailty or frailty plus 

sarcopenia syndromes in community-dwelling older 

adults: Diagnostic accuracy study. Digit Health, 

10:20552076241232878. 

[205] Osuka Y, Takeshima N, Kojima N, Kohama T, Fujita 

E, Kusunoki M, et al. (2023). Discrimination of Frailty 

Phenotype by Kinect(TM)-Based Stepping Parameters. 

JAR Life, 12:100-104. 

[206] Hewage K, Fosker S, Leckie T, Venn R, Goncalves AC, 

Koulouglioti C, et al. (2023). The Hospital to Home 

study (H2H): smartwatch technology-enabled 

rehabilitation following hip fracture in older adults, a 

feasibility non-randomised trial. Future Healthc J, 

10:14-20. 

[207] Kraus M, Saller MM, Baumbach SF, Neuerburg C, 

Stumpf UC, Bocker W, et al. (2022). Prediction of 

Physical Frailty in Orthogeriatric Patients Using Sensor 

Insole-Based Gait Analysis and Machine Learning 

Algorithms: Cross-sectional Study. JMIR Med Inform, 

10:e32724. 

[208] Greene BR, McManus K, Redmond SJ, Caulfield B, 

Quinn CC (2019). Digital assessment of falls risk, 

frailty, and mobility impairment using wearable 

sensors. NPJ Digit Med, 2:125. 

[209] Bajdek N, Latham NK, Dishaw M, Farrell S, Shang 

YV, Pencina KM, et al. (2024). Feasibility of a 

Multicomponent Digital Fall Prevention Exercise 

Intervention for At-Risk Older Adults. J Frailty Aging, 

13:349-358. 

[210] Cubo E, Rohani M, Eissazade N, Garcia-Bustillo A, 

Ramirez-Sanz JM, Garrido-Labrador JL, et al. (2025). 

Cost-utility analysis of a coadjutant telemedicine 

intervention for fall prevention in Parkinson's disease. 

Eur J Neurol, 32:e16561. 

[211] Dawson R, Oliveira JS, Kwok WS, Bratland M, 

Rajendran IM, Srinivasan A, et al. (2024). Exercise 

Interventions Delivered Through Telehealth to Improve 

Physical Functioning for Older Adults with Frailty, 



 Tsvetkov D., et al.                                                                                                         Where Ideas Grow: GRK 

  

Aging and Disease • Volume 17, Number 3, June 2026                                                                         1305 

 

Cognitive, or Mobility Disability: A Systematic Review 

and Meta-Analysis. Telemed J E Health, 30:940-950. 

[212] Gately ME, Waller DE, Metcalf EE, Moo LR (2024). 

Caregivers' Role in In-Home Video Telehealth: 

National Survey of Occupational Therapy Practitioners. 

JMIR Rehabil Assist Technol, 11:e52049. 

[213] Hasegawa S, Mizokami F, Kameya Y, Hayakawa Y, 

Watanabe T, Matsui Y (2023). Machine learning versus 

binomial logistic regression analysis for fall risk based 

on SPPB scores in older adult outpatients. Digit Health, 

9:20552076231219438. 

[214] Parsons R, Blythe RD, Cramb SM, McPhail SM (2023). 

Inpatient Fall Prediction Models: A Scoping Review. 

Gerontology, 69:14-29. 

[215] Hardy-Gostin CJ, Negley KJ, Bender-Burnett JJ 

(2022). Otago Exercise Program Delivery using Digital 

Practice: A Prospective Case Report. J Frailty 

Sarcopenia Falls, 7:47-51. 

[216] Manus M, van der Linde J, Kuper H, Olinger R, 

Swanepoel W (2021). Community-Based Hearing and 

Vision Screening in Schools in Low-Income 

Communities Using Mobile Health Technologies. Lang 

Speech Hear Serv Sch, 52:568-580. 

[217] Eksteen S, Launer S, Kuper H, Eikelboom RH, 

Bastawrous A, Swanepoel W (2019). Hearing and 

vision screening for preschool children using mobile 

technology, South Africa. Bull World Health Organ, 

97:672-680. 

[218] Choukou MA, Banihani J, Azizkhani S (2024). 

Exploring Older Adults' Perspectives on Digital Home 

Care Interventions and Home Modifications: Focus 

Group Study. JMIR Form Res, 8:e52834. 

 

 

 

 


