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1. Introduction

1.1. Aging and geriatric syndromes

With the improvement of the medical and health care 
system, human life expectancy has gradually been 
extended, and life expectancy is increasing worldwide; 
by 2040, it is expected to further improve and exceed 80 
years in most countries (1). As of 2019, 88 out of 188 
countries have been defined as aging societies, with the 
proportion of the population aged 65 or older exceeding 
7% (2). The proportion of the population age 65 ≥ is 
estimated to increase from 9% in 2019 to 16% by 2050 
(3). Statistics indicate that the prevalence of aging-related 
diseases will increase as well. Geriatric diseases such as 
multiple comorbidities, functional impairment, cognitive 
impairment, and malnutrition have garnered greater 
attention. Geriatric medicine has emerged and developed 
over the years.
 Geriatric syndromes (GS) are a concept commonly 
used in geriatric medicine that refers to syndromes 
with the same clinical manifestations caused by 

multiple diseases or multiple factors (including clinical, 
psychosocial, and environmental vulnerability). Based 
on a literature review, four shared risk factors ‒ older 
age, baseline cognitive impairment, baseline functional 
impairment, and impaired mobility ‒ were identified 
across five common geriatric syndromes (pressure 
ulcers, incontinence, falls, functional decline, and 
delirium) (4). Frailty, an important clinical feature of 
GS, is a prominent problem in aging of the population. 
At present, the definition of frailty has not been 
completely standardized. Fried et al. proposed that 
frailty is a clinical syndrome based on studies related 
to cardiovascular health, in which the reserve and 
function of several physiological systems are reduced. 
Those physiological systems are highly correlated 
with age, resulting in increased physical vulnerability 
and an increased risk of falls, hospitalization, death, 
and other adverse consequences. Frailty is believed to 
be present if the patient experiences three or more of 
the following: unintentional weight loss, self-reported 
exhaustion, weakness, a slow walking speed, and 
little physical activity (5). In 2013, a consensus group 

DOI: 10.5582/bst.2023.01184

SUMMARY

Keywords HIV infection, community, multi-dimensional intervention, smart rehabilitation, stem cell treatments

As people age, geriatric syndromes characterized by frailty significantly impact both clinical 
practice and public health. Aging weakens people's immune functions, leading to chronic low-
grade inflammation that ultimately contributes to the development of frailty. Effectively managing 
geriatric syndromes and frailty can help alleviate the economic burden of an aging population. This 
review delves into the intricate relationship among aging, infection-induced inflammation, chronic 
inflammation, and frailty. In addition, it analyzes various approaches and interventions to address 
frailty, such as smart rehabilitation programs and stem-cell treatments, offering promising solutions 
in this new era. Given the importance of this topic, further research into the mechanisms of frailty is 
crucial. Equally essential is the devising of relevant measures to delay its onset and the formulation 
of comprehensive clinical, research, and public health strategies to enhance the quality of life for 
elderly individuals.
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consisting of delegates from 6 major international 
societies conceptualized frailty as "a medical syndrome 
with multiple causes and contributors, which is 
characterized by diminished strength, endurance, and 
reduced physiologic functions that increase individual's 
vulnerability and dependency, and/or death" (6).

1.2. Frailty, geriatric syndromes, and beyond

Although frailty is a main feature of GS, it is not limited 
to the elderly. Studies have indicated that about 7-20% of 
the elderly are identified as frail, though it has a similar 
prevalence among the middle-aged (5,7), Due to different 
concepts, standardization, and study populations, the 
prevalence of frailty fluctuates widely (between 4-59%) 
(8). Women ages 45-79 have, on average, a higher frailty 
index and higher prevalence of frailty than men. For 
every 0.1-increment in the frailty index, adjusted for 
established and potential risk factors for death, the risk 
of all-cause death increases (hazard ratio (HR): 1.68, 
95% confidence interval (CI): 1.66-1.71). Moreover, this 
association was stronger in younger people than in older 
people (7). At present, studies have also increasingly 
indicated that the actual age of the elderly is not 
sufficient to predict disease prognosis or death, which 
indicates that the concept of frailty may provide a more 
objective description of chronic health problems in the 
elderly and explain the differences in disease prognosis, 
outcome, and quality of life (9). Frailty is an emerging 
global health burden with significant implications for 
clinical practice and public health. Frailty is dynamic but 
also preventable. Strategies to prevent its pathogenesis or 
slow its progression are of great importance (8). The risk 
factors for developing frailty involve sociodemographic, 
clinical, lifestyle, psychological, and biological factors 
(8,10). The relationship between chronic inflammation 
and aging has become the focus of attention.

2. Human immune system and frailty

The human immune system includes innate immunity 
and adaptive immunity. With age, thymus atrophy, a 
decrease in naive lymphocytes, and decline of adaptive 
immune function mainly manifest as follows: impaired 
antigen presentation, naïve T-cell priming, diminished 
cluster of differentiation (CD) 8 + T cell cytotoxic 
function, shrinkage of naïve B-cell and T-cell repertoires, 
and the production of lower amounts of highly acidity 
antibodies (11). The change in innate immunity differs, 
and findings have suggested that innate immunity is 
weakened (3). Bleve et al. demonstrated that the innate 
immune cells continue to function relatively well in the 
elderly (12). Innate immunity undergoes more subtle 
changes that could result in mild hyperactivity (13).
 In adaptive immunity, adult T cell replenishment 
relies less on thymic activity and more on homeostatic 
self-renewal of initial T cells, while the production of 

nascent T cells is entirely dependent on the thymus. 
As aging occurs, one of the major changes in adaptive 
immunity is thymus degeneration, which leads to 
changes in the number of initial T cells. CD4 T cells can 
maintain their number through homeostatic proliferation, 
while CD8 T cells significantly decrease (14). In innate 
immunity, the proportion of macrophages, chemotaxis, 
antigen-presenting capacity, and phagocytosis capacity 
all decrease with age (3).

2.1. Low-grade chronic inflammation and frailty

However, some signaling pathways are abnormally 
activated and some cytokine levels (such as IL-6, tumor 
necrosis factor-alpha (TNF-α), C-reactive protein (CRP), 
and clotting factor) abnormally increase (15). Therefore, 
changes in the innate immune system are paradoxical. 
On the one hand, as immune function declines, the body 
continues to produce inflammatory factors in response to 
intruders. On the other hand, most senescent cells secrete 
a suite of cytokines, growth factors, and proteases, known 
as the senescence-associated secretory phenotype (SASP) 
(3). The SASP is a bioactive secretome that promotes 
the recruitment and activation of immune cells that 
clear senescent cells when clearance fails. The process 
results in the accumulation of senescent cells and SASP 
factors, which eventually contributes to diminished tissue 
function and steadily elevated proinflammatory tone (16). 
In young healthy tissues, SASP is usually transient and 
tends to contribute to the preservation or restoration of 
tissue homeostasis, but inflammatory factors gradually 
accumulate during aging. SASP is thought to be a driving 
force behind the low-level, chronic inflammation that 
causes or exacerbates age-related pathologies (17). This 
particular low-grade chronic inflammatory state is called 
"inflammation" and is non-infectious inflammation (15).
 At present, many studies have suggested that chronic 
low-grade inflammation may be part of the underlying 
cause of age-related frailty (18-20). There are many 
factors associated with frailty in low-grade chronic 
inflammation, including IL-6, CRP, TNFα, IL-10, IL-
8, IL-9, and MCP-1 (21). Research has focused more on 
IL-6, TNFα, and CRP (22,23), and the conclusions are 
not entirely consistent. A meta-analysis of 4,263 patients 
from 45 studies by Xu et al. suggested that peripheral 
inflammatory biomarkers, i.e., lymphocytes, IL-6, CRP, 
and TNF-α, are related to frailty status (24). A meta-
analysis of more than 20,000 older adults highlighted 
that frailty and prefrailty status were directly related to 
inflammatory markers, and especially CRP and IL-6 
levels (25), which was consistent with Marcos-Perez 
et al. (26). A longitudinal study of 981 community-
dwelling elderly men found that IL-6 was associated with 
frailty events, but there was no statistically significant 
difference between CRP and frailty (27). A study of 347 
community-dwelling elderly patients found that the level 
of IL-6 in pre-frail patients was significantly higher than 
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indicate that the proportion of patients age 60 and older 
who were newly diagnosed with HIV in China increased 
from 12% to 25% from 2011 to 2019 (39, 40). In patients 
with HIV, and especially geriatric HIV patients, frailty is 
the main cause threatening their life. Like in older adults 
without HIV, these HIV cohort studies have indicated an 
increased frailty burden with age, among women, and 
with increased chronic comorbidities (41-43).
 The higher prevalence of frailty may have multiple 
factors, including direct HIV infection, suboptimal 
medication after infection, early control of infection, 
or comorbidities (either infectious or non-infectious) 
(44-46). HIV infection is a type of systemic disease. 
Sustained activation of the immune system and the 
chronic inflammatory reaction after its attack are 
important factors for the early onset of frailty (47, 48). 
Compared to HIV+ non-frail men, HIV+ frail men 
had higher levels of the serum inflammatory markers 
sCD14, sIL2Rα, sTNF-R2, IL-6, TNF-α, and CRP (after 
adjusting for multiple comparisons, age, race, study site, 
and education) (49).
 In conclusion, the number of elderly patients and 
geriatric HIV patients will continue to rapidly increase, 
and the relationship between chronic inflammation and 
frailty warrants more attention.

3. Assessment and management of frailty

Frailty is a multidimensional and dynamic spectrum 
syndrome. Here, a series of specific tools targeting 
frailty triggered by chronic inflammation in the elderly 
are proposed and discussed. Elderly who become frailty 
are vulnerable to many medical conditions, including 
cardiovascular diseases and dementia. There are 
generally three stages (physical outcomes) of frailty: 
falls, hospitalizations, and death (50). However, frailty 
may be dynamic, which means there are often transitions 
between stages including not frail, pre-fail, and frail (50). 
This variation should be considered when considering 
backup management plans to avoid potential risks if 
frailty worsens.

3.1. Frailty screening and post-screening assessments

The screening process is the first step in considering 
management options in most cases with a massive 
population. Popular validated screening instruments 
include the Clinical Frailty Scale, FRAIL Scale, 
Cardiovascular Health Study Measure, and K-FRAIL 
scale (6). These scales are simple and can be used 
under most conditions. They mostly focus on clinical 
judgments of physical condition and rely on self-reported 
questionnaires. Early screening of at-risk populations 
for frailty is recommended. After preliminary screening, 
professionals should determine whether a "pipeline" for 
CGA and related tools is appropriate for implementation 
for the people being tested. The frailty assessment 

that in non-frail subjects (28). Frai elderly people living 
in the community have higher levels of TNFα compared 
to healthy elderly people (29). However, Marcos-Perez 
et al. contend that there may be a correlation between 
TNF-α and frailty that is significantly weaker than the 
correlation between CRP and IL6 (26). In addition, the 
relationship between inflammatory factors and frailty 
also differs in elderly patients of different ages. An 
analysis of 80 studies (58 on frailty and 22 on sarcopenia) 
by Picca et al. found that IL6 was only related to frailty 
in people < 75 years (29).
 A meta-analysis by Byrne et al. suggested that 
intervention trials in frail and sarcopenic older adults 
could also reduce CRP, IL-6, and TNF-α, but there was 
a lack of literature consistency (30). The pan-immune 
inflammation value (PIV) has also received attention. 
By calculating the PIV ((neutrophils × monocytes × 
platelets)/lymphocytes) in 405 elderly patients, Okyar 
Bas et al. concluded that both PIV and PIV-high (> 372) 
were significantly associated with frailty independently 
of confounders (31). In conclusion, CRP, IL-6, and 
TNF-α can be used as indicators to evaluate effectiveness 
in the process of frailty assessment, prediction, and 
intervention, and IL-6 may be of greater significance.

2.2. HIV infection and frailty

External infection is one of the factors for frailty. 
Human immunodeficiency virus (HIV) infection 
accelerates aging and can induce frailty. Illnesses that 
are attributes of the elderly are highly frequent among 
people infected with HIV. However, they develop at a 
much earlier age (10-15 years earlier), and even more 
so in patients treated with highly active antiretroviral 
therapy (HAART) patients (32,33). Geriatric HIV is 
defined as people 50 years of age or older who are 
infected (34,35). Frailty studies in patients with acquired 
immune deficiency syndrome (AIDS) caused by HIV 
infection suggested that patients with HIV/ARDS 
are more likely to suffer from frailty (36). The Multi-
center AIDS Cohort Study (MACS) indicated that HIV 
infection increases the likelihood and timing of a frailty-
related phenotype compared to HIV-uninfected controls 
(37). Immune damage caused by HIV is characterized by 
the destruction of CD4 +T cells. As the number of CD4 
+T cells in patients' peripheral blood decreases, HIV-
related complications and mortality also increase (38). 
Therefore, abnormal immune function after infections is 
considered to be one of the causes of frailty, which has 
led to an exploration of the relationship between immune 
aging and frailty in the non-HIV/ARDS population.
 According to one study, out of a total of 566 older 
patients from eastern China age 50 or older, viral 
suppression was observed in 446 (78.8%), treatment was 
immunologically effective in 410 (72.4%), and treatment 
was effective in 324 (57.2%) (39). As reported, geriatric 
HIV rapidly increases after HAART treatment. Data 
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process is shown in Figure 1.
 There are two well-validated post-screening methods 
of assessing frailty: 1) the phenotypic definition of frailty 
and 2) the accumulation of deficits definition of frailty. 
The phenotype definition sticks with biological concepts, 
considering frailty to be losing physiological reserve 
(5). Frailty is considered if the patient meets 3 out of 
the 5 indicators among 1) weakness (grip strength), 2) 
slowness (gait speed deviation), 3) exhaustion (self-
reported fatigue questionnaire), 4) activity decline (energy 
expenditure from questionnaire-based calculations), and 
5) unintentional weight loss. The accumulation of deficits 
definition relies on index numbers mapped by healthcare 
data and self-reported items (51). At most, at least 30-
40 measurements have to be taken, so this assessment 
is comparatively time-consuming. Although there is 
no gold standard for frailty assessment, FI is more 
feasible for proposing follow-up management because it 
interprets frailty as a spectrum of aging, which is closer 
to its dynamic nature. Therefore, this model will be 
more feasible for the identification of highly vulnerable 
patients while figuring out the physiological risk 
domains. Its quantitative nature is more systematically 
beneficial for assessing frailty causally linked to chronic 
inflammation.
 By now, the medical community has reached a 
consensus in consulting the guidelines published 
by the task force of the International Conference on 
Frailty and Sarcopenia Research in 2019 (52). Strong 
recommendations proposed include 1) a multicomponent 
physical activity program, 2) a progressive resistance 
training component, 3) a care plan addressing 
polypharmacy, management of sarcopenia, weight loss, 
and causes of fatigue, and 4) a proper plan of social 
support (52). Several consensus-based recommendations 
should also be emphasized: 1) Cognitive therapy 
is not systematically recommended, 2) Vitamin D 
supplementation should be assigned only if it is deficient, 
and 3) Hormone therapy is not recommended (52). 
These clinical suggestions are vital in an emergency 
or if the patient is in severely poor health. Routinely 

implementing and periodically reviewing the treatment 
plan is recommended.
 Management is not only to ameliorate the patient's 
health but should also focus on formulating and 
implementing health care plans. The Palliative and 
Therapeutic Harmonization (PATH) model is a system 
that can be applied to this process (53). It constructs 
a decision-making system based on the frailty score 
and dementia stage of the dataset's comprehensive 
medical history and incorporates medical or surgical 
interventions. As the frailty level increases, less 
aggressive treatments will be chosen, which largely 
adhere to the patients' potential well-being.

3.2. Interventions and training strategies

Frailty is noted to be prevalent in community-dwelling 
elderly at present (54). Infectious diseases are among 
the leading critical factors for chronic inflammation and 
frailty (55). Accordingly, different training interventions 
have been proposed to reduce the development of 
frailty. The physical activity prescription by the 
American College of Sports Medicine guidelines for 
older adults emphasizes strength and balance (56). 
There are four ongoing treatments to manage frailty: 
exercise, caloric and protein support, vitamin D, 
and reduction of polypharmacy (which is likely to 
cause adverse reactions that induce pathogenesis). 
The consensus recommendation that vitamin D is 
not universally needed should be reviewed, but the 
three other components can be applied appropriately 
in different combinations. Patients' diets and quality 
may contribute to inflammatory factors and lead to 
frailty. Supply of antioxidant nutrients is feasible. Oral 
health, gut microbiome health, and metabolome may 
be future research targets to explore better nutrient 
management plans (57). Studies have indicated that 
frailty was successfully ameliorated after a combination 
of nutritional education and a systematic physical 
training plan (58-60). Such a multi-component program 
is promising and remains the best treatment option. 

Figure 1. A flow diagram of the frailty assessment process.
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Specific prescription plans are outlined in Figure 2 
(61,62).
 However, more research and clinical controlled 
trials need to be conducted to verify its efficacy and 
consistency in treating frailty. An optimal set of strategies 
should be formulated as soon as possible (63).

3.3. Smart rehabilitation strategies

With breakthroughs in artificial intelligence, virtual 
reality, and various computer-programmed systems, 
smart rehabilitation is an area that should be emphasized. 
An immersive motor protocol integrated with innovative 
virtual reality programs was proposed by Pedroli et al. 
in 2019 (64). The training program is conducted inside 
a special room-sized environment named the Cave 
Automatic Virtual Environment (CAVE). The functional 
system integrates 3D full-view projectors in combination, 
a cyclo ergometer, CAVE goggles, stationary bike, 
and software development tool kit (SDK) inside a PC. 
Completely virtual training and virtual reality training 
are two methods of smart rehabilitation (Figure 3).
 The exercise designed by Pedroli et al. has two main 
components serving as balance training tasks: "stationary 
bike riding" and "avoiding the rocks," where a virtual 
map with obstacles is simulated for patients to exercise. 
The virtual model models the path of the patient to 
detect collisions and track his performance. Optimally, 
this training program can be applied in a lot of different 
settings, including rehabilitation centers, hospitals, and 
homes. The virtual environment ensures a safer location 
for exercise, and many more circumstances can be 
simulated than a single space of limited size in the real 

world. Devices such as balance pads, proprioceptive 
footboards, and rocking footboards can also be used to 
promote the efficacy of balance training. A tablet-based 
system has been found to be safer than head-mounted 
displays and will exploit the potential of 360◦videos at 
home. In short, high-end settings, low-end technology 
(higher cost performance), fewer injuries, and portability 
are the areas for improvement in the future.

3.4. Stem cell treatments

Chronic inflammation is an important mechanism 
of frailty. Physiological evidence supports this claim 
and provides new insights into potential treatments. 
Mesenchymal stem cells (MSCs) were originally isolated 
from bone marrow in 1968 (65). MSCs are plastic-
adherent and can differentiate into multiple lineages 
according to in vitro experiments (66). MSCs can be 

Figure 2. Elements of strength training, balance training, and nutrition support.

Figure 3. A conceptual graph of virtual training.
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obtained from tissue such as cord blood, adipose tissue, 
marrow, and bone marrow spaces of long bone, muscles, 
and peripheral blood (67-72). MSCs can exhibit both 
immunomodulatory and immunosuppressive activity. 
By interacting with cells from the adaptive and innate 
immune systems, they can suppress the release of pro-
inflammatory cytokines. They also secrete a variety of 
trophic factors including growth factors, morphogens, 
chemokines, cytokines, and extracellular vesicles that 
facilitate an anti-inflammatory response and promote 
tissue repair (73-75). Therefore, this characteristic of 
MSCs means that they are a type of biological treatment 
that ameliorates or reverses frailty (76, 77).
 Clinical trials have revealed that frail patients treated 
with MSCs had marked improvement in physical 
performance measures and inflammatory biomarkers, 
providing new treatment ideas for frailty. In the 
CRATUS trial, a Phase I study revealed that intravenous, 
allogeneic, bone marrow-derived mesenchymal stem cell 
(allo-hMSC)-based therapy is safe and immunologically 
tolerated in patients with aging frailty (n = 15 mean age 
78.4 ± 4.7). The TNF-α level was found to decrease 
with allo-hMSC treatment, and no significant changes 
were seen in IL-6 or CRP (78). In the Phase II study, 
(randomized, double-blinded, and dose-finding), 30 
patients (mean age 75.5 ± 7.3) diagnosed with frailty 
received intravenous allo-hMSCs (100 or 200-million 
[M]) or a placebo. Results indicated that results on the 
6-minute walk test, short physical performance exam, 
forced expiratory volume (in 1 second), and  responses 
on the female sexual quality of life questionnaire all 
improved, while the serum TNF-α level decreased in the 
100 M group compared to that in the 200 M and placebo 
groups (77). These clinical trials suggest that MSC 
treatment is safe and immunologically tolerated. No trial-
related adverse events in participants were identified 
for 12 months after infusion, (77, 78). However, the 
CRATUS trial was limited due to its small sample size.
 Another clinical trial involving 150 subjects with 
frailty is nearing conclusion. It evaluated the efficacy 
of Lomecel-B (an allogeneic medicinal signaling cell 
formulation) in older adults with frailty. The primary 
endpoint is a change in results on the 6-minute walk 
test compared to the placebo 180 days post-infusion 
while the secondary endpoints include changes in 
other physical function measures and an inflammatory 
biomarker panel (79). A few clinical trials of MSCs in 
the treatment of frailty are underway, and hopes are to 
see positive results.

4. Conclusion

Society is facing the worsening problem of aging, and 
frailty is a key aspect. As effective responses and more 
comprehensive indicators have been developed, adverse 
health outcomes of frailty are being ameliorated, yet 
more challenges in the context of individual pathogenesis 

and management still need to be addressed. Infection 
and non-infection inflammation can both induce the 
pathogenesis of frailty syndromes, and they are more 
prevalent in vulnerable elderly. Atypical presentations 
of infections and under-diagnosis or over-diagnosis 
of different types of infections are common in older 
adults, requiring multi-component interventions in a 
multidisciplinary approach for treatment. Systematic 
and sensitive screening and assessment are important for 
individuals with infections like HIV.
 CGA is considered to be a useful diagnostic process 
with which to comprehensively assess frailty status and 
various GS. CGA-based interventions, multicomponent 
physical training, and multidimensional interventions 
including stem cell treatments and nutritional support, 
along with improved communication and collaboration 
between healthcare sectors, have been found to be 
effective in hospital, community, and primary care 
settings. However, caution must be exercised when 
assessing frailty in general clinical settings. Continuous 
management systems beyond a simple one-time 
evaluation should be created.
 At the individual level, the management of frailty 
is a complex issue that requires tailored interventions 
to preserve the physical function, independence, and 
cognition of the elderly. At present, there is a lack of 
quality cutting-edge evidence regarding "how best to 
identify and treat people with frailty" and "what are the 
most cost-effective interventions." The challenges of 
managing frailty, such as the complexity of combined 
interventions, limited cost-effectiveness, and the need for 
a simple, low-cost strategy still need to be solved.

Funding: This work was supported by a grant for a 
project (JCYJ20190809143609762) under the City of 
Shenzhen's Science and Technology Plan.

Conflict of Interest: The authors have no conflicts of 
interest to disclose.

References

1. Foreman KJ, Marquez N, Dolgert A, et al. Forecasting 
life expectancy, years of life lost, and all-cause and cause-
specific mortality for 250 causes of death: Reference and 
alternative scenarios for 2016-40 for 195 countries and 
territories. Lancet (London, England). 2018; 392:2052-
2090.

2. Xi JY, Lin X, Hao YT. Measurement and projection of the 
burden of disease attributable to population aging in 188 
countries, 1990-2050: A population-based study. J Glob 
Health. 2022; 12:04093.

3. Jia H, Huang W, Liu C, Tang S, Zhang J, Chen C, Tian Y, 
Zhong W. Immunosenescence is a therapeutic target for 
frailty in older adults: A narrative review. Ann Transl Med. 
2022; 10:1142.

4. Inouye SK, Studenski S, Tinetti ME, Kuchel GA. Geriatric 
syndromes: Clinical, research, and policy implications of 
a core geriatric concept. J Am Geriatr Soc. 2007; 55:780-



www.biosciencetrends.com

BioScience Trends. 2023; 17(4):262-270.BioScience Trends. 2023; 17(4):262-270. 268

791.
5. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch 

C, Gottdiener J, Seeman T, Tracy R, Kop WJ, Burke 
G, McBurnie MA, Cardiovascular Health Study 
Collaborative Research G. Frailty in older adults: 
Evidence for a phenotype. J Gerontol A Biol Sci Med Sci. 
2001; 56:M146-156.

6. Morley JE, Vellas B, van Kan GA, et al. Frailty consensus: 
A call to action. J Am Med Dir Assoc. 2013; 14:392-397.

7. Fan J, Yu C, Guo Y, et al. Frailty index and all-cause and 
cause-specific mortality in Chinese adults: A prospective 
cohort study. Lancet Public Health. 2020; 5:e650-e660.

8. Hoogendijk EO, Afilalo J, Ensrud KE, Kowal P, Onder 
G, Fried LP. Frailty: implications for clinical practice and 
public health. Lancet (London, England). 2019; 394:1365-
1375.

9. Paul JA, Whittington RA, Baldwin MR. Critical illness 
and the frailty syndrome: Mechanisms and potential 
therapeutic targets. Anesth Analg. 2020; 130:1545-1555.

10. Feng Z, Lugtenberg M, Franse C, Fang X, Hu S, Jin C, 
Raat H. Risk factors and protective factors associated with 
incident or increase of frailty among community-dwelling 
older adults: A systematic review of longitudinal studies. 
PloS one. 2017; 12:e0178383.

11. Weiskopf D, Weinberger B, Grubeck-Loebenstein B. The 
aging of the immune system. Transpl Int. 2009; 22:1041-
1050.

12. Bleve A, Motta F, Durante B, Pandolfo C, Selmi C, Sica 
A. Immunosenescence, inflammaging, and frailty: Role 
of myeloid cells in age-related diseases. Clin Rev Allergy 
Immunol. 2023; 64:123-144.

13. Franceschi C, Campisi J. Chronic inflammation 
(inflammaging) and its potential contribution to age-
associated diseases. J Gerontol A Biol Sci Med Sci. 2014; 
69 Suppl 1:S4-9.

14. Goronzy JJ, Weyand CM. Mechanisms underlying T cell 
ageing. Nat Rev Immunol. 2019; 19:573-583.

15. Montgomery RR, Shaw AC. Paradoxical changes in innate 
immunity in aging: Recent progress and new directions. J 
Leukoc Biol. 2015; 98:937-943.

16. Baechle JJ, Chen N, Makhijani P, Winer S, Furman D, 
Winer DA. Chronic inflammation and the hallmarks of 
aging. Mol Metab. 2023; 74:101755.

17. Neves J, Demaria M, Campisi J, Jasper H. Of flies, 
mice, and men: Evolutionarily conserved tissue damage 
responses and aging. Dev Cell. 2015; 32:9-18.

18. Sieber CC. Frailty - From concept to clinical practice. Exp 
Gerontol. 2017; 87:160-167.

19. Xue QL, Walston JD, Fried LP, Beamer BA. Prediction 
of risk of falling, physical disability, and frailty by rate of 
decline in grip strength: The Women's Health and Aging 
Study. Arch Intern Med. 2011; 171:1119-1121.

20. Grosskopf A, Simm A. [Aging of the immune system]. Z 
Gerontol Geriatr. 2022; 55:553-557.

21. Heinze-Milne SD, Banga S, Howlett SE. Frailty and 
cytokines in preclinical models: Comparisons with 
humans. Mech Ageing Dev. 2022; 206:111706.

22. Piggott DA, Varadhan R, Mehta SH, Brown TT, Li H, 
Walston JD, Leng SX, Kirk GD. Frailty, inflammation, 
and mortality among persons aging with HIV infection 
and injection drug use. J Gerontol A Biol Sci Med Sci. 
2015; 70:1542-1547.

23. Qu T, Yang H, Walston JD, Fedarko NS, Leng SX. 
Upregulated monocytic expression of CXC chemokine 
ligand 10 (CXCL-10) and its relationship with serum 

interleukin-6 levels in the syndrome of frailty. Cytokine. 
2009; 46:319-324.

24. Xu Y, Wang M, Chen D, Jiang X, Xiong Z. Inflammatory 
biomarkers in older adults with frailty: a systematic 
review and meta-analysis of cross-sectional studies. Aging 
Clin Exp Res. 2022; 34:971-987.

25. Soysal P, Stubbs B, Lucato P, et al. Inflammation and 
frailty in the elderly: A systematic review and meta-
analysis. Ageing Res Rev. 2016; 31:1-8.

26. Marcos-Perez D, Sanchez-Flores M, Proietti S, Bonassi 
S, Costa S, Teixeira JP, Fernandez-Tajes J, Pasaro E, 
Laffon B, Valdiglesias V. Association of inflammatory 
mediators with frailty status in older adults: Results from a 
systematic review and meta-analysis. Geroscience. 2020; 
42:1451-1473.

27. McKechnie DGJ, Papacosta AO, Lennon LT, Ramsay SE, 
Whincup PH, Wannamethee SG. Associations between 
inflammation, cardiovascular biomarkers and incident 
frailty: The British Regional Heart Study. Age Ageing. 
2021; 50:1979-1987.

28. Nascimento CMC, Zazzetta MS, Gomes GAO, Orlandi 
FS, Gramani-Say K, Vasilceac FA, Gratao ACM, Pavarini 
SCI, Cominetti MR. Higher levels of tumor necrosis factor 
beta are associated with frailty in socially vulnerable 
community-dwelling older adults. BMC Geriatr. 2018; 
18:268.

29. Picca A, Coelho-Junior HJ, Calvani R, Marzetti E, Vetrano 
DL. Biomarkers shared by frailty and sarcopenia in older 
adults: A systematic review and meta-analysis. Ageing 
Res Rev. 2022; 73:101530.

30. Byrne T, Cooke J, Bambrick P, McNeela E, Harrison 
M. Circulating inflammatory biomarker responses in 
intervention trials in frail and sarcopenic older adults: A 
systematic review and meta-analysis. Exp Gerontol. 2023; 
177:112199.

31. Okyar Bas A, Guner M, Ceylan S, Hafizoglu M, Sahiner 
Z, Dogu BB, Halil MG, Cankurtaran M, Balci C. Pan-
immune inflammation value; A novel biomarker reflecting 
inflammation associated with frailty. Aging Clin Exp Res. 
2023.

32. Althoff KN, McGinnis KA, Wyatt CM, et al. Comparison 
of risk and age at diagnosis of myocardial infarction, end-
stage renal disease, and non-AIDS-defining cancer in 
HIV-infected versus uninfected adults. Clin Infect Dis. 
2015; 60:627-638.

33. Fulop T, Herbein G, Cossarizza A, Witkowski JM, Frost 
E, Dupuis G, Pawelec G, Larbi A. Cellular senescence, 
immunosenescence and HIV. Interdiscip Top Gerontol 
Geriatr. 2017; 42:28-46.

34. Blanco JR, Jarrin I, Vallejo M, Berenguer J, Solera C, 
Rubio R, Pulido F, Asensi V, del Amo J, Moreno S, CoRis. 
Definition of advanced age in HIV infection: Looking 
for an age cut-off. AIDS Res Hum Retroviruses. 2012; 
28:1000-1006.

35. European guidelines for the clinical management and 
treatment of HIV-infected adults in Europe. AIDS (London, 
England). 2003; 17 Suppl 2:S3-26.

36. Bloch M. Frailty in people living with HIV. AIDS Res 
Ther. 2018; 15:19.

37. Desquilbet L, Jacobson LP, Fried LP, Phair JP, Jamieson 
BD, Holloway M, Margolick JB, Multicenter ACS. HIV-
1 infection is associated with an earlier occurrence of a 
phenotype related to frailty. J Gerontol A Biol Sci Med 
Sci. 2007; 62:1279-1286.

38. Smit M, Brinkman K, Geerlings S, Smit C, Thyagarajan 



www.biosciencetrends.com

BioScience Trends. 2023; 17(4):262-270.BioScience Trends. 2023; 17(4):262-270. 269

K, Sighem A, de Wolf F, Hallett TB, cohort Ao. Future 
challenges for clinical care of an ageing population 
infected with HIV: A modelling study. Lancet Infect Dis. 
2015; 15:810-818.

39. Guan Y, Zhu H, Qi T, Zhang R, Chen J, Liu L, Shen Y, Lu H, 
Tang Q. HIV/AIDS strategies should focus on outcomes 
and the psychological status of older patients diagnosed 
with HIV. Biosci Trends. 2022; 16:91-98.

40. Chinese CDC. Public Health Science Data Center. 
h t tps : / /www.phsc iencedata .cn /Share /ky_s jml .
jsp?id=%27a56cd203-cd11-414d-9efa-d1583b97476f%27 
(accessed September 14, 2021).

41. Piggott DA, Erlandson KM, Yarasheski KE. Frailty in 
HIV: Epidemiology, biology, measurement, interventions, 
and research needs. Current HIV/AIDS Reports. 2016; 
13:340-348.

42. Terzian AS, Holman S, Nathwani N, Robison E, Weber K, 
Young M, Greenblatt RM, Gange SJ. Factors associated 
with preclinical disability and frailty among HIV-infected 
and HIV-uninfected women in the era of cART. J Women's 
Health (2002). 2009; 18:1965-1974.

43. Pathai S, Gilbert C, Weiss HA, Cook C, Wood R, Bekker 
LG, Lawn SD. Frailty in HIV-infected adults in South 
Africa. J Acquir Immune Defic Syndr. 2013; 62:43-51.

44. Cohen MH, Hotton AL, Hershow RC, Levine A, Bacchetti 
P, Golub ET, Anastos K, Young M, Gustafson D, Weber 
KM. Gender-related risk factors improve mortality 
predictive ability of VACS index among HIV-infected 
women. J Acquir Immune Defic Syndr. 2015; 70:538-544.

45. Verucchi G, Calza L, Manfredi R, Chiodo F. Human 
immunodeficiency virus and hepatitis C virus coinfection: 
Epidemiology, natural history, therapeutic options and 
clinical management. Infection. 2004; 32:33-46.

46. Thurn M, Gustafson DR. Faces of frailty in aging with 
HIV infection. Current HIV/AIDS Reports. 2017; 14:31-
37.

47. Fontela C, Castilla J, Juanbeltz R, Martínez-Baz I, Rivero 
M, O'Leary A, Larrea N, San Miguel R. Comorbidities 
and cardiovascular risk factors in an aged cohort of HIV-
infected patients on antiretroviral treatment in a Spanish 
hospital in 2016. Postgraduate medicine. 2018; 130:317-
324.

48. Osiewacz HD, Bernhardt D. Mitochondrial quality 
control: impact on aging and life span - a mini-review. 
Gerontology. 2013; 59:413-420.

49. Margolick JB, Bream JH, Martínez-Maza O, Lopez J, Li X, 
Phair JP, Koletar SL, Jacobson LP. Frailty and circulating 
markers of inflammation in HIV+ and HIV- men in the 
Multicenter AIDS Cohort Study. J Acquir Immune Defic 
Syndr. 2017; 74:407-417.

50. Collard RM, Boter H, Schoevers RA, Oude Voshaar 
RC. Prevalence of frailty in community-dwelling older 
persons: A systematic review. J Am Geriatr Soc. 2012; 
60:1487-1492.

51. Rockwood K, Mitnitski A. Frailty in relation to the 
accumulation of deficits. J Gerontol A Biol Sci Med Sci. 
2007; 62:722-727.

52. Dent E, Morley JE, Cruz-Jentoft AJ, et al. Physical frailty: 
ICFSR International Clinical Practice Guidelines for 
Identification and Management. J Nutr Health Aging. 
2019; 23:771-787.

53. Moorhouse P, Mallery LH. Palliative and therapeutic 
harmonization: A model for appropriate decision-making 
in frail older adults. J Am Geriatr Soc. 2012; 60:2326-
2332.

54. Liu X, Ng DH-M, Seah JW-T, Munro YL, Wee S-L. 
Update on interventions to prevent or reduce frailty in 
community-dwelling older adults: A scoping review and 
community translation. Current Geriatrics Reports. 2019; 
8:72-86.

55. Leng SX, Margolick JB. Aging, sex, inflammation, frailty, 
and CMV and HIV infections. Cell Immunol. 2020; 
348:104024.

56. American College of Sports M, Chodzko-Zajko WJ, 
Proctor DN, Fiatarone Singh MA, Minson CT, Nigg 
CR, Salem GJ, Skinner JS. American College of Sports 
Medicine position stand. Exercise and physical activity for 
older adults. Med Sci Sports Exerc. 2009; 41:1510-1530.

57. Ni Lochlainn M, Cox NJ, Wilson T, et al. Nutrition 
and frailty: Opportunities for prevention and treatment. 
Nutrients. 2021; 13.

58. Gene Huguet L, Navarro Gonzalez M, Kostov B, Ortega 
Carmona M, Colungo Francia C, Carpallo Nieto M, 
Hervas Docon A, Vilarrasa Sauquet R, Garcia Prado R, 
Siso-Almirall A. Pre Frail 80: Multifactorial intervention 
to prevent progression of pre-frailty to frailty in the 
elderly. J Nutr Health Aging. 2018; 22:1266-1274.

59. Serra-Prat M, Sist X, Domenich R, Jurado L, Saiz 
A, Roces A, Palomera E, Tarradelles M, Papiol M. 
Effectiveness of an intervention to prevent frailty in pre-
frail community-dwelling older people consulting in 
primary care: A randomised controlled trial. Age Ageing. 
2017; 46:401-407.

60. Luger E, Dorner TE, Haider S, Kapan A, Lackinger C, 
Schindler K. Effects of a home-based and volunteer-
administered physical training, nutritional, and social 
support program on malnutrition and frailty in older 
persons: A randomized controlled trial. J Am Med Dir 
Assoc. 2016; 17:671 e679-671 e616.

61. Ng TP, Feng L, Nyunt MS, Feng L, Niti M, Tan BY, 
Chan G, Khoo SA, Chan SM, Yap P, Yap KB. Nutritional, 
physical, cognitive, and combination interventions 
and frailty reversal among older adults: A randomized 
controlled trial. Am J Med. 2015; 128:1225-1236 e1221.

62. Lee PG, Jackson EA, Richardson CR. Exercise 
prescriptions in older adults. Am Fam Physician. 2017; 
95:425-432.

63. Ruikes FG, Zuidema SU, Akkermans RP, Assendelft WJ, 
Schers HJ, Koopmans RT. Multicomponent program to 
reduce functional decline in frail elderly people: A cluster 
controlled trial. J Am Board Fam Med. 2016; 29:209-217.

64. Pedroli E, Cipresso P, Greci L, Arlati S, Boilini L, 
Stefanelli L, Rossi M, Goulene K, Sacco M, Stramba-
Badiale M, Gaggioli A, Riva G. An immersive motor 
protocol for frailty rehabilitation. Front Neurol. 2019; 
10:1078.

65. Friedenstein AJ, Chailakhjan RK, Lalykina KS. The 
development of fibroblast colonies in monolayer cultures 
of guinea-pig bone marrow and spleen cells. Cell Tissue 
Kinetics. 1970; 3:393-403.

66. Dominici M, Le Blanc K, Mueller I, Slaper-Cortenbach 
I, Marini F, Krause D, Deans R, Keating A, Prockop D, 
Horwitz E. Minimal criteria for defining multipotent 
mesenchymal stromal cells. The International Society for 
Cellular Therapy position statement. Cytotherapy. 2006; 
8:315-317.

67. Zhang X, Hirai M, Cantero S, Ciubotariu R, Dobrila 
L, Hirsh A, Igura K, Satoh H, Yokomi I, Nishimura T, 
Yamaguchi S, Yoshimura K, Rubinstein P, Takahashi 
TA. Isolation and characterization of mesenchymal stem 



www.biosciencetrends.com

BioScience Trends. 2023; 17(4):262-270.BioScience Trends. 2023; 17(4):262-270.

cells from human umbilical cord blood: Reevaluation of 
critical factors for successful isolation and high ability to 
proliferate and differentiate to chondrocytes as compared 
to mesenchymal stem cells from bone marrow and adipose 
tissue. J Cell Biochem. 2011; 112:1206-1218.

68. Rodriguez AM, Elabd C, Amri EZ, Ailhaud G, Dani C. 
The human adipose tissue is a source of multipotent stem 
cells. Biochimie. 2005; 87:125-128.

69. Smiler D, Soltan M, Albitar M. Toward the identification 
of mesenchymal stem cells in bone marrow and peripheral 
blood for bone regeneration. Implant Dentistry. 2008; 
17:236-247.

70. Griffiths MJ, Bonnet D, Janes SM. Stem cells of the 
alveolar epithelium. Lancet (London, England). 2005; 
366:249-260.

71. Tuli R, Li WJ, Tuan RS. Current state of cartilage tissue 
engineering. Arthritis Res Ther. 2003; 5:235-238.

72. Jackson WM, Nesti LJ, Tuan RS. Potential therapeutic 
applications of muscle-derived mesenchymal stem and 
progenitor cells. Expert opinion on biological therapy. 
2010; 10:505-517.

73. Golpanian S, Wolf A, Hatzistergos KE, Hare JM. 
Rebuilding the damaged heart: Mesenchymal stem cells, 
cell-based therapy, and engineered heart tissue. Physiol 
Rev. 2016; 96:1127-1168.

74. Uccelli A, Moretta L, Pistoia V. Mesenchymal stem cells 
in health and disease. Nat Rev Immunol. 2008; 8:726-736.

75. Samsonraj RM, Raghunath M, Nurcombe V, Hui JH, 
van Wijnen AJ, Cool SM. Concise review: Multifaceted 
characterization of human mesenchymal stem cells for use 
in regenerative medicine. Stem Cells Transl Med. 2017; 
6:2173-2185.

76. Bryon AT, Ana Marie L, Victoria F, Makoto N, Angela 
CR, Wayne B, Ivonne Hernandez S, Joshua MH. 
Allogeneic mesenchymal stem cells as a treatment for 
aging frailty. In: Frailty and Sarcopenia (Yannis D, ed. 

IntechOpen, Rijeka, 2017; pp. Ch. 11.
77. Tompkins BA, DiFede DL, Khan A, et al. Allogeneic 

mesenchymal stem cells ameliorate aging frailty: A phase 
II randomized, double-blind, placebo-controlled clinical 
trial. J Gerontol A Biol Sci Med Sci. 2017; 72:1513-1522.

78. Golpanian S, DiFede DL, Khan A, et al. Allogeneic 
Human Mesenchymal Stem Cell Infusions for Aging 
Frailty. J Gerontol A Biol Sci Med Sci. 2017; 72:1505-
1512.

79. Yousefi K, Ramdas KN, Ruiz JG, Walston J, Arai H, Volpi 
E, Newman AB, Wang C, Hitchinson B, McClain-Moss 
L, Diaz L, Green GA, Hare JM, Oliva AA. The design and 
Rationale of a Phase 2b, Randomized, Double-Blinded, 
and Placebo-Controlled Trial to Evaluate the Safety and 
Efficacy of Lomecel-B in Older Adults with Frailty. J 
Frailty Aging. 2022; 11:214-223.

Received July 26, 2023; Revised August 15, 2023; Accepted 
August 18, 2023.

§These authors contributed equally to this work.
*Address correspondence to:
Hongzhou Lu, Department of Infectious Diseases, National 
Clinical Research Center for Infectious Diseases, the Third 
People's Hospital of Shenzhen, 29 Buji Bulan Road, Shenzhen, 
Guangdong 518112, China.
E-mail: luhongzhou@fudan.edu.cn

Hong Gao, Department of Geriatric Medicine, National 
Clinical Research Center for Infectious Diseases, the Third 
People's Hospital of Shenzhen, 29 Buji Bulan Road, Shenzhen, 
Guangdong 518112, China.
E-mail: neisanke-01@szsy.sustech.edu.cn

Released online in J-STAGE as advance publication August 
23, 2023.

270


