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Frailty has been accurately defined by the
International Association of Gerontology and

Geriatrics (IAGG) Frailty Consensus as a reduced
strength and physiologic malfunctioning that increases
an individual’s susceptibility to increased dependency,
vulnerability and death1. Frailty develops when there
is multi-system decline or failure. The number of
systems involved contribute to the impact of frailty2.
The implication of a person being labeled frail is that
the severity of illness is likely to be more and the
chances of recovery less than in pre-frail or individuals
without Frailty.

Our understanding of Frailty has drastically
improved with time. Aging, illness, poverty, immune
status, endocrine factors are all believed to cause and
affect frailty in an individual2.  Inflammation is one of
the pathways and an established causative factor for
Frailty. Thus, Frailty is multifactorial and a single
pathophysiological process cannot be ascribed to the
genesis of Frailty. It is a result of cumulative cellular
damage gathered over time with  factors an interactive

role3. In a robust individual, there are homeostatic
buffers which prevent decline of function even after any
insult to the body and retard progression towards
debility. It is only when a limit is surpassed that frailty
develops in an individual. This threshold is strongly
determined by the age of an individual and decreases
as one ages, because the homeostatic reserve of the
body tends to with time4.

Frailty is thought to be reversible, so early detection
may prove useful in returning the subject to state. Frailty
can be measured using different scales. In 2001, Fried
and colleagues designed a scale which used clinical
parameters to assess and grade frailty. The five physical
features of the Fried, et al criterion are: unintentional
weight loss, exhaustion, weakness, slow walking
speed and low physical activity5. Individuals can be
categorized into being in one of the 3 states; robust or
non frail, frail and dependent. The stages of Frailty,
based on the Fried phenotype criterion are; A person
is not frail if the score is 0; 1 or 2 score implies
increased risk of becoming frail and are hence termed
as pre-frail; A score of 3-5 suggests frailty. This was
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Editor's Comment :
Functional decline rather than the chronological age of the
individual is more consistent with the concept of aging.
Inflammaging plays a pivotal role in induction and
progression of frailty in elderly.
Frailty incident to increasing age is associated with higher
levels of inflammatory markers.
Early detection of frailty by use of biomarkers may prove
useful in reversing the condition.
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followed by another breakthrough when Rockwood and
Mitnitski proposed another Frailty criterion which
includes Psychosocial aspect of Frailty along with the
physical aspect6. Both these scales are, today, the
most commonly used scales for the measurement of
frailty.

The current review includes studies which used
either of these criteria for measuring frailty. Pro-
inflammatory cytokines promote protein degradation
and affect important metabolic pathways and thereby
influence Frailty7. The review focuses on the evolution
of using inflammation as the key risk factor for induction
and progression.

MATERIALS AND METHODS

Search strategy :
Studies were sought through an extensive

bibliographic search making use of these databases:
PubMed, Embase, CINAHL, Medline updated to
January, 2021. The search terms used were (frailty)
AND (inflammatory biomarkers) OR (cytokines) AND
(elderly).

Eligibility criteria for selection of studies  :

The studies included in this systematic review are
cross-sectional, cohort, prospective studies or
randomized clinical trials. Only the trials conducted
on populations aged more than 65 years were selected.
Frailty criterion used in  studies was Fried Frailty
phenotype criterion5. Another criterion used was
Rockwood Frailty Index6. When we found papers
published by the same author/s, we included only the
complete ones and the most recent ones in the study.
Only the trials and studies conducted on humans were
included in the review. Important outcomes pertaining
to the title of the review, that is, any significant rise in
inflammatory markers, general inflammatory profile,
levels of endocrine immune markers, racial and gender
variations and topography were evaluated and relevant
findings were taken into account. Only the studies and
trials in English were considered. Studies having
confounding factors such as other comorbidities were
excluded. We tried to identify publications describing
the relation of inflammatory Biomarkers as an index of
Frailty in the elderly. 11 were selected for the
systematic review out of the 53 relevant articles found.

Study characteristics :

The studies done were from multiple Countries in
different Continents and thus provided a universal view-
point. The studies were during different time periods
and therefore, the evolution of our understanding of
the concept of Frailty and its association with

inflammation. We have summarized the relevant details
of each study in a tabulated form (Table 1).

Data collection :
The information that was extracted from various

studies included: Author, Year of publication, Country,
Type of study, Sample size, Frailty criteria,
Inflammatory biomarkers and Conclusion. The studies
are presented in Table 1 along with their findings.

DISCUSSION

This review shows that from 2013 to 2020,
numerous markers were linked  frailty. Conclusions of
the studies varied across the studies, but it was
uniformly observed that a multitude of inflammatory
markers were associated with increased incidence of
Frailty among elderly. In the beginning of the decade,
a prospective study by Gale et al indicated that C-
reactive protein and Fibrinogen levels were significantly
associated with Frailty and this association was more
pronounced in women8. Endocrine markers also
emerged as causal factors for frailty. Baylis et al
concluded that levels of White cell count, neutrophils,
monocytes, ESR and dehydroepiandrosterone
augmented the frailty status of an individual18. The
study by Lai et al focussed on institutionalized men
which were an unexplored subset of the elderly
population at that time10. Their contribution revealed a
strong correlation between IL-6 and incident Frailty in
the population of older men above 65 years of age.
However, contrary to the previous studies, no significant
association was observed with CRP or TNF-alpha. The
plausible explanation lied in the exclusion of persons
with co-morbidities in this study; as authors argued
that co-morbidities might have led to increased CRP
and also Frailty in previous studies10.

The year 2016 marked the beginning of a change
in how we looked at “Frailty and Inflammation”. Lu et
al, through their cohort of 76 participants found a direct
association of Frailty with soluble glycoprotein 130
(sgp130) and IL-6 receptors12.  As the levels of these
markers are more stable these are considered more
reliable indicators of Frailty. This study is consistent
with the notion that changes in cytokine migration and
chemokine response alter Frailty in elderly12.

One of the significant findings in the year 2017 was
a weak association of frailty with IL-8 levels, seen in
the study done by Hsu et al13. Later in 2017, study by
Langmann, et al on long-term-care female residents
threw light on levels of inflammatory markers at 12
and 24 months following start of the trial and any
subsequent development or progression of Frailty14.
Their study shows functional decline with time in

60



Vol 120, No 8, August 2022 Journal of the Indian Medical Association

Table 1 — Studies showing association of frailty with inflammatory markers

Authors Year of Type of Frailty Inflammatory biomarkers  associated
publication/ study/ criteria
Country Sample

size(n)

Gale CR 2013/ U.K. Prospective Fried frailty
et al8 study/ phenotype

2146 criteria

Baylis D 2013/ Cohort Fried frailty
et al9 U.K. study/ phenotype

254 criteria

Lai HY 2014/ Prospective Fried frailty
et  al10 Taiwan study / 386 phenotype

criteria

Zhu Y 2016/ Cross – Modified frailty
et al11 China sectional phenotype

study/1478 criteria

Lu Y 2016/ Cohort Rockwood frailty
et al12 Singapore study/ 76 index  and Fried

frailty phenotype
criteria

Hsu B 2017/ Cross Fried frailty
et al13 Australia sectional phenotype,

study / 1705 Rockwood frailty
phenotype criteria

Langman GA 2017/ Double Modified
et al14 U.S.A blind Fried frailty

RCT / 178 index

Marcos 2018/ Cross Fried frailty
Perez D Spain sectional phenotype
et al7 study/ 259 criteria

Semmarath 2019/ Cross Fried frailty
W et al15 Thailand sectional phenotype

study / 526 criteria

Marzetti E 2019/ Cross SPPB
et al16 Italy sectional,

case
control/1200

Palmer J 2019/ Prospective Trauma
et al17 U.S.A analysis/100 specific frailty

index

SD: Standard deviation; CRP: C-reactive protein; WCC: White cell count; ESR: Erythrocyte sedimentation rate;
DHEAS: Dehydroepiandrosterone; IL-6: Interleukin-6; TNF-alpha: Tumor necrosis factor- alpha; RANTES: Regulated
upon activation normal T cell expressed and secreted; MCP-1: Monocytes chemoattractant protein 1; RCT:
Randomized clinical trial; CD: Cluster of differentiation; SPPB: Short Physical  Performance  Battery-score; MPO:
Myeloperoxidase; FGF-beta: Fibroblast growth factor-beta; MIP-1:Macrophage inflammatory protein; IGF-1:
Insulin like growth factor-1; GH: Growth hormone

For each SD unit increase in CRP and fibrinogen levels, an odds
ratio greater than 1 was observed. implies the association is positive
and significant.

A plethora of inflammatory markers consisting of WCC, T4, ESR,
lymphocytes, neutrophils, monocytes and DHEAS was shown to
be associated with increased risk of frailty.

Trends towards a high IL-6 with frail status was demonstrated.
Association of TNF- alpha was seen both in adjusted and unadjusted
for age trails.

Approximately a quarter of participants were categorized into high
CRP group, one-eighth in low CRP and more than half in intermediate
CRP  group. From high to low CRP, hospital admissions increased
linearly.

Positive associations of the Frailty Index with levels of soluble
glycoprotein 130, I-309, B-cell attracting chemokine 1, RANTES,
and leptin were observed. MCP-1 showed an inverse relation with
the Frailty Index.

For each SD increase in levels of IL-6, men were at more risk of
developing frailty when compared to robust individuals. For each
SD increase in IL-8, males have an odds ratio of 1.16 more likely to
be pre- frail and 1.28 for being frail. IL-8 continued to be associated
with frailty when adjusted for age.

Frail participants had higher levels of CRP, TNF- alpha- R1, TNF-
alpha R2, IL-6, IL-6-R.

Levels of TNF-R2, TNF-alpha, IL-6 and CRP were seen to be high in
frail participants.CD19+ cell concentration significantly decreased
in the frail group.

Both inflammatory markers (CRP and IL-6) were increased in the
frail group of patients, irrespective of the sex of the patient. IL-6
was reported to be more associated with frailty risk.

Physical frailty and sarcopeniacytokinome includes higher levels of
CRP and lower concentration of MPO, IL-8, MCP -1, IF alpha, FGF-
beta, TNF -alpha, MIP-1 beta, IL-17.

Frailty associated pro-inflammatory biomarkers observed were IL-
1beta, IL-6 -2 alpha, TNF- alpha and endocrine biomarkers IGF-1
and GH.
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subjects having higher baseline levels of IL-6, CRP
and TNF-alpha irrespective of baseline comorbidities.14
In the study by Marcos Perez D, et al explored immune
markers in elderly and a slight decrease in CD19+
cells was observed in the frail group. An increase in
the CD4+/CD8+ ratio in frail subjects was also
significantly prominent7. The study also suggested that
sTNF-RII levels may have clinical relevance in screening
for Frailty since TNF-alpha gets shed and cleaved into
sTNF-RI and sTNF-RII which can be measured more
accurately in blood to look for significant TNF-alpha
activities7. Marzetti et al  found an inverse relationship
between Frailty and levels of myeloperoxidase, platelet
derived growth factor BB isoform (PDGF-BB), IL-8 and
monocytes chemoattractant protein 1.16.  Their study
pivoted around the cytokinome in frail patients and
hence entails the discussion regarding muscle atrophy
and degeneration in a frail individual. Interferon gamma
induced protein 10(IP-10) is implicated as a marker of
muscle atrophy and hence leading to physical Frailty
and Sarcopenia according to their study. P-selectin
levels  the walking speed and high levels were found
in older frail women16. The studies support an
association between age-related chronic inflammation
and development of Frailty. These findings can be put
into use for early identification of frailty by using certain
Biomarkers as diagnostic tools and preventing
progression of Frailty into severe functional disability.
The individual contribution of the various Biomarkers
is discussed at length below.

CRP and Frailty :
C-reactive Protein (CRP) is an inflammatory

Biomarker whose production is upregulated in
inflammatory and infectious conditions by the Liver and
becomes detectable in the blood after 6 hours and
peaks within 36-48 hours19. With increasing age, a
chronic, low grade inflammation sets in, also termed
as inflammaging, leading to decrease response to
antigens. Studies by Kenny RA et al in the 1980s,
first, described elevation of CRP in acute infections in
the elderly population20. CRP can also be used as a
major prognostic marker in most of the pathological
states. CRP levels are directly proportional to the
intensity of inflammation and, thus, higher CRP levels
indicate a more severe disease and prognosis. CRP
concentration increases during aging and may
contribute to the pathogenesis of age-related
Cardiovascular events and Diabetes21. It was seen that
this association was far greater in women than in men.
One potential explanation is that women have more
adipose tissue which results in increased CRP
production by the Hepatocytes in women. This also

suggests that obesity triggers inflammation and has
more influence  Frailty in women8. Raised CRP levels
ve detrimental effects on multiple organ-systems
Sarcopenia, Anaemia, Glucose intolerance and Blood
dyscrasias. All of this ultimately culminates into
adverse health outcomes including falls, disabilities,
dependencies and death.

IL-6 and Frailty  :
Interleukin-6 is an inflammatory marker produced

by many different cells. Levels of IL-6 increase with
age and are also associated with many of the age
related diseases. Increased IL-6 concentrations have
been shown to be associated with increased risk of
developing disability and reduced muscle strength10.
Grip strength is also a component of Frailty criterion
which is more specifically associated with increased
levels of inflammatory cytokine, IL-6. This is consistent
with the other studies where increased levels of IL-6
were found to lead to Frailty because they caused
decrease in muscle mass and muscle strength that
resulted in reduced grip strength; a specific weakness
phenotype22. Some studies also found that IL-6 through
its inhibiting effect on Erythropoietin also caused
anemia. Cellular senescence is a major causal factor
of Frailty which develops with increasing age.
Senescence inducers cause mutations, DNA damage,
reactive metabolites and proteotoxic stress which, by
activating tumor suppressor genes, initiates the
senescence response. Chronic inflammation and
tissue dysfunction are the result of the infiltration and
phenotypic changes of immune cells by the senescent
cells13.

TNF- alpha and Frailty :

TNF-alpha is a cytokine produced by macrophages
and monocytes. It upregulates the production of IL-6
and mediates immune mechanisms both in normal as
well as pathological states. Increased levels of TNF-
alpha in frail patients have shown to increase the rate
of skeletal muscle cells apoptosis. Serum levels of
TNF-alpha were reported to be directly proportional to
IL6 and CRP levels in geriatric population that suggests
activation of the entire inflammatory cascade. Some
studies also showed lower levels of TNF-alpha. One
reason for the above statement could be that TNF-
alpha induces IL-6 production but  appear in circulation.
Moreover, being a less stable marker; TNF-alpha is a
relatively less reliable indicator of chronic
inflammation10.

Fibrinogen and Frailty :
Fibrinogen, a glycoprotein, consists of 6 subunits:

two alpha, beta and gamma respectively. It is
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synthesized in the Liver and is involved in the
coagulation cascade. Levels of Fibrinogen have been
found to influence the Frailty status of an individual23.
Conversely, physiological changes subsequent to aging
also affect the coagulation profile through their actions
on fibrinogen8. Higher baseline concentration of
fibrinogen was found to be associated with higher
incidence of frailty among women23. The effect
accentuated when the baseline concentration of CRP
was also higher23.

IL-8 and Frailty :
IL-8 is a Cytokine produced by Phagocytes and

Mesenchymal cells under inflammatory stimulus and
activates Neutrophils producing a plethora of effects.
Activated Neutrophils undergo chemotaxis, exocytosis
and respiratory burst. IL-8 is one of the meditators
responsible for Neutrophil migration and accumulation
at the site of inflammation8. IL-8 was found to be
weakly associated with Frailty. For one SD increase
in IL-8, there was increased odds-ratio for developing
frailty in men. IL-8 showed positive association with
frailty even when adjusted for age.

Other markers and Frailty :

Baseline levels of other markers; Neutrophils, WCC,
Monocytes, Lymphocytes, ESR, freeT4, DHEAS, ratio
of cortisol to DHEAS is found to be relevant in
predicting Frailty as these markers, directly or
indirectly, lead to development of the state of
inflammaging13. The concept of inflammaging states
that aging is associated with an increase in the
inflammatory Cytokines and hence the Leukocytes and
acute phase reactants.

Clinical relevance :
With the help of this literature review, we have

reviewed the relationship  increasing age  marked
increase in the levels of the inflammatory markers.
Most of the evidence suggests that the levels of CRP,
IL-6 and to some extent, TNF-alpha are consistent
with the concept of inflammaging and that these
markers can be used to assess the Frailty status of
individuals, especially the elderly24. Measurement of
Serum CRP levels is being considered as an appropriate
screening test but its use is limited to the detection of
pathological or various inflammatory states. These
studies support the use of CRP and IL-6 as diagnostic
tools for frailty in elderly which could help predict the
susceptibility of an individual to disease and disability.
To study the role of immune markers in the oldest old,
more studies are required. There are some studies
that provide contradictory evidence to the findings of
the above studies and there are some that incriminate

other inflammatory markers in Frailty. We still need
confirmatory evidence so as to use these markers in
real world settings to diagnose and delay or reverse
Frailty wherever feasible. This is clinically very relevant
as population over 60 years is expected to be more
than 22% of the world population by 2050 and the
clinician is bound to see significant multi-morbidity in
the years to come25.

CONCLUSION

Frailty incident to increasing age is associated with
higher levels of inflammatory markers. After reviewing
the pertinent literature, CRP and IL-6 can be strongly
associated with the development of Frailty in the elderly.
The elevated levels of CRP and IL-6 were consistent
both in community and hospital settings and across
geographical regions. However, the effects of other
immune markers cannot be ignored. TNF-alpha and
IL-8 have also shown to be associated with increased
Frailty, besides Fibrinogen. Majority of the studies
showed a generalized increase in the inflammatory
Biomarkers favoring the concept of inflammaging.

In conclusion, the pathogenesis of Frailty is poorly
understood; however, this review examines the
evolutionary concepts and current evidence to a
growing link between inflammation and Frailty. Chronic
immune dysregulation or imbalance associated with
inflammation is a better putative justification for the
biologic basis of Frailty and functional decline rather
than the chronological age of the individual. How this
inflammaging can be reversed by modulating the
inflammatory cytokine milieu is a matter of further
research.

REFERENCES

1 Morley JE, Vellas B, van Kan GA, et al — Frailty consensus:
A call to action. J Am Med Dir Assoc 2013; 14: 392e397

2 Dent E, Kowal P, Hoogendijk EO — Frailty measurement in
research and clinical practice: A review. Eur J Intern Med
2016; 31: 3e10.

3 Rockwood K, Mitnitski A— Frailty in relation to the accumulation
of deficits. J Gerontol A BiolSci Med Sci 2007; 62(7): 722-7.

4 Lang PO, Michel JP, Zekry D — Frailty syndrome: a transitional
state in a dynamic pro- cess. Gerontology 2009; 55(5): 539-
49.

5 Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C,
Gottdiener J, et al — Frailty in older adults: evidence for a
phenotype. J Gerontol A BiolSci Med Sci 2001; 56(3): M146–
56.

6 Mitnitski AB, Mogilner AJ, Rockwood K — Accumulation of
deficits as a proxy measure of aging. Scientific World Journal
2001; 1: 323-36.

7 Marcos-Pérez D, Sánchez-Flores M, Maseda A, Lorenzo-
López L,  Millán-Calenti JC, Gostner JM, et al — Frailty in Older

63



Vol 120, No 8, August 2022 Journal of the Indian Medical Association

Adults Is Associated With Plasma  Concentrations of
Inflammatory Mediators but Not With  Lymphocyte
Subpopulations. Front Immunol 2018; 9: 1056.

8 Gale CR, Baylis D, Cooper C, Sayer AA — Inflammatory
markers and incident frailty in men and women: the English
Longitudinal Study of Aging. Age (Dordr) 2013; 35(6): 2493-
501.

9 Baylis D, Bartlett DB, Syddall HE — Immune-endocrine
biomarkers as predictors of frailty and mortality: a 10-year
longitudinal study in community-dwelling older people. Age
(Dordr) 2013; 35(3): 963-71.

10 Lai HY, Chang HT, Lee YL, Hwang SJ — Association between
inflammatory markers and frailty in institutionalized older men.
Maturitas 2014; 79(3): 329-33.

11 Zhu Y, Liu Z, Wang Y, Wang Z, Shi J, Xie X, et al— C reactive
protein, frailty and overnight hospital admission in elderly
individuals: A population-based study. Arch Gerontol Geriatr
2016; 64: 1-5.

12 Lu Y, Tan CT, Nyunt MS, Mok EW, Camous X, Kared H, et al —
Inflammatory and immune markers associated with physical
frailty syndrome: findings from Singapore longitudinal aging
studies. Oncotarget 2016; 7(20): 28783-95.

13 Hsu B, Hirani V, Cumming RG, Naganathan V, Blyth FM, Wright
FC,  et al — Cross Sectional and Longitudinal Relationships
Between Inflammatory Biomarkers and Frailty in Community-
dwelling Older Men: The  Concord Health and Aging in Men
Project. J Gerontol A BiolSci Med Sci 2019; 74(6): 835-841.

14 Langmann GA, Perera S, Ferchak MA, Nace DA, Resnick
NM, Greenspan SL — Inflammatory Markers and Frailty in
Long-Term Care Residents. J Am Geriatr Soc 2017; 65(8):
1777-83.

15 Semmarath W, Seesen M, Yodkeeree S, Sapbamrer R, Ayood
P,  Malasao R, et al — The Association between Frailty
Indicators and Blood-Based Biomarkers in Early-Old Community
Dwellers of Thailand. Int J Environ Res Public Health  2019;
16(18): 3457.

16 Marzetti E, Picca A, Marini F, Biancolillo A, Coelho-Junior HJ,
Gervasoni J, et al — Inflammatory signatures in older persons
with physical  frailty and sarcopenia: The frailty "cytokinome"
at its core. Exp Gerontol 2019; 122: 129-38.

17 Palmer J, Pandit V, Zeeshan M, Kulvatunyou N, Hamidi M,
Hanna K,  et al — The acute inflammatory response after
trauma is heightened by frailty: A prospective evaluation of
inflammatory and endocrine system alterations in frailty. J
Trauma Acute Care Surg 2019; 87(1): 54-60.

18 Leng SX, Xue QL, Tian J, Huang Y, Yeh SH, Leng SX, et al —
Associations of neutrophil and monocyte counts with frailty
in community-dwelling disabled older women: results from
the Women’s Health and Aging Studies I. Exp Gerontol 2009;
44(8): 511-6.

19 Kolb-Bachofen V — A review on the biological properties of
C-reactive protein. Immunobiology 1991; 183(1-2): 133-45.

20 Kenny RA, Saunders AP, Coll A, Harrington MG, Caspi D,
Hodkinson HM, et al — A comparison of the erythrocyte
sedimentation rate and serum C-reactive protein concentration
in elderly patients. Age Ageing 1985; 14(1): 15-20.

21 Ticinesi A, Lauretani F, Nouvenne A, Porro E, Fanelli G, Maggio
M, et al — C-reactive protein (CRP) measurement in geriatric
patients hospitalized for acute infection. Eur J Intern Med
2017; 37: 7-12.

22 Ma L, Sha G, Zhang Y, Li Y — Elevated serum IL-6 and
adiponectin levels are associated with frailty and physical
function in Chinese older adults. ClinInterv Aging 2018; 13:
2013-20.

23 Gligorijevic N, ZámorováKri•áková M, Penezic A, Katrlík J,
Nedic O — Structural and functional changes of fibrinogen
due to aging. Int J BiolMacromol 2018; 108: 1028-34.

24 Basu SK, Pal J — Biology of aging. J Indian Med Assoc 2018;
116 (5): 7.

25 Maji J — Geriatrics-A New Horizon in the Medical Sciences.
J Indian Med Assoc 2019; 117(2): 7-8.

64

Submit Article in JIMA - Online

See website : https: // onlinejima.com

Any queries : (033) 2237-8092, +919477493027; +919477493033


