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While the potential ofimmunological biomarkers as an alternative to aid in the diagnosis, treatment,
and monitoring of sarcopenia has been explored, there are still few studies evaluating their diagnostic
accuracy. Specific biomarkers and diagnostic cutoff points remain unknown. Therefore, the objective
of the present study was to verify the association between sarcopenia and a panel of inflammatory
biomarkers and to investigate the diagnostic accuracy to propose cutoff points for this assessment.
Accordance with EWGSOP2 guidelines, 71 community-dwelling older women participated in the
study and were assessed for sarcopenia diagnosis. Dual-energy X-ray Absorptiometry (DXA), a Jamar
dynamometer, and the Short Physical Performance Battery were used for diagnosis and classification
of sarcopenia. A panel of biomarkers, including adiponectin, BDNF, IFN, IL-2, -4, -5, -6, -8, -10,

leptin, resistin, TNF-«, and their soluble type 1 and 2 receptors, was measured using ELISA and flow
cytometry. The associations between sarcopenia and a panel of biomarkers were verified by logistic
regression analysis, and the cutoff points were determined using the ROC curve and Youden index.
The sTNFr-2 was significantly associated with sarcopenia, showed good diagnostic accuracy and the
optimal discriminatory cutoff point (AUC=0.75) found was 2280 pg/ml in community-dwelling older
women. These results provide valuable insights for the diagnosis, monitoring and understanding of the
pathophysiology of sarcopenia in community-dwelling older women.
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Sarcopenia is a progressive, generalized, age-related muscle disease characterized by declines in muscle
strength, lean muscle mass, and physical functional performance in older adults. This condition can lead to a
loss of functional independence, increased disability, higher rates of hospitalization, and elevated mortalityl’z.
The European Working Group on Sarcopenia in Older People (EWGSOP2) has issued recommendations for
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screening and diagnosis of sarcopenia and its stages®. These guidelines include a diagnostic algorithm that
involves evaluating muscle strength, muscle mass and functional physical performance in older individuals®.
Muscle weakness is proposed as the primary indicator for this condition®. For diagnosis, reductions in muscle
quantity and/or quality must be confirmed®. The severity of sarcopenia is then defined by the presence of muscle
weakness, low muscle quantity/quality, and poor functional performance as assessed by Gait Speed (GS), Short
Physical Performance Battery (SPPB), or Timed Up and Go test (TUG)>.

Sayer & Cruz-Jentoft (2022) highlighted that many healthcare professionals do not consistently use established
criteria for sarcopenia screening and diagnosis, often lacking awareness of the most recommended diagnostic
tools and instruments?. Additionally, access to essential tools, such as dynamometers for measuring muscle
strength or techniques like Dual-energy X-ray Absorptiometry (DXA) for assessing muscle mass, is limited in
many clinical settings’>~. Given these limitations, the development of alternative strategies, including the use of
biomarkers to assess sarcopenia, has been strongly recommended’~".

Inflammation and neuroinflammation are recognized is a key component of pathophysiological of sarcopenia
in older®!%. Chronic low-grade inflammation, often referred to as inflammaging, progresses with age and is
characterized by elevated levels of pro-inflammatory cytokines in the bloodstream, which are associated with
muscle catabolism and adverse health outcomes®. In this context, recent literature reviews have compiled
evidence on potential biomarkers that may characterize inflammation in older individuals, aiding clinicians and
researchers in detecting sarcopenia®®3-11,

Several inflammatory mediators have been studied and reported to be associated with sarcopenia and its
stages in older adults, such as adiponectin, leptin, brain-derived neurotrophic factor (BDNF), interleukins
6, 8 and 10, tumoral necrosis factor (TNF) and its soluble receptors (sTNFr) types 1 and 2,'>°¥°. Although
associations between inflammatory mediators and sarcopenia have been reported, there are several gaps in
literature regarding their diagnosis using blood biomarker analysis®*!®!4-21, Considering the multifactorial
nature of sarcopenia and the numerous pathways involved in its development, no single biomarker or cutoff
value has been identified for diagnosis via biomarker analysis'®!1:?0. Furthermore, exploratory research has been
encouraged to investigate the potential of biomarker panels, which may allow for the examination of alternative
inflammatory pathways involved in the etiology of sarcopenia®!0:11:20:22.23,

Accordingly, the present study aimed to evaluate the association between sarcopenia and plasma
concentrations of adiponectin, BDNF, IFN, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, leptin, resistin, TNF, sTNFr-1
and 2. Additionally, it sought to verify the diagnostic accuracy of these markers for sarcopenia screening in
community-dwelling older women. The study also aimed to contribute to improved screening strategies, clinical
diagnosis of sarcopenia, and understanding of its underlying pathophysiology.

Methods

Sample

The sample name, address and telephone, was obtained through registrations in all primary health care units in
Diamantina, MG, Brazil. A survey of the number of possibly eligible older women was carried out and all were
visited in their homes. After checking the eligibility criteria, the informed consent was obtained from all subjects
and they were invited to participate in the evaluation procedures in the laboratories of the integrated center for
research and postgraduate studies in health (CIPQ) at Federal University of Jequitinhonha e Mucuri Valleys
(UEVIM). The study was conducted in accordance with the guidelines of the Declaration of Helsinki and was
approved by the Institutional Research and Ethics Committee of UFVJM (protocol code 1,461,306 on March
22, 2016). This manuscript was prepared according to the recommendations of the Standards for Reporting
Diagnostic accuracy studies (STARD)**?> and the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE).

Procedures

The evaluations took place from June 2016 to June 2017 and occurred in 3 stages on 3 different days. The first
involves a home visit to sign the consent form, provide guidance on upcoming procedures, and check the eligibility
criteria. Inclusion criteria were women aged 65 years or older, functionally independent in the community and
able to complete the study assessments. The exclusion criteria were: older women who presented cognitive
dysfunction assessed by the Mini Mental State Examination (MMSE); those with neurological sequelae; those
who were hospitalized less than 3 months ago; who had fractures in the lower or upper limbs less than 6 months
ago; who presented acute musculoskeletal disorders that interfered with the proposed physical assessments;
patients with acute respiratory or cardiovascular diseases; who presented inflammatory disease in the acute
phase; active neoplasia in the last 5 years; in palliative care; who used anti-inflammatory medications or those
that act on the immune system; and those with significant visual or hearing deficits that made it impossible to
carry out the proposed procedures.

Assessment of sarcopenia

On the second day, the participants were taken in the morning (8 a.m.) to the UFVJM laboratories where
they were initially evaluated regarding weight (kg) and height (m) using a weighing-machine (Welmy) with
an attached stadiometer. Subsequently, they underwent a body composition examination using Dual X-Ray
Absorptiometry (Lunar Radiation Corporation, Madison, Wisconsin, EUA, model DPX) for assessment
of Sarcopenia®. Afterwards, they had a standardized snack for all participants, and after 15 min they began
strength and physical function tests. Muscle strength was assessed using a Jamar dynamometer, and physical
performance was assessed using the Short Physical Performance Battery (SPPB). The Classification followed the
recommendations of EWGSOP2, using cutoff points of 20kgf to evaluate low muscle strength®?°, Skeletal Muscle
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Mass Index (SMI) <5.5 kg/m? and physical performance SPPB < 8 points®. Thus, the sample was divided into 4
groups: No Sarcopenia, Probable Sarcopenia, Sarcopenia and Severe Sarcopenia.

Biomarker panel

On the third day, 24 h after body composition and physical function assessments, the participants were taken
to the laboratory for blood collection. Blood was collected at 8 a.m., (10 ml from the antecubital fossa of the
upper limb with disposable material) after the participants fasted from food, liquid, and medication for 10 h.
Samples were collected in vacutainer bottles with heparin in a sterile environment. Immediately after this
procedure, the samples were centrifuged at 3000 rpm in a centrifuge for 10 min. Plasma samples were extracted
and kept at — 80 °C for 6 months before being analyzed. Plasma concentrations of IL-2, IL-4, IL-5, IL-10, TNF-q,
adiponectin, leptin, resistin, BDNE sTNFr-1 and sTNFr-2 were analyzed by the enzyme-linked immunosorbent
assay (ELISA) technique (Duo- Sep, R&D Systems, Minneapolis, USA). Plasma levels of IL-6, IL-8, and IFN-y
were measured using cytometric bead arrays kit (BD Bioscience, San Jose, CA) according to the manufacturer’s
protocol. Samples were acquired on a FACSCanto flow cytometer (BD Bioscience) and analyzed using the FCAP
array v1.0.1 software (Soft Flow)?.

Statistical analysis

Openepi software (www.openepi.com) was used to determine the sample size, considering a prevalence of
sarcopenia of 16%28, an effect size 0f 0.80, a significance level of 5% and a confidence interval of 80%, a sample size
of 71 was achieved. More details about the sample calculation have already been published elsewhere®. For the
statistical analyzes of this work, the Statistical Package for the Social Sciences (SPSS Statistics, version 22.0, IBM,
Armonk, NY, USA) and Med-Calc Statistical (Med-Calc Software, version 13.1, Ostend, Belgium) software were
used. The Kolmogorov-Smirnov test was used to verify data normality. In the present work, logistic regression
analysis was conducted to verify the association between the biomarker panel and Sarcopenia. Receiver
operating characteristic (ROC) curves were checked to test the sensitivity and specificity of the biomarker panel
in identifying sarcopenia. The area under the ROC curve (AUC) and the 95% confidence interval (CI) were
calculated for all tests and the optimal cut-off points were determined by the Youden Index®’. An AUC greater
than 0.7 was considered acceptable, while an area greater than 0.8 was considered excellent for the proposed
cutoff points®!. The level of statistical significance adopted was 5%.

Results
Seventy-one older women completed all assessment procedures and participated in the present study. The
diagnosis of probable sarcopenia was 23.9%, confirmed sarcopenia was 19.7%, and severe sarcopenia was 11.3%
of the sample. The baseline characteristics of sample and the distribution of the biomarker panel among the
groups of older women without sarcopenia, with probable, confirmed and severe sarcopenia have been previously
published!*?. In the logistic regression analysis, probable and confirmed sarcopenia were significantly associated
with sTNFr-2 concentrations, and no biomarker was significantly associated with severe sarcopenia (Table 1).

The associations between sTNFr-2 and confirmed sarcopenia remained significant after the model was
adjusted for participants” age, % of fat and BMI. Figure 1 graphically presents the area under the curve (AUC)
with its respective value along with the asymptotic 95% confidence interval.

To assess the discriminatory power for identifying older individuals with sarcopenia, we compared the
diagnostic outcomes when the sample was classified using the EWGSOP2 algorithm against detection based on
plasma sTNFr-2 concentrations. The methods were concordant in 58% of cases, correctly ruling out sarcopenia,

Sarcopenia (OR—95% CI)

Biomarkers | Sarcopenia probable | p Sarcopenia P Sarcopenia severe | p
Adiponectin | 1.00 (1.00-1.00) 0.21 1.00 (1.00-1.00) 0.33 1.00 (1.00-1.00) 0.89
BDNF 1.00 (0.99-1.00) 0.13 1.001 (1.00-1.002) 0.003 | 1.001 (1.000-1.002) | 0.004
IFN-y 0.82 (0.46-1.46) 0.51 1.39 (0.63-3.07) 0.40 0.21 (0.01-4.34) 0.31
IL-2 0.56 (0.15-2.13) 0.40 1.36 (0.35-5.30) 0.65 0.71 (0.08-6.01) 0.76
IL-4 0.78 (0.15-3.91) 0.76 | 2.05(0.12-32.4) 0.61 |0.93(0.57-1.53) 0.79
IL-5 0.93 (0.62-1.39) 0.93 1.17 (0.79-1.73) 0.42 1.01 (0.56-1.82) 0.96
IL-6 0.88 (0.77-1.005) 0.06 1.07 (0.95-1.21) 0.21 0.97 (0.81-1.17) 0.80
IL-8 0.92 (0.84-1.01) 0.07 | 1.06 (0.99-1.14) 0.07 | 1.01(0.94-1.08) 0.69
IL-10 0.94 (0.78-1.13) 0.54 1.12 (0.89-1.41) 0.30 0.07 (0.002-3.33) 0.18
Leptin 1.002 (1.000-1.004) 0.09 1.00 (0.99-1.002) 0.87 0.99 (0.99-1.002) 0.54
Resistin 1.00 (0.99-1.001) 0.92 1.001 (0.99-1.002) | 0.32 1.00 (0.99-1.002) 0.74
sTNFr-1 1.00 (1.00-1.00) 0.01 1.00 (1.00-1.00) 0.007 | 1.00 (1.00-1.00) 0.05
STNFr-2 0.99 (0.996-0.999) 0.003* | 1.002 (1.001-1.004) | 0.002* | 1.01 (1.00-1.03) 0.08
TNEF-a 0.73 (0.17-3.01) 0.66 1.42 (0.41-4.83) 0.57 0.65 (0.01-41.7) 0.84

Table 1. Association between Sarcopenia stages and the inflammatory biomarkers (n=71). BNDF brain-
derived neurotrophic factor; IL interleukin; IFN interferon gamma; TNF tumoral necrosis factor; sTNFr
soluble TNF receptor types 1 and 2. *= p < 0.05.
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Fig. 1. Area under the ROC curve of the diagnostic accuracy of sSTNFr-2 in discriminating sarcopenia in
community-dwelling older women (n=71).

[STNFr-2]

No sarcopenia | Sarcopenia | Total
EWGSOP2
No Sarcopenia | 41 8 49
Sarcopenia 9 13 22
Total 50 21 71

Table 2. Cross-tabulation between the diagnosis of sarcopenia using plasma sTNFr-2 concentrations and
using EWGSOP2 recommendations, in community-dwelling older women (n=71). EWGSOP European
Working Group Studies Sarcopenia in Older People; sSTNFr-2 soluble receptors of TNF type2

Diagnostic accuracy
Cutoff point | Sensibility (IC-95%) | Specificity (IC-95%) | PPV (IC-95%) | NPV (IC-95%)
sSTNFr-2 | 2280 pg/ml | 59% (36-79) 84% (70-93) 62% (44-77) 82% (73-88)

Table 3. Sensitivity, specificity, PPV and NPV of inflammatory biomarkers in the detection of Sarcopenia in
community-dwelling older women (n=71). AUC area under the curve; BDNF brain-derived neurotrophic
factor; IL interleukin; sTNFr-2 soluble type 2 TNF receptors; PPV positive predictive value; NPV negative
predictive value.

and in 18% of cases, correctly identifying its presence. In this comparison, we observed that the sSTNFr-2-
based diagnosis yielded 11% of false positives and 12% of false negatives (Table 2). Nevertheless, the measures
demonstrated significant agreement (kappa=0.43; p<0.001).

Table 3 summarizes the values of the positive predictive value (PPV) and negative predictive value (NPV),
sensitivity and specificity regarding the ability of sSTNFr-2 to discriminate sarcopenia. No biomarker presented
an acceptable area under the curve (AUC>0.7) in detecting probable Sarcopenia and severe sarcopenia. In
detecting confirmed Sarcopenia, STNFr-2 demonstrated good specificity (84%), with an 82% probability of
sarcopenia not being present when the values obtained are lower than 2280 pg/ml (Table 3).

The Youden index to present the ideal cutoff point for biomarkers, which presented acceptable (AUC>0.7)
and significant (p <0.05) AUC for detecting confirmed sarcopenia in community dwelling older woman (Fig. 1).

Discussion
This study demonstrated a significant association between sarcopenia and plasma sTNFr-2 concentrations,
highlighting its potential utility as a biomarker for the detection of sarcopenia in community-dwelling older
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women. The analysis revealed a specificity of 84%, indicating that sSTNFr-2 could serve as a promising tool
for sarcopenia screening. Moreover, plasma sTNFr-2 concentrations exceeding 2280 pg/ml were identified as
a discriminatory cutoff threshold, which could be integrated into diagnostic strategies for sarcopenia in this
population.

Sarcopenia is recognized and widely studied, but there is still extensive discussion in the literature regarding
its clinical diagnosis, and the most accurate tools for its detection®32-35, For example, a study demonstrated that
the main instruments recommended by EWGSOP?2 for assessing the stages of sarcopenia do not present good
agreement with each other®>*”. And studies that compare the prevalence of sarcopenia using the same assessment
instruments, but different algorithms find substantially different results, under-diagnosis or misdiagnosis of the
disease may occur®®*% In this context, practical and accurate alternatives for diagnosing sarcopenia have been
a topic of significant relevance in the literature®1%2,

Although the main global consensuses on sarcopenia (AWGS, EWGSOP, FNIH, IWGS) encourage studies
with biomarkers**°*2, and advances in research point to possible diagnostic markers*¥241-43, diagnostic
accuracy studies with inflammatory mediators are relatively recent and scarce, and a marker with an established
cutoff point has not been found either®!%112244 Therefore, our results may be useful for clinicians, researchers
and for updating new recommendations on the screening and diagnosis of sarcopenia in older women.

No studies were identified that established a reference range for sTNFr-2 concentrations, especially in
community-dwelling older women, making it challenging to compare our findings with previous literature.
Nevertheless, in the present investigation, among a panel of inflammatory biomarkers, only sTNFr-2 levels
showed a significant association with sarcopenia. This finding allows us to hypothesize that sTNFr-2 can
contributes to muscle damage, characterized by reductions in muscle strength and mass, potentially through
mechanisms that remain poorly understood®#10:45,

It is well-established that TNF-a is an inflammatory cytokine that plays a central role in modulating
inflammation and signaling pathways involved in macrophage survival and apoptosis, both of which are critical
to the immune response and inflammatory processes?®. Beyond its immunological functions, TNF-a interferes
with muscle regeneration by suppressing the differentiation and proliferation of satellite cells, which are essential
for muscle repair and growth*>*’. Additionally, TNF-a can activate the ubiquitin-proteasome system, a primary
pathway responsible for muscle proteins degradation, contributing to muscle mass loss®**>*8. Wang et al.*’,
demonstrated that myeloid cell-derived TNF-a contributes to muscle aging by affecting sarcopenia and muscle
cell fusion with aged muscle fibers. Their findings further suggest that muscle-intrinsic TNF-a and immune
cell-secreted TNF-a act synergistically to exacerbate muscle aging?®. Similarly, TNF-a and its receptors, are
associated with the activation of pathways that promote muscle protein degradation®*’, suggesting a role in age-
related inflammation and sarcopenia, although the specific mechanisms remain unknown.

TNF-a exerts its effects through its receptors, sSTNFr-1 and sTNFr-2, which mediate a range of inflammatory
responses, and have been reported to play distinct yet interrelated roles®. Studies show a complex and
paradoxical interplay between the action of sSTNFr-1 and 2 in inflammatory contexts>’. Evidence indicates that
both receptors exhibit pro-inflammatory characteristics and are found in higher concentrations in individuals
with chronic inflammatory conditions, such as fibromyalgia®!, osteoarthritis®?, chronic obstructive pulmonary
disease?’, and in older people with chronic low back pain*®. While sTNFr-1 appears to mediate inflammatory
cross talk between muscle and adipose tissue potentially contributing to decrease intrinsic capacity and
sarcopenia®, previous studies have suggested that sSTNFr-2 have as a biomarker related to the diagnosis and its
severity in older women'!*1>,

The sTNFr-2 is a soluble form of tumor necrosis factor (TNF) receptor type 2, capable of binding to and
modulating circulating TNF*. This receptor regulates TNF activity by preventing its interaction with cellular
receptors, thereby influencing the inflammatory response*>6. Elevated levels of sTNFr-2 may signal prolonged
TNF-a activity, which impairs the body’s ability to regenerate muscle tissue effectively*>~"-2. However, its role
in inflammation remains controversial, as evidence in the literature presents conflicting perspectives®*>. Some
studies suggest that sTNFr-2 functions as an anti-inflammatory mediator, playing a role in oligodendrocyte
survival and axonal myelination. Furthermore, recent findings highlight its therapeutic potential in managing
Multiple Sclerosis and cancer®*-%8, In preclinical studies, this marker has demonstrated dose-dependent effects
on skeletal muscle atrophy, modulation of neuropathic pain, and potential as an anti-tumor therapy*®4757:%,

On the other hand, there is growing evidence suggesting that STNFr-2 can play a dichotomous role in the
control or exacerbation of inflammation®*%’. Recent studies clarify that this biomarker is involved in various
conditions, including diabetic neuropathy, lupus, and canceri®*%*¢! In many of these contexts, sSTNFr-2
contributes to an inflammatory environment that favors the worsening of all these conditions*®*6263, Studies
investigating its therapeutic potential demonstrate that suppressing sTNFr-2 expression pathways positively
impacts the regulation of the inflammatory environment, potentially hindering metastasis progression in
cancer®®, Another study highlights the complex and contrasting roles of soluble TNF receptors 1 and 2,
particularly in natural killer (NK) cells within inflammatory responses®. Results revealed a dichotomous effect
of STNFr-1 and sTNFr-2 on NK cells, with sSTNFr-1 inducing NK cell death and reduced their accumulation,
while sSTNFr-2 promoted their accumulation®*®. Therefore, it is reasonable to suggest that relationship between
sarcopenia and sTNFr-2 is mediated by its role in modulating inflammation, contributing to an inflammatory
environment that favors inflammatory exacerbation and muscle catabolism, and may serve as an indicator of the
chronic inflammatory response associated with muscle wasting and weakness in sarcopenia!®64-71,

Although our results refer to the diagnostic components of sarcopenia, they may be useful in the diagnosis
of other conditions in which loss of lean muscle mass, muscle strength and functional physical performance are
involved®!%2, In clinical practice the cutoff point of 2280 pg/ml for plasmatic concentrations of sSTNFr-2 can be
used in screening and diagnostic strategies for sarcopenia, and for monitoring the inflammatory status of older
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women. Contributing to early diagnosis strategies and integrated care for the older people’?, considering that
inflammation can contribute to the development of a series of chronic conditions, especially in the aging.

Our study has some limitations that need to be considered. These results should be considered preliminary
due to the cross-sectional design that prevents inferring a cause-and-effect relationship between the variables.
The sample was small, so it is important to replicate these analyses in nationally representative samples, and
represented only by females can also be considered a limitation, but also a strength, as the differences in the
inflammatory profile during aging between females and males are different!>?1473, Another point that
can be highlighted is the fact that the population is community-dwelling older women, and these results
cannot be extended to older people in other environments, such as clinics and outpatient clinics, hospital
or institutionalized, or older with secondary sarcopenia. Finally, further research is necessary to address the
existing gap in understanding the role of sSTNFr-2 and inflammatory pathways activated in sarcopenia and/
or their interactions with other inflammatory mediators, which collectively contribute to the exacerbation of
inflammation in skeletal muscle.

Conclusion

Soluble TNF type 2 receptors showed good diagnostic accuracy and specificity in screening for sarcopenia in
community-dwelling older women. These insights may be useful in clinical sarcopenia screening strategies,
especially when gold standard instruments are not available.

Data availability
The datasets generated and analyzed during the current study are not publicly available to protect the privacy of
participants but are available from the corresponding author on reasonable request.
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