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To investigate the relationship between respiratory sarcopenia with physical tests and a set of 
inflammatory biomarkers, seventy-one older women from the community with age 75 ± 7 years 
and BMI 26 ± 4 kg/m² were evaluated for appendicular lean mass using Dual X-ray Absorptiometry, 
respiratory muscle strength using an analog manuvacuometer, physical tests using handgrip strength, 
timed up and go and sit to stand in chair tests, and a panel of inflammatory biomarkers was measured, 
containing Adiponectin, BNDF, IFN, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, Leptin, Resistin, TNF and their 
soluble receptors sTNFr-1 and sTNFr-2. The analyzes suggest that older women with respiratory 
sarcopenia also had significantly low physical function and higher concentrations of sTNFr-2 (> 2241pg/
ml), additionally respiratory muscle strength was inversely associated with sTNFr-2 concentrations 
(MIP: β = -0.48; R² = 0.24; p < 0.001; MEP: β = -0.35; R² = 0.12; p = 0.003). These results contribute to the 
discussion about the pathophysiology and to the strategies for diagnosing and monitoring respiratory 
sarcopenia in community-dwelling older women.
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Respiratory Sarcopenia (RS) is defined as the coexistence of respiratory muscle weakness and decreased 
respiratory muscle mass1. In addition to the known physical consequences of sarcopenia RS is accompanied 
by respiratory impairment, therefore more reduced physical capacity, and greater functional impairment2, also 
predictor of all-cause of mortality in community-dwelling older adults3.

The Japanese Society of Respiratory Care and Rehabilitation, with the Japanese Association of Sarcopenia 
and Frailty, Japanese Society of Respiratory Therapy, and Japanese Association of Rehabilitation Nutrition, 
published together the guidelines with recommendations for the assessment and classification of RS in the older1. 
According to the guidelines, the RS has stages, the possible RS is considered the first stage and diagnosed when 
only respiratory muscle strength is reduced without changes in muscle mass, while the probable RS, the second 
stage, occurs when respiratory muscle weakness is observed concomitantly with a decrease in muscle mass1,2.
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To assess respiratory muscle mass, the gold standard is ultrasound or computed tomography are required, 
when these are not available, Dual X-ray Absorptiometry (DXA) can be used as an alternative. In this case, low 
respiratory muscle strength and low appendicular lean mass (ALM) are considered for the diagnosis of possible 
and probable RS1,2.

Regarding classic sarcopenia, there are already better-established diagnostic criteria4, with specific 
recommendations and ongoing studies on diagnostic biomarkers and related to pathophysiology5,6. However, 
for RS, the studies are relatively recent, specific recommendations are scarce, and screening strategies remain 
unexplored. Inflammatory biomarkers have been researched as a screening and diagnostic strategy for a variety 
of disorders, and they can point to potential pathophysiological pathways attached with the clinical result under 
investigation7.

There are few clinical studies and the results are initial, but there is evidence that older individuals with 
RS have worse muscular aspects when compared to whole-body sarcopenia. However, studies investigating 
inflammatory aspects remain unexplored. Inflammatory mediators related to sarcopenia have already been 
proposed, particularly when they are related to muscle mass and physical function reduction5,6,8–11. Biomarkers 
of frailty12, dementia13 and osteosarcopenia14,15 have also been recently investigated focusing on preventive, 
diagnostic and therapeutic actions. Nonetheless, research on sarcopenia that coexists with respiratory muscle 
weakness, i.e., respiratory sarcopenia, is still relatively new3. Therefore, research that investigate inflammatory 
pathways and indication to a possible early detection strategy is necessary, especially in respiratory sarcopenia 
where preventive interventions are unknow16.

Thus, this study aimed to investigate a potential inflammatory biomarker, and physical tests associated with 
the RS in community-dwelling older women. Additionally, to verify the diagnostic accuracy of these strategies 
in detecting RS. Contributing to screening measures and early detection of RS, as well as identifying potential 
pathophysiological mechanisms implicated.

Methods
This is a cross-sectional secondary and complementary analysis of the previously published study on sarcopenia 
and biomarkers5, was approved by the Institutional Ethics and Research Committee of Federal University of 
Jequitinhonha and Mucuri Valleys (nº protocol 1.461.306). The present study was edited following the guidelines 
of the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)17 and conducted 
according to the guidelines of the Declaration of Helsinki.

Sample
Participants were selected from the registries of all basic health units (BHU) in Diamantina, Minas Gerais, 
Brazil. Telephone calls, invites, and announcements were used to recruit participants at Diamantina’s basic 
health facilities, public spaces, and geriatric clinics. The inclusion criteria for participation were as follows: 
female subjects, over 65 years of age, functionally independent in the community and capable of performing 
evaluation procedures.

Exclusion criteria were individuals who demonstrated cognitive impairment, as measured by scores on the 
Mini-Mental State Examination (MMSE)18, with neurological sequelae, recent hospitalization (within the past 
three months), fractures in the upper or lower limbs (within the past six months), acute musculoskeletal disorders 
that could interfere with the proposed physical assessments, acute respiratory or cardiovascular diseases that 
would prevent the performance of respiratory measurements maneuvers, acute-phase inflammatory diseases, 
active neoplasms within the last five years, individuals under palliative care, and those using anti-inflammatory 
medications or drugs that affect the immune system.

Procedures
The assessments were conducted at the Laboratório de Fisiologia do Exercício (LAFIEX) and Laboratório de 
Inflamação e Metabolismo (LIM) at UFVJM, between June 2016 and June 2017. The evaluations were completed 
on three days, the first of which the eligibility criteria were met, and informed consent was obtained from all 
participants. On the second day, in the laboratory, the body composition, % of fat, trunk lean mass and ALM was 
assessed using Dual X-ray Absorptiometry (DXA)1,2,4.

Muscle strength was assessed using the handgrip strength test, in which the individual remains seated with 
support and positioned with the elbow flexed at 90 degrees and the wrist in neutral, applying a maximum 
isometric force on the Jamar dynamometer19,20. Physical performance was assessed using the timed up and go 
(TUG) test, in which the individual must get up from the chair, walk 3 m, go around the obstacle, return and sit 
down, while the time is recorded21. The 5x sit and stand (SGChair) test was also used, in which the individual 
must perform the task of sitting and standing from a chair for 5 repetitions while the time is recorded22.

Respiratory muscle strength was assessed by measuring the maximum inspiratory pressure (MIP) and 
the maximum expiratory pressure (MEP) using a manuvacuometer (model MV-150/300, Ger-Ar Comércio 
e Equipamentos Ltda.®)23. The participants were seated, with their feet flat on the floor, without support for 
the upper limbs, and using a nose clip. MIP was measured from the residual volume and MEP from total lung 
capacity. Acceptable measurements were those without air leaks and that obtained a variation of ≤ 10% of the 
maximum value found after tree measures. Between each measurement, a minimum interval of one minute was 
established for the volunteer to recover20.

Classification of respiratory sarcopenia
Following the classification recommendations of guidelines and cut-off points establishment for our population 
for respiratory muscle strength20, the sample was classified into 3 groups:1 – without RS; 2 – possible RS = low 
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respiratory muscle strength: MEP < 77.5cmH2O; and 3 – probable RS = low respiratory muscle strength plus low 
ALM < 15 kg1,2.

Assessment of inflammatory biomarkers
On the third day, blood samples were collected at 8 a.m. from the antecubital fossa of the upper limb using 
disposable materials. Participants were required to fast for 10 h, refraining from consuming food, beverages, and 
medications during this period. The collection was performed using vacutainer bottles containing heparin in a 
sterile environment. Immediately after collection, the blood samples were centrifuged at 3000 rpm for 10 min. 
Following centrifugation, plasma samples were carefully extracted and stored at -80  °C for a duration of six 
months before analyzed.

The levels of adiponectin, brain derived neurotrophic factor (BDNF), interleukin (IL) IL-2, IL-4, IL-5, IL-
10, tumoral necrosis factor (TNF), leptin, resistin, and soluble receptors of TNF (sTNFr)-1 and sTNFr-2 were 
analyzed using the enzyme-linked immunosorbent technique (ELISA) with the Duo-Set kit from R&D Systems, 
Minneapolis, USA. The plasma levels of interferon (IFN), IL-6 and IL-8 were measured using a cytometric bead 
array kit from BD Bioscience, San Jose, CA, according to the manufacturer’s protocol. The samples were acquired 
using a FACSCanto flow cytometer from BD Bioscience and analyzed using the FCAP array v1.0.1 software from 
Soft Flow24.

Statistical analyses
Sample size determination was carried out using the Openepi software. The Statistical Package for the Social 
Sciences version 22.0 (SPSS Statistics; IBM, Armonk, NY, USA) and MedCalc Statistical Software (version 13.1, 
Ostend, Belgium) were used to perform statistical analyses. Considering a population of 2522 older women (> 65 
years old) in the municipality of Diamantina, Minas Gerais, as registered in the Brazilian Institute of Geography 
and Statistics (IBGE—ibge.gov.br), and considering a sarcopenia prevalence of 16%25, an effect size of 0.80, a 
significance level of 5%, and a confidence interval of 80%, a sample size of 71 older women were estimated.

Data normality was verified by the Kolmogorov-Smirnov test and continuous variables were expressed 
as the mean and standard deviation (± SD) when parametric distribution, when non-parametric 95%CI. The 
ANOVA or Kruskal-Wallys-test for were used to compare the mean differences of continuous variables among 
subjects without and with possible and probable RS. Spearman correlations analysis was used to investigate the 
relationship between respiratory variables with physical tests and biomarkers.

Binary logistic regression was conducted to verify the association between RS with physical tests and 
biomarkers, with percentage (%) of body fat serving as a model adjustment variable. Supplementary linear 
regression analysis was performed to verify the association between respiratory muscle strength and biomarker 
concentrations. Four assumptions were used in the linear regression analysis: linearity, residual distribution, 
homoscedasticity, and the absence of multicollinearity. Scatter plots were used to assess the behavior of the 
independent variables and residuals, and a histogram was used to look at the distribution of residuals. The 
variance inflation factor (VIF) values below 10.0 were used to define the absence of multicollinearity. Additionally, 
the autocorrelation of the variables was verified by the Durbin–Watson test and the values between 1.5 and 2.5 
showed that there was no autocorrelation in the data. Data behavior analyzes were also carried out through the 
analysis of estimation curves. Receiver operating characteristic (ROC) curves were checked to test the sensitivity 
and specificity of the physical tests and biomarkers in discriminating individuals with respiratory 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. Statistical significance was set at 5%.

Results
A total sample of 411 older women were initially identified based on their registration at the public health 
centers. However, 110 addresses were not located, and 31 individuals were found to be below the age requirement 
of 65 years. Subsequently, 270 older women were interviewed in their homes, but 114 of them did not attend 
the inclusion and exclusion criteria. Therefore, 156 community-dwelling older women remained eligible for the 
evaluation procedures, and 85 did not undergo blood sampling (Fig. 1).

Finally, in 71 community-dwelling older women the main of age was 75 ± 7 years, 24 ± 3 points on the MMSE, 
weight 59 ± 11 kg, height 1.50 ± 0.05 m, BMI 26 ± 4 kg/m², appendicular lean muscle mass of 15 ± 2 kg, trunk 
lean mass 16,7 ± 2 kg, HGS 19 ± 6 kg, SGchair 14,5 ± 4 s, TUG 11,5 ± 4 and respiratory muscle strength: MIP 
72 ± 52 cmH20 and MEP 68 ± 32 cmH20. The possible RS was diagnosed in 16.9%, and probable RS in 57% of 
the participants.

Comparing the groups, it is possible to observe that the group with probable RS had lower weight, height, 
BMI, ALM, LTM, MIP, MEP, HGS, and physical performance, with the differences demonstrated in Table 1.

Regarding the analysis of panel of biomarkers, there was no variation in levels of IFN, IL-2, IL-4, IL-5, IL-10, 
Leptin, Resistin, TNF and sTNFr-1. As RS progresses, participants showed higher concentrations of Adiponectin, 
BDNF, IL-6 and IL-8, but the significant differences were found in plasma concentrations of sTNFr-2 between 
the groups without the condition (1847.4 ± 378.6pg/mL) and with probable RS (2241.2 ± 526.92pg/mL), as 
shown in Fig. 2:

Considering that possible RS is identified from the measurement of respiratory muscle strength, an additional 
exploratory analysis to evaluate the relationship between respiratory variables and HGS, SGChair, TUG and 
plasma concentrations of sTNFr-2 was conducted. Spearman’s correlation analysis showed that there was a 
significant correlation between MIP and HGS (r = 0.55; p<0.001), SGChair (r = -0.59; p<0.001) and TUG test (r 
= -0.51; p<0.001), and between MEP and HGS (r = 0.42; p<0.001), SGChair (r = -0.46; p<0.001) and TUG test 
(r = -0.51; p<0.001). 
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Regarding the biomarkers analyses, there was a significant correlation between MEP (r = -0.421; p <0.001) and 
MIP (r = -0.365; p = 0.002) with the sTNFr-2 concentrations. No other marker showed a significant correlation 
with respiratory muscle strength. So, estimation curve and linear regression analyzes were conducted to verify 
the relationship between the MIP and MEP with sTNFr-2 levels. The inverse association curve was the model 
best adjusted to MEP and MIP with the sTNFr-2 (Figure 3ab).

1 - Without RS (n = 18) 2 - Possible RS (n = 12) 3 - Probable RS (n = 41) p

Age (years) 71.2 [68–73] 76.1 [71–81] 76.3 [73–78] 0.089

Weight (kg) 67.2 (± 8.8) 70.7 (± 5.3) 52.1 (± 7.2) < 0.001bc*

Height (m) 1.51 (± 0.03) 1.54 (± 0.05) 1.48 (± 0.05) 0.002bc*

BMI (kg/m²) 29.5 (± 4.1) 29.7 (± 3.6) 23.6 (± 2.9) < 0.001bc*

ALM (kg) 16.3 (± 2.4) 17.1 (± 0.9) 12.7 (± 1.6) < 0.001bc*

LTM (kg) 18.2 (± 1.7) 18.2 (± 1.4) 15.6 (± 1.7) < 0.001bc*

MIP (cm H2O) 100.6 [73–127] 66.6 [43–89] 61.8 [49–73] 0.011b*

MEP (cm H2O) 105.5 (± 30.8) 50.8 (± 15.3) 48.9 (± 24.2) < 0.001ab*

MMSE (points) 24 [22–25] 25 [23–27] 23 [22–24] 0.436

HGS (kgf) 23 (± 6) 24 (± 5) 16 (± 5) < 0.001bc*

SGChair (sec) 13.1 [11–14] 13.9 [10–17] 15.3 [13–16] 0.026b*

TUG (sec) 9.6 [8.9–10.4] 11.2 [92.-13.3] 12.4 [10.9–13.9] 0.01b*

Biomarkers (pg/mL)

Adiponectin 46,307 [40907–51708] 49,047 [46575–51519] 50,766 [49226–52305] 0.269

BDNF 2204 [1823–2585] 2543 [1870–3216] 2641 [2337–2946] 0.198

IFN 1.52 [1.37–1.67] 1.37 [1.15–1.59] 1.64 [1.01–2.27] 0.121

IL-2 4.15 [3.98–4.32] 4.04 [3.82–4.26] 5.87 [3.59–75.8] 0.742

IL-4 2.02 [1.93–2.12] 1.94 [1.88–1.99] 2.68 [1.39–3.97] 0.160

IL-5 0.75 [0.67–0.83] 0.70 [0.62–0.79] 1.29 [0.80–1.78] 0.171

IL-6 16.06 [14.37–17.74] 17.56 [15.59–19.54] 18.03 [16.54–19.53] 0.217

IL-8 20.7 [18.66–22.89] 22.7 [19.37–26.21] 25.3 [21.83–28.76] 0.139

IL-10 1.68 [1.52–1.84] 1.50 [1.40–1.61] 2.52 [1.11–3.92] 0.169

Leptin 1875 [1795–1954] 1964 [1810–2119] 1797 [1698–1896] 0.234

Resistin 1540 (± 334) 1719 (± 311) 1638 (± 376) 0.401

TNF 1.10 [1.01–1.19] 1.04 [0.98–1.10] 1.49 [0.71–2.26] 0.446

sTNFr-1 3677 [2402–4953] 2416 [853–3978] 4495 [3335–5655] 0.185

Table 1.  Comparison of anthropometric characteristics, body composition, respiratory muscle strength, 
cognitive function and muscle strength of community-dwelling older women without and with possible 
and probable RS. (n = 71).  RS  respiratory sarcopenia, BMI body mass index, ALM appendicular lean mass, 
LTM  lean trunk mass, MIP  maximum inspiratory pressure, MEP maximum expiratory pressure, HGS  hand 
grip strength, SGChair  sit and get up chair test, BDNF brain derived neurotrophic factor, IL  interleukin, 
IFN  interferon, TNF  Tumoral necrosis factor,  sTNFr soluble receptors of TNF.  The Kruskall Wallis test was 
used to comparison groups: a = differences between group 1 – without RS and 2 – possible RS; b = differences 
between group 1- without RS and 3 – probable RS; c = differences between group 2- possible RS and 3- 
probable RS. * = p < 0.05.

 

Fig. 1.  Flowchart of sample recruitment. BHU  basic health unit.
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A proportional inverse relationship was observed between the MEP (Fig. 3a) and MIP (Fig. 3b) with sTNFr-2. 
Thus, a linear model could be applied to explain how MEP (Fig. 3c) and MIP (Fig. 3d) is a function of the inverse 
of the sTNFr-2 concentration. With evidence that MEP is a measure more effective predictor of Sarcopenia than 
MIP20,26, we conducted a linear regression analysis, adjusted by BMI, with MEP acting as dependent variable 
and the biomarker panel as independent variables, the best values found were only sTNFr-2 remaining in the 
model, explaining 21% of the MEP variations [R = 0.46; R² = 0.21; β = -0.46; (95%CI = -0.48 – -0.18) p < 0.001].

 To verify the association between the probable RS with physical test and inflammatory biomarkers, a 
univariate logistic regression analysis was performed, and the results demonstrated a significant association 
between RS and BMI, LTM, HGS, TUG and sTNFr-2 concentrations, as summarized in Table 2:

Applying the Youden index, we find that the appropriate cutoff point for detecting RS, with 70% sensitivity 
and 70% positive predictive power, 10.2 s was the cutoff point for detecting RS using the TUG as an assessment 
instrument. Using plasma levels of sTNFr-2, with 70% specificity and 74% positive predictive value, the cutoff 
point found was 2034 pg/ml. Suggesting that both methods can be applied in screening or diagnostic strategies 
for RS in community-dwelling older women.

Discussion
Our results demonstrated that, as RS progresses, older women exhibit lower weight, height, BMI, muscle mass, 
hand grip strength, respiratory muscle strength, performance on the SGChair, increased time on the TUG 
test, and higher plasma levels of sTNFr-2. RS was found to be significantly associated with BMI, TLM, HGS, 
TUG performance, and sTNFr-2 concentrations. Both TUG performance and sTNFr-2 levels, demonstrated 
acceptable diagnostic accuracy for identifying RS in this sample. No significant differences were observed 
between groups in age and cognitive function, allowing us to speculate that RS may affect community-dwelling 
older women regardless of advanced age or cognitive impairment

Since RS was described, the recommended gold standard for assessing respiratory muscle mass has involved 
the use of technological equipment, which is often high-cost and has limited availability3. Dual-energy X-ray 
absorptiometry (DXA) is an alternative for multicompartmental body composition assessment device that 
provides TLM, expressed in kilograms. Because RS is characterized by the loss of respiratory muscle mass, it 
is reasonable to suggest that the reduction in TLM is associated with this condition. In our results, although 
TLM was found to be associated with RS, it did not demonstrate acceptable diagnostic accuracy for screening 
probable RS. Advances in research are needed to investigate whether TLM can be useful in the diagnosis and 
understanding of RS.

he HGS is a test widely used as a representative measure of global muscular strength27. TUG test21 and 
SGChair4 for evaluated lower limb performance in older people, both in the clinic and in research for the 
screening and diagnosis of sarcopenia in older adults4,20,28. As expected, our analyses demonstrated that older 
women with probable RS also presented lower muscle strength and physical performance, as in whole-body 
sarcopenia20,23,29. Association analyses showed that RS was associated with HGS and performance on the TUG 
test, with the latter demonstrating acceptable accuracy for screening RS when the TUG test duration exceeded 
10.2  s. It is important to highlight that the cutoff point identified in our study differs substantially from the 
recommendations of the European Working Group on Sarcopenia in Older People (EWGSOP2)4, which suggests 
a cutoff point of 20 s on the TUG test for screening or diagnosing whole-body sarcopenia.

The suggested mechanisms for reduced physical performance in RS involve the weakening and loss of 
respiratory muscle mass, which lead to increased fatigue in these muscles and compromised respiratory 
dynamics2,16. These alterations reduce the efficiency of oxygen uptake, distribution, and utilization, directly 
impacting the ability to sustain physical activity30,31. The cumulative effect includes a decline in exercise tolerance 
and a progressive reduction in overall muscle mass, strength, and physical performance30. Furthermore, chronic 
respiratory muscle fatigue may exacerbate systemic inflammation and oxidative stress, which are known 
contributors to RS30. Reduced pulmonary function can also result in insufficient oxygen delivery to peripheral 

Fig. 2.  Plasma concentrations of sTNFr-2 in the stages of respiratory sarcopenia in community-dwelling older 
women. (n = 71). RS  respiratory sarcopenia, sTNFr-2  soluble receptors of TNF type 2. p=0,008*
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tissues, further impairing muscle metabolism and functional capacity16,30,32. These interrelated mechanisms 
underline the multifactorial characteristic of RS and its significant impact on the health and quality of life of 
older adults.

In this panel of biomarkers, the only associated with probable RS was sTNFr-2, and the inverse proportionality 
relationship demonstrates that the sTNFr-2 concentrations increase proportionally to the reduction in 
respiratory muscle strength. Indicating that there may be an inflammatory component in RS, and older women 
with probable RS has a greater inflammatory response characterized by significantly higher concentrations of 
sTNFr-2. The diagnostic accuracy analysis showed that 2034pg/ml may be a value capable of indicating the 
presence of RS.

STNFr-2 is an inflammatory mediator, which also has been associated with chronic and inflammatory 
respiratory conditions such as chronic obstructive pulmonary disease24, and the high blood concentration of 
sTNFr-2 is related to other respiratory conditions such as to greater susceptibility to pneumococcal infection, 
and to fungal infection in cystic fibrosis33,34. In the context of chronic inflammation, the literature shows a 
dichotomous and complex role of sTNFr-235. There is evidence that this cytokine promotes the accumulation 
of natural killer (NK) cells and controls the action of TNF in controlling and exacerbating inflammation, 
compromising the regeneration of muscle tissue35,36. Studies investigating its therapeutic action have shown 
that suppression of sTNFr-2 contributes to an inflammatory environment that hinders the occurrence of cancer 

Fig. 3.  The inverse association curve between respiratory muscle strength and sTNFr-2 concentrations, in 
community-dwelling older women. (n=71).  MEP maximum expiratory pressure,  MIP maximum inspiratory 
pressure, sTNFr-2 oluble receptors of tumoral necrosis factor type 2. Analysis adjusted for BMI.
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metastasis36. Based on these results presented, we can speculate that sTNFr-2 may be an inflammatory mediator 
that is increased in inflammatory chronic conditions, including when occurs with respiratory component24,33,34,37.

As with other studies on RS, the results should be analyzed with caution, as it is still unclear whether RS is a 
consequence of whole-body sarcopenia or if they are distinct conditions. Morisawa et al. (2021) speculate on the 
possibility of RS occurring before full-body sarcopenia32, but there is currently no evidence supporting that RS 
is independent of full-body sarcopenia1. It is established that full-body sarcopenia can cause RS, but whether RS 
can lead to full-body sarcopenia remains hypothetical1. This suggests different outcomes, either sarcopenia and 
RS are distinct and have similar clinical implications, or it is just a reflection or consequence of classic sarcopenia.

It has been speculated that age-related decline in respiratory function precedes a decline in skeletal muscle 
mass30,31. This theory suggests that the decrease in respiratory muscle mass and strength occurs before a 
reduction in exercise tolerance, mainly due to reduced oxygen carrying capacity, skeletal muscle fatigue in the 
extremities, and general muscle weakness30,31. In this line, Umehara et al. 2024, compared older individuals with 
RS sarcopenia with older with sarcopenia without a respiratory component, and found that in the probable RS 
group, the older individuals had lower HGS, lower lean muscle mass index, greater frailty, and poorer muscle 
quality30. Kera et al. (2023) demonstrated that RS was a predictor of all-cause mortality in community-dwelling 
older adults. However, they acknowledged that 5-year mortality rates appeared to be strongly influenced by 
whole-body sarcopenia3. Therefore, even the studies are initial, differences between older individuals with 
sarcopenia and RS have already been reported and new studies are needed to clarify more profound the 
similarities and differences between these conditions.

Based on our findings, we hypothesize that subtle differences may exist in inflammatory aspects, given that 
RS is not characterized by significantly elevated concentrations of the same inflammatory mediators6,38–41. This 
may indicate differences in inflammatory pathological pathways or distinct interactions between inflammatory 
cells8,42,43. Therefore, further studies are required to clarify the gaps regarding the potential differences between 
whole-body sarcopenia and RS, especially in inflammatory terms.

As sTNFr-2 is a cytokine with dichotomous characteristics in the inflammatory environment36, is reasonable 
to suspect that subjects with probable RS have an increased systemic inflammatory response, contributes to 
concomitant losses in respiratory muscle strength and muscle mass. Research advances are needed to clarify the 
mechanisms, specific pathways and role of sTNFr-2 in RS.

Additionally, the results presented should be considered preliminary, and several limitations must be 
acknowledged. The modest sample size, consisting solely of older women from the community, limits the 
generalizability of the findings to men, institutionalized individuals, or hospitalized patients. The research 
design does not permit the establishment of a cause-and-effect relationship. The inclusion of only women may be 
considered both a limitation and a strength, as inflammatory conditions are known to vary by gender, particularly 
with advancing age. Another limitation is the absence of a gold-standard evaluation of respiratory muscle mass, 
as the sample was not assessed using technologically advanced instruments with objective accuracy to measuring 
respiratory mass and confirm the presence of RS, in accordance with current guidelines. New studies with larger 
samples, which explore multimorbidity patterns, including populations with cardiovascular or respiratory 

Respiratory Sarcopenia

AUC (95%CI) p Sensibility (95%CI) Specificity (95%CI) PPV (95%CI) NPV (95%CI) Cutoff point

TUG 0.73 (0.61–0.84) 0.004 70% (54–83) 60% (40–77) 70% (59–79) 60% (46–72) 10.2

sTNFr-2 0.70 (0.55–0.82) 0.01 63% (47–78) 70% (50–85) 74% (61–83) 58% (46–69) 2034.8

Table 3.  Analysis of the diagnostic accuracy of physical tests and inflammatory biomarkers in detection the 
probable respiratory sarcopenia in community-dwelling older women. (n = 71) RS respiratory sarcopenia, AUC  
area under the curve, PPV   positive predictive value, NPV  negative predictive value, TUG timed up and go 
test,sTNFr-2  soluble receptors of TNF type 2.

 

Respiratory Sarcopenia

OR (CI95%) p

Age 1.06 (0.99–1.14) 0.07

BMI 0.60 (0.48–0.76) < 0.001*

LTM 0.36 (0.21–0.59) < 0.001*

HGS 0.76 (0.66–0.87) < 0.001*

SGChair 1.17 (0.96–1.41) 0.10

TUG 1.23 (1.008-1.50) 0.04*

sTNFr-2 1.002 (1.001–1.004) 0.006*

Table 2.  Association between the probable respiratory sarcopenia with physical test and inflammatory 
biomarkers, in community-dwelling older women. (n = 71) BMI body mass index,  LTM   lean trunk mass,  HGS  
handgrip strength,  SGChair  sit to stand in chair test 5 repetitions,  TUG  timed up and go test, sTNFr-2  soluble 
receptors of TNF type 2.
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disease, and explored diet and level of physical activity are necessary to confirm the present findings, since these 
are aspects that can influence systemic inflammation, especially in aging. Despite these limitations, the study 
provides information that may be useful in the clinical context, in exploring the pathophysiology of RS, and in 
guiding future research on inflammation and RS.

Conclusion
Probable respiratory sarcopenia was associated with poor TUG test performance and higher plasma levels 
of sTNFr-2. These strategies also demonstrated reasonable diagnostic accuracy for indicate this condition, 
presenting a simple test and promising biomarker for use as an alternative for early diagnosis and contributing 
to the development of knowledge about inflammation and pathophysiology of chronic respiratory conditions 
in older people.

Data availability
The data presented in this study are available on request from the corresponding author. The data are not publicly 
available due to the privacy guarantee of the data collected individually.
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