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Background: Emerging studies have proposed that cytokines secreted following macro-
phage polarization may contribute to skeletal muscle aging. The current study primarily 
aimed to determine whether these cytokines have an impact on the progression of sarcopenia 
in an elderly population.
Methods: In total, 120 elderly adults aged 65 years and older who underwent health examina-
tions from 2015 to 2019 were included in this retrospective study. Sarcopenia was based on the 
criteria proposed by the European Working Group on Sarcopenia in Older People in 2019. 
Macrophages and cytokines datasets were obtained from Gene Expression Omnibus (GEO) 
database. Comprehensive assessments were performed for muscle strength, muscle mass, gait 
speed, tumor growth factor-β (TGF-β), and interleukin-12 (IL-12). Thereafter, the association 
between sarcopenia and cytokines was analyzed using regression models.
Results: Low muscle strength and low-speed gait were negatively associated with IL-12 [β: 
−8.96 (95% CI: −14.12, −3.79) and −7.16 (95% CI: −12.54, −1.78), respectively]. 
Participants with more sarcopenia components and more severe sarcopenia had lower IL- 
12 (P for trend < 0.001). Conversely, more amount of sarcopenia components were asso-
ciated with increased TGF-β (P for trend < 0.05). A definite diagnosis of sarcopenia was 
associated with decreased IL-12 and increased TGF-β with β of −8.96 (95% CI: −14.12, 
−3.79) and 147.75 (95% CI: 36.27, 259.23). Furthermore, increased IL-12 levels were 
significantly associated with reduced occurrence of sarcopenia with and odd ratio (OR) of 
0.36 (95% CI: 0.15–0.834).
Conclusion: Our findings on the relationship between cytokines and age-related muscle loss 
showed that IL-12 may be an early diagnosis indicator for sarcopenia in the elderly population.
Keywords: gender, sarcopenia, IL-12, TGF-β, macrophage

Introduction
Skeletal muscle aging, characterized by muscle mass loss, fibrosis, fat infiltration 
and other tissue modifications that causes a reduction in the force generated, has 
been associated with multiple adverse health outcomes, including loss of mobility, 
frailty, and sarcopenia.1–3 Age-related muscle loss is caused by potential mechan-
isms of imbalance between damage and repair processes at the molecular and 
myocellular levels.4–6 Inflammation is an important contributor to the pathology 
of diseases implicated in age-related skeletal muscle dysfunction.7 According to 
numerous studies, higher systemic concentrations of cytokines,8 greater basal 
cytokine production by peripheral blood mononuclear cells in vitro,9 and prolonged 
inflammatory reactions to infectious challenge in vivo10,11 are associated with 
ageing process.
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Macrophage polarization is a process by which macro-
phages adopt different functional programs in response to 
environmental signals, such as cytokine milieu, microbial 
ligands, and immune complexes.12 Mounting evidence has 
proposed that macrophage polarization promotes diverse 
physiological processes within the skeletal muscle, includ-
ing myogenic differentiation, fibrosis, and 
revascularization.13–15 Emerging findings have suggested 
that M1 macrophages decline with aging, although M2 
macrophages are predominant in human skeletal 
muscle.16 According to their specific functions, macro-
phages can be generally categorized into M1 and M2 
subtypes, which produce pro-inflammatory and anti- 
inflammatory cytokines, respectively.17 M1 macrophages 
secrete tumor necrosis factor, interleukin-1 (IL-1), IL-10, 
IL-12, IL-23 and IL-6, whereas M2 macrophages secrete 
tumor growth factor-β (TGF-β) and IL-1 receptor antago-
nist. In the present study, we analyzed the association 
between M1 and M2 macrophage activity in muscle tis-
sues and adult age by a gene expression database and 

evaluated which cytokine was significantly associated 
with a specific macrophage. This cross-sectional study 
aimed to investigate the relationships between different 
cytokines and sarcopenia in an aging population in 
Taiwan.

Methods
Study Design and Participant Recruitment
In total, 120 elderly participants aged 65 years and older 
who had undergone health checkups at Tri-Service General 
Hospital (TSGH), Taiwan, from 2015 to 2019 were included 
in this cross-sectional study and the flow chart is shown in 
Figure 1. Questionnaires were used to obtain demographic 
information and muscle mass, muscle strength, and physical 
performance measurements, as well as laboratory examina-
tions were performed. Thereafter, participants were categor-
ized into four groups based on the number of sarcopenia 
components (component 0 = 36; component 1 = 36; compo-
nent 2 = 32; component 3 = 16). TGF-β and IL-12 were then 
examined to explore their potential relationship with 

Participants age ≥65 years (N=136)

Exclude (N= 16):
Past histories of stroke (n= 8) and malignancy (n=3),
and missing data (n=5)

Eligible participants (N=120)
Men: 53/ Women: 67

Associations of cytokines IL-12 and TGF-β with sarcopenia 
based on the multivariate regression models and Receiver-Operating Characteristic analysis  

Component 2 of sarcopenia

N=32

Sarcopenic identification

Grip strength, appendicular skeletal 
muscle mass, and Gait speed

Component 0 of sarcopenia

N=36

Component 1 of sarcopenia

N=36

Component 3 of sarcopenia

N=16

Figure 1 Flow chart of participants.
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sarcopenia components. All analytic procedures were con-
ducted in accordance with the TSGH guidelines. Our study 
was approved by the Institutional Review Board of TSGH, 
Taiwan, and participants provided informed consent prior to 
enrollment. The study was conducted in accordance with the 
Declaration of Helsinki.

Analysis of Macrophage and Cytokine 
Datasets from Gene Expression Omnibus 
Database
Recent reviews evaluating immune cell populations and 
muscle homeostasis have shown that macrophages and 
their secreted cytokines were strongly correlated with 
muscle aging.18 To preliminarily assess the association 
between M1 and M2 macrophage activity in muscle tis-
sues and adult age, GSE154846, a database of age-related 
gene expressions in adult skeletal muscle, was used 
(https://cordis.europa.eu/project/id/277936/reporting). 
Approximately 500 samples of skeletal muscle from 
adults of different ages from GSE154846 was scored 
using Gene Set Variation Analysis (GSVA) scoring strat-
egy based on published molecular signatures generated 
from M1 or M2 related differentially expressed genes.19 

The young or middle-aged adult population had signifi-
cantly higher GSVA scores representing M1 in their mus-
cle tissue than the older population. In contrast, as 
expected, the GSVA scores for M2 increased significantly 
with age (Figure 2).

Sarcopenia Diagnosis
The revised operational definition proposed by the 2019 
European Working Group on Sarcopenia in Older People 
(EWGSOP2)20 identifies low muscle strength as the pri-
mary criterion for sarcopenia. Specifically, the aforemen-
tioned guideline demonstrates how to diagnose and 
evaluate severity in clinical practice. Accordingly, sarco-
penia is suspected when low muscle strength is observed 
and is subsequently diagnosed when low skeletal muscle 
mass is evident. Meanwhile, severe sarcopenia is consid-
ered when low physical performance and the two other 
criteria are observed. During the health checkups, muscle 
strength was measured through hand grip strength using 
an analog isometric dynamometer (North Coast 
Hydraulic Hand Dynamometer, North Coast Medical 
Inc., Morgan Hill, CA), while muscle quality or quantity 
was estimated through the skeletal mass index (SMI) by 
dividing the limb skeletal muscle mass (kg) by the square 
of the height (m2) using a BIA (InBody720, Biospace, 
Inc., Cerritos, CA, USA). Physical performance was mea-
sured using the 6-m walking distance. Based on the 
recommendations provided by EWGSOP2, the cutoff 
points for hand grip strength were 27.0 and 16 kg for 
men and women, respectively.21 Those for SMI were 7.0 
and 6.0 kg/m2 for men and women, respectively,22 and 
those for gait speed were 0.8 m/s for both men and 
women.23

Cytokines
To determine the underlying pathophysiological mechan-
isms, the following cytokines were analyzed based on the 
standard procedures indicated in the manufacturer’s 
instructions. TGF-β (Cedar Valley Drive, Westlake 
Village, CA, USA) and IL-12 (Cedar Valley Drive, 
Westlake Village, CA, USA) were assayed using 
a competitive enzyme-linked immunoassay. The lower 
detection limits for TGF-β and IL-12 were 15.6 and 7.8 
pg/mL, respectively. The coefficients of variation for the 
four assays ranged from 5% to 10% during the sample 
analysis period.

Study Variables
Demographic data, such as age, gender, and smoking 
history, were obtained from participants’ self-reported 
questionnaires. Information on comorbidities, such as 
hypertension, diabetes mellitus, myocardial infarction, 
angina, coronary artery disease, chronic obstructive 

Figure 2 Gene set variation analysis scoring of M1 and M2 signatures (**p=0.005/ 
***p<0.001).
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pulmonary disease, and arthritis, was also collected from 
the participants.

Statistical Analysis
The Statistical Package for the Social Sciences, version 
22.0 (SPSS Inc., Chicago, IL, USA), for Windows was 
used for all statistical analyses. All estimates were per-
formed based on the sample weights to represent the total 
population of Taiwan and were adjusted for the complex 
sample design of the survey. Significant differences among 
sarcopenia component groups were determined using the 
Pearson’s chi-square test. A two-sided p value of < 0.05 
was considered statistically significant. Associations 
between cytokines and sarcopenia, as well as components 
thereof, were analyzed using a linear regression model. 
Moreover, relationships between cytokines and odds ratios 
(ORs) for sarcopenia were analyzed using a logistic 
regression model. Thereafter, to adjust for age, sex, smok-
ing history, and number of comorbidities, multivariate 
analysis was conducted. Receiving operating characteristic 
(ROC) curve analysis was used to calculate the optimal 
cutoff points for cytokines as well as the area under the 
ROC (AUROC) and the corresponding 95% confidence 
intervals (CI) to determine the associations between cyto-
kines and sarcopenia. Trend tests were assessed by treating 
the number of sarcopenia components as a continuous 
variable to observe the associations across an increasing 
number of sarcopenia components and cytokines.

Results
Association Between Cytokines and 
Macrophage Polarization in the GEO 
Database
M1 or M2 macrophages secrete distinct cytokines that 
affect the growth and regeneration of skeletal muscle, 
respectively. To evaluate which cytokine was significantly 
associated with the GSVA score of a specific macrophage, 
correlations between the aforementioned cytokine-related 
pathways after GSVA scoring via the NIH PID pathway 
and BIOCARTA databases were further analyzed.

Figure 3 shows that the GSVA score of the IL12 path-
way significantly differed among adult populations of dif-
ferent ages and was significantly positively correlated with 
M1 macrophage score (p<0.001; r=0.319). In contrast, the 
GSVA score of the TGFB pathway was significantly nega-
tively correlated with the M1 macrophage GSVA score 
(p=0.010; r=−0.111). Other cytokines were either not 

significantly correlated with M1/M2 GSVA scores across 
age groups or were not significantly correlated with M1/ 
M2 GSVA scores.

Study Population Characteristics
All participants were categorized into four groups based on 
the number of sarcopenia components, and Table 1 sum-
marizes the demographic characteristics of participants. The 
mean age was significant different in each group with 72.29 
± 5.46, 72.36 ± 6.71, 75.98 ± 8.77, 82.44 ± 8.74 years, 
respectively. Participants with more sarcopenia components 
had significantly lower grip strength, physical performance, 
and skeletal muscle mass (p < 0.001).

Association Between Sarcopenia and 
Cytokines
Table 2 presents the associations between cytokines and 
sarcopenia components, number of sarcopenia compo-
nents, and definite diagnosis of sarcopenia. Accordingly, 
the univariate model showed that low muscle strength, 
muscle mass, and speed gait were associated with 
decreased IL-12 levels with β of −6.69 (95% CI: −11.25, 
−2.13), −4.68 (95% CI: −9.25, −0.10), and −6.68 (95% CI: 
−11.74, −1.82), respectively. After adjusting for variables 
including age, sex, smoking history, and number of comor-
bidities, low muscle strength and low-speed gait remained 
significantly associated with decreased IL-12 levels with β 
of −8.96 (95% CI: −14.12, −3.79; p<0.001) and −7.16 
(95% CI: −12.54, −1.78; p=0.010). Participants with 
more sarcopenia components had significantly lower IL- 
12 with β of −4.55 (P for trend < 0.001). Confirmed and 
severe sarcopenia were associated with decreased IL-12 
with β of −7.51 (95% CI: −13.94, −1.07; p=0.023) and 
−14.03 (95% CI: −21.36, −6.69; p<0.001) after fully 
adjusting age, sex, smoking history, and number of comor-
bidities. Conversely, low muscle strength was associated 
with increased TGF-β levels with β of 147.75 (95% CI: 
36.27, 259.23; p=0.010). More sarcopenia components 
were significantly associated with higher TGF-β with β 
of 52.17 (P for trend < 0.05). Confirmed sarcopenia was 
associated with increased TGF-β with β of 190.10 (95% 
CI: 50.08, 330.13; p=0.008). Moreover, a definite diagno-
sis of sarcopenia, including confirmed and severe sub-
types, was significantly associated with decreased IL-12 
and increased TGF-β with β of −8.96 (95% CI: −14.12, 
−3.79) and 147.75 (95% CI: 36.27, 259.23) after full 
adjustment.
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Figure 3 Associations among different cytokines expressions, M1, and M2 signatures (**p=0.005/***p<0.001).
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Association Between Cytokines and 
Occurrence of Sarcopenia
To determine the ability of cytokines to predict the occur-
rence of sarcopenia, the optimal cutoff points for IL-12 
and TGF-β were calculated using ROC analysis (Figure 4). 
Accordingly, IL-12 had an AUROC of 0.64 (95% CI: 
0.53–0.74; p<0.001) with an optimal cutoff point of 
41.80 (sensitivity: 53%; specificity: 73%). Meanwhile, 
TGF-β had an AUROC of 0.60 (95% CI: 0.49–0.72; 
p<0.001) with an optimal cutoff point of 92.09 (sensitivity: 
66%; specificity: 56%) (Table 3).

Figure 5 shows the relationships between the occur-
rence of sarcopenia and continuous cytokine levels and 
their cutoff points. IL-12 and age were associated with the 
occurrence of sarcopenia with OR of 0.969 (95% CI: 
0.939–1.000; p=0.050) and 1.061 (95% CI: 1.003–1.121; 
p=0.037) in the unadjusted model. After full adjustment, 
IL-12 remained significantly associated with the occur-
rence of sarcopenia with OR of 0.969 (95% CI: 0.938–-
1.000; p=0.050). However, no significant association was 
noted between TGF-β and sarcopenia. Regarding cytokine 
cutoff points, IL-12 was inversely associated with the 
occurrence of sarcopenia with OR of 0.356 (95% CI: 

0.157–0.807; p=0.018) (Figure 5), while TGF-β was posi-
tively associated with the occurrence of sarcopenia with 
OR of 2.443 (95% CI: 1.080–5.527; p=0.032) in the unad-
justed model. After full adjustment for variables, IL-12 
remained significantly associated with the occurrence of 
sarcopenia with OR of 0.356 (95% CI: 0.151–0.838; 
p=0.018).

Discussion
The present study found that the cytokine levels might 
affect the number of sarcopenia components and sarcope-
nia severity. Accordingly, our results showed that, among 
elderly participants, more sarcopenia components were 
associated with decreased IL-12 and increased TGF-β 
levels. We speculate that these cytokines might have 
been partly released by muscle differentiation during 
macrophage polarization into M1 and M2 subtypes, 
which are involved in pro-inflammatory and anti-inflam-
matory activities, respectively. To the best of our knowl-
edge, the present study is the first to explore the 
relationships between cytokines and sarcopenia in 
a Taiwanese elderly population.

TGF-β has been proposed to induce skeletal muscle 
atrophy and fibrosis by regulating the activity of skeletal 

Table 1 Characteristics of Study Population

Variable Components of Sarcopenia

0 1 2 3 P value

Continuous variable (SD)

Age (years) 72.29 (5.46) 72.36 (6.71) 75.98 (8.77) 82.44 (8.74) <0.001
Grip strength (kg) 30.08 (8.69) 25.30 (7.86) 19.25 (8.09) 15.62 (5.90) <0.001

SMI (kg/m2) 7.11 (0.89) 6.08 (0.99) 5.76 (0.81) 5.88 (0.67) <0.001

Gait speed (m/s) 1.20 (0.18) 1.19 (0.31) 0.88 (0.26) 0.59 (0.16) <0.001
Comorbidity No. 0.78 (0.96) 0.89 (1.19) 1.03 (1.15) 1.06 (1.06) 0.746

IL-12 (pg/mL) 46.08 (12.94) 45.05 (14.28) 40.11 (7.66) 33.71 (10.59) 0.003

TGF-β (pg/mL) 139.34 (145.36) 149.21 (173.09) 271.32 (361.31) 289.69 (381.05) 0.072

Categorical variable (%)

Gender (male) 18 (50.0) 20 (55.6) 22 (68.8) 7 (43.8) 0.674
Smoking 11 (31.4) 9 (25) 4 (12.5) 2 (12.5) 0.043

HTN 15 (41.7) 10 (27.8) 13 (40.6) 10 (62.5) 0.219

DM 6 (16.7) 6 (16.7) 5 (15.6) 1 (6.3) 0.428
MI 0 (0.0) 1 (2.8) 0 (0.0) 0 (0.0) 0.821

Angina 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) -

CAD 3 (8.3) 3 (8.3) 3 (9.4) 2 (12.5) 0.661
COPD 2 (5.6) 2 (5.6) 2 (6.3) 0 (0.0) 0.570

Arthritis 2 (5.6) 10 (27.8) 10 (31.3) 4 (25.0) 0.031

Abbreviations: SMI, skeletal muscle mass index; S&S time, stand up and sit down time; HTN, hypertension; DM, diabetes mellitus; MI, myocardial infarction; CAD, 
coronary artery disease; COPD, chronic obstructive pulmonary disease.
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muscle satellite cell.24 Moreover, TGF-β has been sug-
gested to lower muscle regeneration by inhibiting muscle 
cell differentiation and proliferation via the Smad-3 sig-
naling system, which has been shown to prevent positive 
regulators of muscle cell differentiation, including MyoD 
and myogenin.25 Excessive TGF-β production has been 
considered the main cause of progressive tissue fibrosis 
and scar formation, leading to muscle loss and impaired 
muscle function.18 Moreover, studies have suggested that 
TGF-β plays a role in muscle impairment and fibrosis 
accompanying the aging process.18 Our findings are con-
sistent with those presented in previous studies showing 
that sarcopenia is significantly associated with increased 
TGF-β levels through various processes, such as muscle 
damage, regeneration, and fibrosis.26

IL-12 is a pro-inflammatory cytokine that promotes 
T cell proliferation and cytotoxic activity.27 

Unfortunately, limited studies have been available regard-
ing the role of IL-12 in myogenic differentiation. 
Romanazzo et al demonstrated that IL-12 overexpression 
in C2C12 mouse skeletal muscle cells enhanced the myo-
genic differentiation process.28 IL-12 has been a well- 
known risk factor for Alzheimer’s disease and cognitive 
aging.29,30 A population-based study of Taiwanese elderly 
participants suggested that IL-12-associated genes caused 
the etiological changes observed during cognitive aging.31 

Previous studies have also proposed a connection between 
IL-12 and physical activity. Accordingly, endurance exer-
cise has been associated with the induction of Th2 cyto-
kines, including IL-4 and IL-12,32 while Suzuki et al 
demonstrated that IL-12 concentration significantly 
increased after maximal exercise test.33 Moreover, 
a retrospective study of 16 men who participated in 
a running program showed that intense exercise enhances 
IL-12 levels in peripheral blood mononuclear cells.34 The 
present study found that lower IL-12 levels were asso-
ciated with a higher occurrence of sarcopenia. Given the 
aforementioned findings, patients with increased IL-12 
levels may have better muscle strength and physical per-
formance, as well as lower incidences of sarcopenia. 
Further experiments will be necessary to clarify the 

Figure 4 Receiver operating characteristic curve analysis for optimal cutoff points of IL-12 (A) and TGF-β (B).

Table 3 Optimal Cutoff Points of Cytokines

IL-12 TGF-β

AUC (95% CI) 0.64 (0.53–0.74) 0.60 (0.49–0.72)

Sensitivity 53% 66%

Specificity 73% 56%

P-value 0.018 0.084

Cutoff points 41.80 92.09
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function of IL-12 in human skeletal muscle and the mole-
cular mechanisms underlying its action.

Cui et al have reported the role of macrophage polar-
ization in skeletal muscle metabolism associated with 
aging, which involves distinct macrophage function.16 

Impaired macrophage activity during aging has been sug-
gested to promote deterioration in satellite cell function 
and muscle regeneration.35 One study observed that the 
resting muscles of aged mice had increased M2 macro-
phages, accompanied by increased skeletal muscle 
fibrosis.36 Meanwhile, a human study showed that older 
patients with type 2 diabetes mellitus had higher gene 
expression of M2 macrophages compared to the younger 
patients, suggesting an increase in the proinflammatory 
process with age.37 Moratal et al demonstrated that M2 
macrophages induced adipogenesis through fibro- 
adipogenic progenitors.38 By promoting fibrosis and fat 
infiltration, which are major features of skeletal muscle 
aging, macrophage polarization, especially M2 macro-
phages, may play an important role in the altered skeletal 
muscle function, and sarcopenia.

Some limitations of the present study are worth noting. 
First, the cross-sectional design of this study prevented the 
identification of causal relationships between cytokines and 
sarcopenia. Therefore, longitudinal studies are needed to 
explore whether cytokines can be utilized for the early diag-
nosis and evaluation of therapeutic interventions in sarcope-
nia. Second, flow cytometry, which measures specific protein 
expressions, has been the standard method for identifying 
macrophages. However, given that only a few macrophages 
were detected in the study samples, cytokines were obtained 
from participants’ blood samples to indicate macrophage 

activation. Next, considering that cytokines are potent med-
iators across various inflammatory states and age-related 
diseases, their measurements might have been affected by 
physiological and pathological changes. Therefore, macro-
phage polarization can only be an indirect predictor for 
evaluating muscle differentiation and sarcopenia. Fourth, 
the information of baseline physical activity levels, which 
is the potential confounding factor in the association between 
IL-12 and sarcopenia, was unavailable in this study. Finally, 
the sensitivity and specificity values are relatively low in the 
present study. The sensitivity and specificity of a quantitative 
test are dependent on the cutoff point above or below which 
the test is positive. If the cutoff point is raised, there are fewer 
false positives but more false negatives than the test is highly 
specific but not very sensitive.

The current study found that the number of sarcope-
nia components and sarcopenia severity were associated 
with plasma cytokines levels among older individuals. 
Furthermore, IL-12 was found to be associated with the 
occurrence of sarcopenia, suggesting its potential as 
a muscle quality indicator for predicting outcomes of 
age-associated muscle loss. The combination of clinical 
practice and biomarker assessment in evaluating muscle 
quality may be essential for the early diagnosis of sarco-
penia. Moreover, determining whether IL-12 can become 
a novel biological target for preventive and therapeutic 
interventions will be interesting. Nevertheless, the poten-
tial mechanisms through which macrophage function 
affects aging skeletal muscle remain unclear. Further 
studies are required to characterize the function of 
these cytokines and provide a basis for the better mod-
ulation of their signaling in therapeutic approaches.

Figure 5 Association between cytokines and the occurrence of sarcopenia.
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