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ABSTRACT. The combination of increased fat mass with a decrease in muscle mass and strength in the 
elderly has been termed sarcopenic obesity (SO). In addition, augmented levels of inflammatory markers have 
been reported in subjects with SO. Two hundred-sixteen obese elderly women were included in this cross-
sectional study. They underwent body composition analysis by DEXA to define the presence of SO. 
Volunteers were divided into two groups: SO (n= 83; 66.7 ± 5.6 years) and non-SO (n= 133; 67.6 ± 4.9 years) for 
the comparison of inflammatory cytokines.  There were no significant differences between SO and non-SO 
groups in the blood concentrations of the inflammatory markers analyzed, e.g. interleukin-6 (0.82 ± 0.20 vs 
0.83 ± 0.19 pg/ml; p=0.64), C-reactive protein (2.70 ± 1.55 vs 2.82 ± 1.66 pg/ml; p=0.71), tumor necrosis factor 
alpha (0.71 ± 0.08 vs 0.70 ± 0.08 pg/ml; p=0.42) and interferon-gamma (0.75 ± 0.14 vs 0.74 ± 0.08 pg/ml; 
p=0.47), respectively. Thus, in the studied population, inflammatory markers are not exacerbated by SO when 
compared to obesity without sarcopenia. 
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INTRODUCTION 
 
Increased longevity is a widespread global trend as 
evidenced by demographic and epidemiological data, 
especially regarding females, who live an average of 
seven years longer than males (Cullen et al., 2016). 
According to data from the Brazilian Institute of 
Geography and Statistics, there will be an increase in 
the population of people aged 60 years and older from 
10% in 2010 to 29,3% in 2050 (Simões, 2016). 

With an aging population comes a higher 
prevalence of chronic conditions such as 
cardiovascular disease, obesity, cancer, and diabetes 
(Prince et al., 2015). Moreover, the decrease in muscle 
mass and strength combined with the increase in fat 
mass contribute to the loss of functional capacity 
related to aging (Papa et al., 2017). Previous data has 
already shown that obesity is associated with chronic 

inflammation and this is evidenced by an increase in 
blood inflammatory markers such as, interleukin-6 (IL-
6), tumor necrosis factor-alpha (TNF-α), interleukin 1 
beta (IL-1β) and C-reactive protein (CRP) (Bano et al., 
2017, Yang et al., 2015). Of note, IL-6 is a cytokine 
produced by several cell types and mediate acute 
phase inflammation. TNF-α is related to cytolysis, 
especially in tumoral cells. However, high 
concentration of this marker is related to worst 
prognosis in cancer and inflammatory shock (Forte, 
2007). 

Muscle mass usually comprises 50% of total 
body weight in young adults. However, it decreases 
by up to 25% in individuals 75 to 80 years old (Buford 
et al., 2010, Sakuma et al., 2014). Post-menopausal 
women present an accelerated loss of muscle mass and 
strength compared with men of similar age (Chen et 
al., 2017). This process of losing muscle mass and 
strength (e.g. sarcopenia) might be related to hormonal 
changes, sedentary lifestyle, poor diet, inflammatory 
markers, products of oxidative damage, serum 
creatinine and urinary creatinine excretion, endocrine 
function, urine proteomics panel, N-terminal 
procollagen peptides, myostatin and agrin fragment 
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(Fougère et al., 2015). These negative outcomes suggest 
that sarcopenia and obesity have independent and 
additive adverse effects on health and that the efforts 
taken to understand the aging process should focus on 
obesity and maintaining or increasing skeletal muscle 
mass and function. 

The loss of muscle mass is usually 
accompanied by a concomitant increase in fat mass. 
The combination of increased fat mass with a decrease 
in muscle mass and strength in the elderly has been 
termed sarcopenic obesity (SO) (Cruz-Jentoft et al., 
2010, Narici and Maffulli, 2010). This pathological 
condition is associated with functional limitations and 
increased mortality (Batsis et al., 2015). Nevertheless, 
elderly obese women with and without SO present 
several abnormalities in skeletal muscle. Particularly, 
intramuscular lipid accumulation, which has been 
associated with low force generation, insulin 
resistance, reduced regenerative capacity from injuries, 
resistance to anabolic stimulus (growth factors, 
hormones, amino acids and exercise) and heightened 
local inflammatory pathways (Hamrick et al., 2016). 

Augmented levels of inflammatory cytokines 
have been reported in subjects with SO (Wilson et al., 
2017). These markers of inflammation produced by 
adipose tissue and inflammatory immune cells may 
accelerate the rate of muscle breakdown, reducing 
muscle strength and contributing to the development 
of sarcopenia and SO (Dutra et al., 2017). In this 
regard, studies have shown that elderly women with 
SO have greater functional limitations, lower muscle 
strength and increased risk of death compared with 
non-sarcopenic obese older adults (Lustosa et al., 2017, 
Silva Neto et al., 2012). Furthermore, research to date 
have focused on older people with obesity, fragility, or 
post-menopausal women separately and not with the 
SO condition (Prestes et al., 2009). 

Therefore, the aim of this study was to 
compare inflammatory blood markers of elderly obese 
women with and without SO. Initially, the hypothesis 
of the present investigation was that elderly women 
with SO would present higher concentrations of 
inflammatory markers compared with elderly obese 
women without SO. 
 
METHODS 
 
Sample 
 
Two hundred-sixteen obese elderly women 
participated in this cross-sectional study. Volunteers 
were recruited from a community in the Federal 
District of Brazil. They were divided into two groups: 
SO (n = 83; 66.7 ± 5.6 years) and non-SO (n = 133; 67.6 
± 4.9 years). A questionnaire was applied to measure 
the level of physical activity (International Physical 
Activity Questionnaire - IPAQ) and only sedentary 
women (aged 60 years or more) who underwent 

anthropometric and body composition analysis were 
selected to participate. Subjects with autoimmune or 
rheumatic diseases, as well as those who were taking 
medications (such as beta-blockers and/or metformin) 
were excluded from the study. The volunteers were 
not part of any hormone therapy program. 

Enrollment was voluntary and written consent 
was obtained from each subject. The methodology of 
the present study was approved by the Ethics 
Committee for Human Research of the Catholic 
University of Brasília (process number 235/2010) and 
the procedures were conducted in accordance with 
guidelines for experimentation with human subject. 
 
Body Composition, obesity and sarcopenic obesity 
  
All selected volunteers underwent body composition 
analysis by Dual-energy X-ray absorptiometry (DXA) 
(General Electric-GE model 8548 BX1L, Lunar DPX 
type, software Encore 2005; Rommelsdorf, Germany). 
Appendicular fat free mass (AFFM) was calculated as 
the sum of the fat free mass (FFM) from both arms and 
legs obtained by DXA. 
 Sarcopenic obesity was defined according to 
criteria proposed by Oliveira et al. (2011). Briefly, the 
method is based on the residual values of a regression 
equation that predicts appendicular FFM based on 
height (in meters) and fat mass (in kg). The equation 
for elderly women has been identified as follows: 
predicted AFFM = -14.529 + (17.989 * Height in meters) 
+ (0.1307 * total fat mass in kg). The residual value (i.e., 
DXA measured AFFM – equation predicted AFFM) 
was used for classification of SO, with a cutoff value of 
≤ 3.4. 
 Obesity was determined by DXA and by 
body mass index (BMI). The reference values for body 
fat percentage followed the recommendations of the 
National Institute of Diabetes and Digestive and 
Kidney Diseases (Eckel et al., 2002), with a cutoff value 
of 32% for women. Obesity determined by BMI 
followed the proposal of Lipschitz (Lipschitz, 1994), 
with a cutoff value of 27.0 kg/m2 for elderly women. 
 
Inflammatory parameters 
  
The following inflammatory markers were measured: 
IL-6, TNF-α, interferon-gama (INF-ү) and CRP. The 
cytokine assay was performed using the ELISA 
(enzyme-linked immunosorbent assay) method 
according to the manufacturer (R & D Systems, 
Minneapolis, MN, USA). Plasma CRP was determined 
by turbidimetry according to the manufacturers’ 
protocol (Roche Diagnostic, GmBH - Germany). 
 All measurements were performed in 
triplicate and the mean values were reported in the 
present study. The classification described by Harris et 
al. (1999) was adopted, in which, values ≥ 2.08 pg/ml 
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were considered to be high for IL-6 and ≥ 2.78 pg/mL 
for CRP. 
 Regarding TNF-α, concentrations up to 4.12 
pg/ml were considered to be normal, as described by 
the manufacturer. Finally, the levels of INF-γ were 
presented as the mean and percentage in order to 
compare this marker with the aforementioned 
inflammatory markers, as well as with previous 
studies that have measured the serum levels of this 
cytokine. 
 
Statistical Analysis 

 
Data are presented as mean ± standard deviation (SD) 
and percentages when appropriate. Data normality 
was tested by the Kolmogorov-Smirnov test. The 
inflammatory parameters did not present normal 
distribution, thus values were natural-log transformed. 
The Student t-test for independent samples was 
applied to determine the differences between groups 

(SO vs non-SO). Pearson’s correlation test was used to 
examine the relationship of inflammatory markers 
with age, body mass index, body fat mass, and fat-free 
mass. Sample size was determined a priori using 
G*Power version 3.1.3 (Kiel, Germany) with the level 
of significance set at p = 0.05 and power (1 − β) = 0.80. 
We conducted a pilot study to evaluate the effect size 
for each inflammatory variable and the mean effect 
size d was 0.34 (small to medium effect size). Based on 
these a priori calculations and the pilot study, we set 
the final sample size. The level of significance was set 
at p < 0.05. The statistical software used was the SPSS 
version 21.0 (IBM Corporation, Armonk, NY, USA). 
 
RESULTS 
 
The mean age of all the subjects of the present study 
was 67.2 ± 5.1 years. Anthropometric characteristics of 
the groups according to SO classifications are 
presented in Table 1. From all subjects, 38.4% (n = 83) 
was classified with SO, while 61.6% (n = 133) were not. 
However, all volunteers were obese according to their 
body fat percentage (Baumgartner et al., 1998). 
Sarcopenic obese subjects presented mean values of 
appendicular lean mass (ALM) measured by DXA 
similar to those who were not classified with SO. As 
expected, FFM was significantly higher (p = 0.001) for 
the group without SO as compared with the SO group. 
 
Table 1. Anthropometric variables. 

 SO Non-SO 
P 

95% CI 
(n=83) (n=133) of the difference 

Age (years) 66.7 ± 5.6 67.6 ± 4.9 0.23 (-2.30/0.55) 
TBM (kg) 68.1 ± 8.0 65.4 ± 7.4 0.42 (-1.28/3.02) 

Heigth (cm) 1.55 ± 0.05 1.50 ± 0.05* 0.001 (0.04/0.07) 
BMI (kg/m2) 28.1 ± 2.9 29.9 ± 3.5* 0.001 (-2.64/-0.82) 

BF (%) 40.5 ± 3.9 41.3 ± 3.5 0.13 (-1.80/0.23) 
BF (kg) 26.7 ± 7.7 23.2 ± 7.1* 0.001 (1.51/5.55) 

FFM (kg) 12.3 ± 1.4 14.4 ± 1.3* 0.001 (-2.48/-1.74) 

Values are presented as means ± DP; BMI: body mass index; BF: 
body fat. TBM: total body mass; SO: sarcopenic obesity; FFM: fat 

free mass; CI: confidence interval.*Statistically different between 
groups: p ≤ 0.05. 

 
Regarding the inflammatory profile, there 

were no statistically significant differences between 
groups (Table 2). Moreover, the values of TNF-α and 
INF-γ were found to be normal for all subjects. 
However, 55% of the sample presented levels of CRP 
above 0.8 pg/mL and at least 26% of them had very 
high CRP levels. In addition, IL-6 levels were high in 
57% of the sample. 
 
Table 2. Inflammatory parameters according to sarcopenic obesity 
classification. Values are natural-log transformed. 

 SO (n=83) 
Non-SO 
(n=133) 

P 

95% CI 

of the 
difference 

IL-6 
(pg/mL) 

0.59 ± 0.09 0.60 ± 0.09 0.58 (-0.03/0.02) 

CRP 
(pg/mL) 

1.23 ± 0.41 1.25 ± 0.43 0.79 (-0.18/0.14) 

TNF-α 
(pg/mL) 

0.53 ± 0.05 0.53 ± 0.04 0.40 (-0.01/0.02) 

INF-γ 
(pg/mL) 

0.55 ± 0.07 0.55 ± 0.04 0.56 (-0.01/0.02) 

SO: sarcopenic obesity; IL-6: interleukin-6; CRP: C-reactive protein; 
TNF-α: tumor necrosis factor alpha; INF-γ: interferon gamma. 
 

The relationship between inflammatory 
variables with age, body mass index, body fat mass 
and fat-free mass is presented in table 3. TNF-α was 
positively correlated with age (r = 0.16, p < .05), and 
negatively correlated with body mass index (r = -0.19, 
p < .05). Inflammatory variables (IL-6, CRP and INF-γ) 
did not correlate with age, nor with anthropometric 
variables. Of note, both IL-6 (r = 0.36, p < .05) and 
TNF-α (r = 0.18, p < .05) presented a significant 
correlation with INF-γ. 
 
Table 3. Coefficients of correlation between inflammatory markers, 
age, body fat, and fat-free mass (n = 216). 

 Age BMI Body Fat FFM 
IL-6 0.02 0.02 -0.06 -0.06 
CRP -0.07 -0.16 -0.04 0.06 

TNF-α 0.16* -0.19* 0.11 0.00 
INF-γ -0.01 -0.02 0.02 -0.12 

IL-6: interleukin-6; CRP: C-reactive protein; TNF-α: tumor necrosis 
factor alpha; INF-γ: interferon gamma; BF: body fat; FFM: fat-free 
mass. * p < .05. 

 
DISCUSSION 
 
The aim of this study was to compare inflammatory 
markers in elderly obese women with and without SO. 
Contrary to the initial hypothesis, obese elderly 
women with SO did not present higher concentrations 
of inflammatory markers as compared to those 
without SO. Moreover, TNF-α was positively 
correlated with age, and negatively correlated with 
body mass index. Both IL-6 and TNF-α were correlated 
with INF-γ. 
 A high prevalence of SO (38.4%) was observed 
in the present study compared to previous published 
articles, where the prevalence ranged from 3% to 
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17.7% (Baumgartner, 2000). Similar to the results of the 
present investigation, a study conducted in New 
Mexico, observed an even higher prevalence of SO 
(48.1%) (Baumgartner et al., 1998). On the other hand, 
Oliveira et al. (2011) reported a prevalence of 19.8% in 
Brazilian elderly women. It is noteworthy that all 
subjects investigated in this study were obese 
according to their body fat percentage, which may 
have elevated the prevalence of SO.  

Epidemiological evidence revealed that SO is 
associated with functional decline (Villareal et al., 
2011) and the risk of developing cardiovascular, 
metabolic and endocrine diseases, denervation and 
mitochondrial dysfunction (Sakuma and Yamaguchi, 
2013). Lee et al. (2016) demonstrated that SO 
individuals were more likely (OR = 3.51) to develop 
knee osteoarthritis as compared with those who were 
not sarcopenic obese, although both groups had the 
same body mass. Previous studies revealed that IL-6, 
CRP, and other cytokines can lead to the development 
of insulin resistance (IR). It is known that IR is 
associated with sarcopenia (Kalyani, Corriere, Ferrucci 
2014) and cognitive performance, while no differences 
were evidenced between elderly with and without OS 
(Levine and Crimmins, 2012).  

Yang et al.(2015) analyzed the impact of 
sarcopenic obesity on inflammatory markers, 
including interleukin-6 (IL-6), high-sensitivity C-
reactive protein (hs-CRP), and tumor necrosis factor- 
alpha (TNF-α)  of 844 community-dwelling people 
aged 65 years and older. The authors demonstrated the 
significant interaction between sex and sarcopenic 
obesity status in serum hs-CRP levels, as evidenced by 
higher hs-CRP levels among males in the obesity only 
and in the sarcopenic obesity groups compared with 
normal males. This is probably related to body fat 
mediated inflammation, once men usually present 
more fat in the central region in the body (i.e. visceral 
fat), which is strongly related to metabolic 
disturbances.   

The results of the present study revealed a 
similar inflammatory profile between elderly obese 
women with and without SO (Table 2). These results 
can be partially explained since adipose tissue is a 
major contributor to the production of 
proinflammatory cytokines, such as TNF-α and IL-6 
(Jensen and Hsiao, 2010). Thus, it seems that muscle 
mass can be directly affected by inflammation, and 
elevated levels of IL-6 directly affect anabolic efficacy 
of IGF-I, which is a likely mechanism that contributes 
to the progressive decrease of lean mass in the elderly 
(Kalyani, Corriere, Ferrucci, 2014). In this regard, IL-6, 
TNF-α, and CRPare also reported to play negative 
effects on physical function, which are thought to 
accelerate age-associated changes in body 
composition. Yet, it is noteworthy that Dutra et al. 
(2017) found that IL-6 was significantly higher in SO 
elderly women when compared to non-SO, which is 

different from the present investigation. These 
discrepancies may be related to two associated 
circumstances. First, sample size of SO women in the 
study by Dutra et al. was only a third of the present 
sample size. Moreover, cytokines concentration may 
vary significantly even among samples of similar 
characteristics and they rarely present to be normally 
distributed. 

According to Singh and Newman (2011), the 
high blood concentration of CRP, which is also an 
acute phase marker, has been extensively associated 
with the prediction of cardiovascular diseases, as well 
as with a marked physical decline in the elderly 
(Penninx et al., 2004). Similarly, Schaap et al. (2009) 
demonstrated that elevated blood concentrations of 
CRP were associated with approximately 40% loss of 
muscle strength after a follow-up of 3 years. In the 
present study, a high percentage of volunteers (55%) 
presented levels of CRP considered to be above the 
recommended levels for cardiovascular health. 
Furthermore, Stenholm et al. (2008) found that the 
combination of high body fat percentage and low hand 
grip strength was associated with increased levels of 
CRP. A previous study examining an Asian 
population demonstrated that high-sensitivity (hs)-
CRP levels were significantly and independently 
associated with SO, even after adjusting for several 
other risk factors (Kim et al., 2013). Therefore, low-
grade inflammation might be one of the principal 
factors involved in the vicious cycle of sarcopenia and 
obesity in the elderly. 

Some methodological limitations of this study 
should be highlighted. Firstly, it was a cross-sectional 
design study with a relatively small number of 
subjects, according to the small sample power (even 
with the a priori power analysis), making it impossible 
to establish a cause and effect relationship between SO 
and the inflammatory response in the long-term. We 
also understand that there may be a selection bias in 
the present study. However, the number of subjects 
enrolled in the study was significant due to time and 
cost consuming aspects related to DXA and 
inflammatory markers analyses. Unfortunately, 
cytokines tend to present a wide variability in humans, 
which directly affects the sample power analysis. To 
compensate that, subjects were limited to women, 
removing the potential influence of gender on the 
results.  

Secondly, individuals from both groups were 
obese according to the percentage of body fat and the 
study does not have a control group. This fact limits 
the discussion of the present results, since it is not 
possible to infer if subjects without SO and without 
regular obesity (i.e. obesity without sarcopenia) would 
present a different inflammatory profile compared to 
those with SO and regular obesity. Finally, the 
definition of sarcopenia proposed by the European 
Working Group on Sarcopenia in Older People 
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(EWGSOP), which recommends the evaluation of 
muscle strength for the diagnosis of sarcopenia was 
not used in this study (Cruz-Jentoft et al., 2010). 
 
CONCLUSION 
 
In conclusion, the results of this study demonstrated 
that blood inflammatory markers were not 
exacerbated by SO in the studied population. In 
addition, both groups presented a high inflammatory 
profile, demonstrating that obesity per se may explain 
a greater likelihood of inflammation in elderly women.  
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