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Abstract 
Objective: To evaluate the inflammatory profile and, through bioelectrical impedance analysis, verify the presence of sarcopenia in elderly 

people with chronic kidney disease.

Methods: Cross-sectional and analytical study with 58 patients allocated into 2 age groups, 36 (62.1%) aged between 60 and 69 years and 
22 (37.9%) aged 70 or over, of both sexes, carriers of chronic kidney disease under conservative treatment, followed at the chronic kidney disease 
outpatient clinic of the Hospital das Clínicas of the Federal University of Pernambuco, from April to October 2019. For analysis of inflammatory 
markers (interferon gamma, tumor necrosis factor alpha and interleukins 2, 4, 6 and 10) and the phase angle provided by bioelectrical impedance, 
SPSS 13.0 Software (Statistical Package for the Social Sciences) for Windows and Excel 365 were used.

Results: All inflammatory markers presented levels above the normal in both groups selected by chronological age, however IL-6 showed 
statistical significance (p-value= 0.038), as it was higher in the older group. The phase angle was below normal in both groups and more pronounced 
in the older group. This difference was statistically significant (p-value=0.040), pointing to the presence of sarcopenia.

Conclusion: Elderly people aged 70 years or over had higher levels of interleukin 6, and lower phase angle values when compared to the age 
group between 60 and 69 years. The phase angle by bioelectrical impedance appears as a potential biomarker of sarcopenia.
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Introduction

Longevity, a recent achievement of humanity, challenges 
science because the biological basis of the senescence process 
is not completely understood. With aging, metabolic and 
physiological changes occur that can culminate in chronic diseases,  

 
such as chronic kidney disease (CKD). This morbidity is a highly 
prevalent condition, globally estimated at 14.3% in the general 
population [1] and, in Brazil, a recent study estimated a prevalence 
of 6. 7% of the disease in stages G3 to G5 in adults, three times as 
much in individuals aged 60 years or older [2]. Among the organs 
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and systems of the human body that undergo changes with the 
physiological aging process, the immune system is one of the most 
affected [3]. These changes characterize immunosenescence. This 
phenomenon results in greater susceptibility of elderly people to 
infectious, degenerative, cardiovascular, autoimmune diseases and 
cancer, in addition to a 2- to 4- fold increase in plasma levels of pro- 
and anti-inflammatory cytokines [4].

Given the importance of understanding this process, 
Franceschi et al. called this inflammatory condition “Inflammaging” 
(inflammation”+“aging”). This term has become widely used to 
describe the inflammatory process of aging and is characterized by 
a chronic, subclinical, low-grade systemic pro-inflammatory state. 
During this process, the balance of cytokines in the body undergoes 
changes, probably due to the loss of homeostasis, which interferes 
with the metabolism of practically all body tissues and contributes 
to a greater predisposition to illness and worsening of chronic 
diseases such as hypertension and diabetes [4].

Thus, inflammation appears to be associated with increased 
morbidity and mortality in older people. This chronic, low-grade 
systemic pro-inflammatory state consists of elevated levels of pro- 
inflammatory cytokines, such as interleukin-1 (IL-1), interleukin-6 
(IL6), and tumor necrosis factor alpha (TNF-α) and appears be 
involved in the pathogenesis of several age-related diseases. 
Another component widely used in clinical practice as a marker 
of inflammation is C-Reactive Protein (CRP), which is produced 
in response to IL-6 and is also a robust predictor of risk for 
cardiovascular diseases. The pro-inflammatory cytokines IL-6 and 
TNF-α are commonly studied, and there is consensus on increased 
concentrations in elderly people [5].

In this context, it is also worth highlighting the role of 
interleukins in patients with CKD, since in this pathology, which 
is significantly prevalent in the elderly population, there is an 
increased production of pro-inflammatory cytokines and oxidative 
stress, which are, at least partially, responsible for the increased 
morbidity and mortality in this segment. New insights into the 
pathogenic role of innate immunity and the pro-inflammatory 
cytokine profile, characterized, for example, by higher levels 
of IL-6 and TNF-α, explain some of the clinical and laboratory 
abnormalities observed in these patients [6].

It is important to highlight that frailty syndrome in the elderly 
provides vulnerability to pathologies and acute stressors, with a 
decline in lean body mass, muscle strength, resistance, balance and 
walking performance, low activity and weight loss accompanied 
by a high risk of disability, incidents of falls, hospitalization and 
mortality [7]. Phase Angle (PA) is one of the most established 
Bioelectrical Impedance (BIA) raw parameters for clinical prognosis 
because it is strongly associated with cellular health, specifically 
with changes in cell membrane integrity and altered fluid balance. 
AF expresses changes in tissue quantity and quality (cell membrane 
permeability and tissue hydration).

Evidence suggests that PA is associated with body muscle mass 
as well as handgrip strength. Therefore, it was suggested that this 
parameter could offer an indirect assessment of the functional 

status of individuals. It was shown that people with a higher 
level of physical activity have higher PA values when compared to 
individuals who have a lower level of activity, regardless of their 
health status [8]. Individuals with acute or chronic diseases tend 
to have lower PA values than healthy subjects, as factors such as 
infection, inflammation or specific mechanisms of each disease 
can harm cellular health [8]. An important number of studies have 
highlighted the prognostic role of PA in various health states and 
morbid conditions, such as cancer, Alzheimer’s disease, kidney 
disease, human immunodeficiency virus infection, chronic lung 
disease and sarcopenia, as well as in hospitalized patients in 
general. Lower PA values may indicate the presence or worsening 
of a disease, as well as death or degradation of the selective 
permeability of the cell membrane. Low FA values appear to be 
a prognostic factor that predicts mortality in patients with liver 
cirrhosis, chronic obstructive pulmonary disease, hemodialysis and 
cancer [8].

Materials and Methods
Cross-sectional and analytical study with elderly patients 

with chronic kidney disease undergoing conservative treatment, 
followed at the CKD outpatient clinic of the Hospital das Clínicas 
of the Federal University of Pernambuco, from April to October 
2019. 58 elderly people aged 60 participated. years or more, of both 
sexes. The following inclusion criteria were considered: patients 
aged ≥ 60 years; regularly monitored at the CKD outpatient clinic 
for a period of more than 3 months; classified in CKD stages G3 
to G5. Exclusion criteria were patients reporting hospitalization 
in the last 6 months or acute infection in the month prior to the 
study, having chronic liver disease, decompensated heart failure or 
acquired immunodeficiency syndrome, and being in a wheelchair 
and/or with limited mobility and/or amaurosis bilateral.

Elderly people treated at the CKD outpatient clinic at Hospital 
das Clínicas at UFPE were invited to participate in the research and 
sign the informed consent form (ICF). Data collection only started 
after the patient’s consent. CKD was defined according to the kidney 
disease: Improving Global Outcomes (KDIGO) criteria [9], and the 
estimated glomerular filtration rate (eGFR), using the Chronic 
Kidney Disease Epidemiology Collaboration CKD equation -EPI 
[10], was used to determine the stage of chronic kidney disease.

Demographic data (age, sex at birth, self-reported skin 
color) and etiologies of CKD (Systemic Arterial Hypertension, 
Diabetes Mellitus, Chronic Tubulo-Interstitial Nephritis, Chronic 
Glomerulonephritis, Autosomal Dominant Polycystic Kidney 
Disease) were collected from the patients’ records. the term “other 
causes” when there was no information on the probable etiology of 
CKD). The level of physical activity of elderly people was assessed 
through the application of the International Physical Activity 
Questionnaire (IPAQ), short version [11], with the participant 
classified as sedentary, irregularly active, active or very physically 
active. Body mass index (BMI) was calculated by dividing weight 
(in kilograms) by height (in meters) squared. This is the index 
recommended by the WHO to assess an individual’s nutritional 
status. Overweight was considered when BMI ≥ 27kg/m.
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The Handgrip Strength Test was used to assess muscle strength, 
carried out with a dynamometer (Baseline®, NexGen Ergonomics, 
Inc., Quebec, Canada). This procedure was performed 3 times in a 
row, with an interval of 30 seconds between executions, and the 
highest value obtained in the 3 measurements was considered 
for analysis, with maximum force greater than 16 kg for women 
and 27 kg for men being normal [12]. To evaluate the muscular 
performance of elderly people, the 6-meter fast walk test was used. 
Walking speed was calculated in meters per second (m/s), dividing 
the distance of six meters covered by the time measured in seconds. 
Gait values ≤ 0.8m/s were considered altered (CRUZ-JENTOFT et 
al., 2010). Patients underwent venous blood collection to read 
plasma levels of pro- and anti- inflammatory cytokines: IL-2, IL-4, 
IL-6, IL-10, IFN-γ and TNF-α.

The patients’ history of comorbidities was calculated using the 
Charlson Index (CI) developed by Charlson et al., 1987, which also 
assesses the patient’s percentage risk of death within 10 years. 
The index was calculated based on available clinical information 
in the patient’s medical record used in the CKD outpatient clinic. 
Body composition was assessed using an Octopolar BIA device 
(seca mBCA 525; seca gmbh & co. kg, Hamburg, Germany) that uses 

the 4-body compartment model [13]. The Phase Angle (AF) is a 
parameter obtained from Bioelectrical Impedance Analysis (BIA), 
derived from the relationship between resistance (R) and reactance 
(Xc) measurements, related as a prognostic index and nutritional 
indicator.

Results
Fifty-eight elderly people of both sexes participated in the 

study, divided into 2 age groups, 36 (62.1%) aged between 60 
and 69 years old and 22 (37.9%) aged 70 years or over. (Table 1) 
shows the characteristics of the study participants, according to age 
group, and the following characteristics: a) demographic: in both 
age groups, female gender, brown skin color, sedentary lifestyle 
and overweight/obesity predominated; b) the strength test (hand 
grip) and physical activity performance (fast walking test) were 
normal in both age groups; c) regarding clinical characteristics, 
the Charlson index was low in both age groups; most prevalent 
comorbidities related to the etiology of CKD were type 2 diabetes 
mellitus and systemic arterial hypertension; As for the stage of CKD, 
in both groups stage 4 prevailed, followed by 5 and, finally, 3. There 
was no statistical significance related to any of these variables.

Table 1: Demographic characteristics, BMI, strength test, clinical performance and clinical aspects of study participants according to age group.

Age (years)

Variables 60-69 n(%) 70 ou + n(%) p-value

Sex    

Female 19 (52,8) 14(63,6) 0,418 *

Male 17 (47,2) 8 (36,4)  

skin color    

White 17 (47,2) 8 (36,4) 0,717 **

Brown 18 (50,0) 13 (59,1)  

Black 1 (2,8) 1 (4,5)  

BMI (Overweight/ Obesity)    

Yes 24 (66,7) 14 (63,6) 0,814 *

No 12 (33,3) 8 (36,4)  

Etiology of CKD    

Arterial hypertension 16 (44,4) 11 (50,0) 0,681 *

Diabetes Mellitus 22 (61,1) 13 (59,1) 0,879 *

Glomerulonephritis 3 (8,3) 0 (0,0) 0,281 **

Chronictubulointerstitialnephritis 5 (13,9) 2 (9,1) 0,698 **

Autosomal polycystic kidney disease Dominate 2 (5,6) 1 (4,5) 1,000 **

Other 1 (2,8) 2 (9,1) 0,511 **

Fast walking test    

Normal 31 (86,1) 18 (81,8)  

Changed 5 (13,9) 4 (18,2)  

Charlson Index    

Light 17 (47,2) 10 (45,5) 0,617 *
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Moderate 11 (30,6) 9 (40,9)  

High 8 (22,2) 3 (13,6)  

IPAQ    

Sedentary 35 (97,2) 22 (100,0) 1,000 **

Active 1 (2,8) 0 (0,0)  

Hand Grip Test    

Normal 23 (63,9) 13 (59,1) 0,715 *

Changed 13 (36,1) 9 (40,9)  

CKD Internship    

3 8 (22,2) 2 (9,1) 0,079 *

4 17 (47,2) 17 (77,3)  

5 11 (30,6) 3 (13,6)  

(*) Chi-square (**) Fisher’s exact

Graph 1 shows the behavior of the Phase Angle in each of the 
groups. It is observed that this component is obtained through BIA 
and presented values below normal in both groups and more ac-

centuated in the older group. This difference was statistically sig-
nificant (p=0.040).

Graph 1: Phase Angle Classification according to age group.

Table 2 shows the values of gamma interferon, tumor necrosis 
factor and interleukins (10, 6, 4 and 2). All presented levels above 

normal in both groups selected by chronological age, but IL-6 was 
statistically significant, as it was higher in the older group.
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Table 2: Median cytokine values in each age group.

Age (years)

Variables 60-69 Mediana (P25; P75) 70 ou + Mediana (P25; P75) p-value

IFN-γ pg/ml 62,90(44,65; 84,95) 58,15(45,95;75,13) 0,423

TNF pg/ml 55,00(25,63; 76,80) 57,95 (34,55;74,23) 0,968

IL-10 pg/ml 64,95(45,48;90,05) 62,65 (54,45;80,95) 0,917

IL-6 pg/ml 62,10(41,98;103,53) 89,70 (62,78;107,80) 0,038

IL-4 pg/ml 27,75(13,63; 55,48) 38,30 (24,25; 68,75) 0,441

IL-2 pg/ml 37,30(23,60; 57,58) 49,05 (31,03;57,48) 0,486

Albumin (ng/dl) 4,40(4,03; 4,50) 4,30 (4,05; 4,50) 0,300

Vitamin D3(ng/dl) 31,00(25,00; 36,70) 28,95 (24,50; 37,45) 0,935

(*) Mann-Whitney

Discussion
The profile of patients in the present study presents 

epidemiological agreement with the current literature that 
addresses the subject of CKD, since females had a higher prevalence 
in the age groups studied. The majority of patients in this study 
(65.5%) have a high BMI, which is in line with the well- established 
association between overweight/obesity and CKD. It is important, 
in this context, to highlight that obesity is an independent risk factor 
for CKD. It is known that obesity induces pathophysiological changes 
that contribute to kidney damage. The accumulation of lipids in 
macrophages can alter the phenotype of these cells and favor the 
emergence of a pro- inflammatory environment responsible for the 
pathophysiological changes in the kidney associated with obesity.

Several pro-inflammatory cytokines produced by adipose 
tissue and inflammatory cells have been linked to obesity-
induced kidney damage. Among these mediators, the plasminogen 
activation inhibitor-1 (PAI-1), the chemokine MCP-1 and resisting 
deserve mention. Circulating levels of these cytokines are increased 
in patients with metabolic syndrome and are related to insulin 
resistance, increased circulating lipoproteins, atherogenesis and 
thrombogenesis, effects that directly or indirectly affect renal 
structure and function. In this context, [14] showed that increased 
expression of PAI-1, induced in adipose tissue and glomerular cells 
of obese patients, is an independent risk factor for renal fibrosis 
by inhibiting local degradation of the extracellular matrix and 
recruiting inflammatory cells.

Another mechanism probably involved in triggering CKD 
in obese patients is the increased formation of reactive oxygen 
species. High cholesterol levels can stimulate the production of 
superoxide, which in turn contributes to kidney dysfunction seen 
in obese patients. Oxidative stress, inflammation and secondary 
endothelial dysfunction favor the onset and progression of CKD 
[15]. A sedentary lifestyle, in turn, was present in 98.3% of the study 
sample, which contributes to the high BMI already highlighted. 
Given this, it is valid to state that physical inactivity is strongly 
related to the incidence and severity of a vast number of chronic 

diseases, such as hypertension and DM, which were the most 
prevalent etiologies of the patients in this study. Physical exercise 
has been seen as an important ally, representing a fundamental 
adjunct in the treatment of these patients [16].

It is also important to highlight that DM leads to CKD through 
hyperglycemia itself, which causes an increase in growth factor, 
angiotensin II, endothelin, and advanced glycation end products, 
which contribute to the hyperfiltration effect. As a result, capillary 
pressure increases and, thus, there are changes in the glomerulus, 
including thickening of the basement membrane, expanded 
mesangium, increased extracellular matrix and eventual fibrosis. As 
the kidney develops these changes, albuminuria develops, which is 
a risk factor for cardiovascular disease [17]. Hypertensive changes 
in the kidneys occur through a slightly different mechanism, which 
consists of the loss of the usual autoregulation of the afferent 
arteriole leading to hyperfiltration and, in response, the afferent 
arteriole undergoes vascular changes. As hyperfiltration persists, 
there is more damage and worsening of hypertension, both at the 
systemic and glomerular levels, perpetuating the cycle of insult and 
injury, and glomerulosclerosis, atrophy and/or necrosis may occur 
[17].

The present study also corroborated the importance of 
interleukins in aging, with emphasis on IL-6, since its increase in the 
elderly population was statistically significant, with an increasing 
value with advancing age. It can be stated that this fact is a reflection 
of the “Inflammaging” process, which is characterized as an 
imbalance between pro- and anti- inflammatory mechanisms, due 
to an increasing increase in the inflammatory status. This process, 
which occurs with greater intensity as you age, is characterized 
by an increase in inflammatory cytokines and protein catabolism, 
contributing to the loss of muscle mass, in addition to a decrease 
in the quantity and quality of neurons that control the muscle and, 
thus, they generate a loss of muscle strength [18].

In addition to the aging process, the presence of CKD in the 
patients in this study, as a chronic disease, also contributes to an 
increase in inflammatory cytokines, a fact corroborated by several 
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clinical studies that address inflammation in the pathophysiology 
of CKD. This chronic inflammatory state observed in CKD is 
associated with elevated serum levels of acute phase inflammatory 
proteins, such as C-reactive protein (CRP), and a variety of immuno- 
inflammatory mediators, such as cytokines, components of the 
complement system, prostaglandins and leukotrienes. Thus, the 
measurement of circulating levels of CRP, immuno-inflammatory 
mediators, as well as the evaluation of polymorphisms in the genes 
that encode these immuno-inflammatory mediators have shown 
that patients with CKD present a pro- inflammatory phenotype that 
becomes more pronounced as in which kidney damage continues 
towards its terminal stage [15].

Specifically in renal tissue, cytokines induce local proliferation 
of tubular and interstitial cells, synthesis of extracellular matrix, 
procoagulant activity of the endothelium, formation of reactive 
oxygen species and increased expression of adhesion molecules 
and biologically active lipids [15]. IL-6, a pro-inflammatory cytokine 
produced by several cells including monocytes and renal mesangial 
cells, induces the differentiation of B lymphocytes into antibody-
producing cells and the production of acute phase proteins such 
as CRP and fibrinogen. Furthermore, this cytokine stimulates the 
proliferation of mesangial renal cells and plays a fundamental role 
in mesangial proliferative glomerulopathy [15].

The present study also highlighted the statistical value for PA 
in the population sample, as it showed statistical significance in 
reducing its value with greater intensity in the older age group. This 
measure has been gaining notoriety due to its easy handling and 
because it is a very objective method, in addition to representing 
a predictive index of the patient’s general health status, mainly 
muscle quality, being directly related to muscle strength, with 
greater value in athletes and lower in sarcopenic individuals 
[19]. PA values change according to gender and age. Men tend 
to have greater value, probably due to their body constitution, 
which reduces resistance and facilitates the passage of electrical 
current, which does not occur among women, who tend to create 
greater resistance and opposition to the flow generated by the 
BIA, due to their constitution. physiological body. PA values also 
tend to decrease with advancing age, a fact that is related to the 
physiological processes evidenced during aging, such as the 
reduction in muscle mass, changes in body composition, changes in 
the distribution of body water, as well as increased variability in cell 
size and reduction in cell capacitance [20].

The decrease in PA values with aging may suggest that PA is an 
indicator of function and general health, and not just an indicator 
of body composition or nutritional status [21]. In view of this, it 
is worth stating that the results of the present study are relevant, 
as it solidifies the incorporation of PA in the clinical-nutritional 
assessment protocol of elderly people and can be an early indicator 
of general health and monitoring of body composition disorders. An 
important number of studies have highlighted the prognostic role 
of PA in various health states and morbid conditions, such as cancer, 
Alzheimer’s disease, kidney disease, human immunodeficiency 
virus infection, chronic lung disease and sarcopenia, as well as in 
hospitalized patients in general. Lower PA values may indicate the 

presence or worsening of a disease, as well as death or degradation 
of the selective permeability of the cell membrane. Low FA values 
appear to be a prognostic factor that predicts mortality in patients 
with liver cirrhosis, chronic obstructive pulmonary disease, 
hemodialysis and cancer [8].

Conclusion
Elderly people aged 70 years or over had higher levels of 

interleukin 6, when compared to the age group between 60 and 69 
years. There was no statistically significant difference between the 
age groups regarding the levels of other cytokines (IL-2, IL-4, IL-10, 
IFN-γ and TNF-α). The group aged 70 or over had a lower phase 
angle value in bioelectrical impedance, emerging as a potential 
biomarker of biological age, allowing the assessment of muscular 
strength and physical fitness, making it even possible to generate 
a prognostic indicator. In relation to other markers of strength and 
performance (grip strength, gait speed) the groups were similar.
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