
2356-8062 © 2015 Egypt J Obes Diabetes Endocrinol DOI: 10.4103/2356-8062.159984

Original article 7

Introduction
Aging is the process of becoming older, a process that is 
genetically determined and environmentally modulated. 
Time modifi es many biologic processes. Aging is 
characterized by progressive and broadly predictable 
changes that are associated with increased susceptibility 
to many diseases. Aging is not a homogenous process. 
Rather, organs in the same individual age at diff erent 
rates infl uenced by multiple factors including genetic, 
lifestyle choices, and environmental exposures [1].

Aging theories

Th e traditional aging theories hold that aging is not 
an adaptation or genetically programmed. Modern 
biological theories of aging in humans fall into two 
main categories: the programmed theory has three 
subcategories: programmed longevity, endocrine 

theory, and immunological theory. Th e damage or error 
theory includes wear and tear theory, rate of living 
theory, cross-linking theory, free radicals theory, and 
somatic DNA damage theory [2].

Aging process
Musculoskeletal system

Skeletal muscle fibers become smaller in 
diameter and less elastic because of decreasing 
number of  myofibrils associated with increasing 
amounts  of  fibrous connective tissue, a process 
called fibrosis.

Reduction in the number of muscle capillaries is a 
factor that can alter muscle strength as it reduces blood 
fl ow to active muscles and consequently decreases 
oxygen and nutrients supply and removal capacity for 
metabolites [3].
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Age-related apoptotic motor neuron loss is proposed to 
directly attenuate strength, rate of force development, 
and muscular power, and eventually leads to a decrease 
in muscle fi ber number [4].

Th e ability to recover from muscular injuries decreases 
as the number of satellite cells steadily decreases with 
age and the amount of fi brous tissue increases. As a 
result, when an injury occurs, repair capabilities are 
limited. Scar tissue formation is the usual result [5], 
all this resulting in decreased tolerance for exercise [6].

Muscle protein metabolism in the elderly
Net protein balance is defi ned as the diff erence 
between skeletal muscle protein synthesis (MPS) and 
breakdown (MPB). Th us, a signifi cant increase in MPS 
(anabolism) and/or a reduction in MPB (catabolism), 
such that net protein balance remains positive, can result 
in the accretion of skeletal muscle proteins. Conversely, 
in the elderly, a negative net protein balance, arising 
from a reduction in MPS and/or an increase in MPB, 
will result in a loss of skeletal muscle protein [7].

Only overloading of muscle with weight-lifting exercise 
(resistance training) may prevent losses of muscle mass 
(and also strength) in older individuals depending on 
the individual’s characteristics and intensity of the 
program [8].

Sarcopenia as a geriatric syndrome
What is sarcopenia?

Sarcopenia is a syndrome characterized by progressive 
and generalized loss of skeletal muscle mass and strength, 
with an impaired state of health, increased risk of falls 
and fractures, impaired ability to perform activities 
of daily living, disabilities, loss of independence, and 
increased risk of death. Th e European Working Group 
on Sarcopenia in Older People (EWGSOP) developed 
a practical clinical defi nition and consensus diagnostic 
criteria for age-related sarcopenia [9].

Criteria for the diagnosis of sarcopenia: [10]

Diagnosis is made on the basis of documentation of 
criterion 1 plus criterion 2 or criterion 3:

(1) Low muscle mass.
(2) Low muscle strength.
(3) Low physical performance.

Some have argued that the term dynapenia is better 
suited to describe age-associated loss of muscle 
strength and function. However, sarcopenia is already 
a widely recognized term; thus, replacing it might lead 
to further confusion [11].

Mechanisms of sarcopenia
Sarcopenia categories and stages

Sarcopenia can be considered ‘Primary’ (or age-related) 
when no other cause is evident but aging itself, whereas 
sarcopenia can be considered ‘Secondary’ when one or 
more other causes are evident (Fig. 1).

Th e ‘presarcopenia’ stage is characterized by low muscle 
mass without impact on muscle strength or physical 
performance. Th is stage can only be identifi ed by 
techniques that measure muscle mass accurately.

Th e ‘sarcopenia’ stage is characterized by low muscle 
mass, and low muscle strength or low physical 
performance.

‘Severe sarcopenia’ is the stage identifi ed when all three 
criteria of the defi nition are fulfi lled (low muscle mass, 
low muscle strength, and low physical performance). 
Identifi cation of stages of sarcopenia may help in 
selecting treatments and setting appropriate recovery 
goals [11].

Immune system

Aging of the immune system, particularly the 
dysregulation of T-cell function, appears to be partly 
responsible for the comorbidities presented by the 
elderly population, although it is possible that exercise or 
lifestyle acts to prevent or treat immunosenescence [12] 
that results from the accumulation of molecular and 
cellular defects because of oxidative damage and 
thymic involution [13].

Oxidative stress and the molecular infl ammatory 
theory of aging
Th e molecular infl ammatory theory of aging has been 
proposed implicating reactive oxygen and nitrogen 

Causes of sarcopenia[10].

Figure 1
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species and proinfl ammatory molecules as key players 
in the aging process [14]. Increases in oxidative 
stress with aging may also contribute toward the 
development of chronic infl ammation that is related to 
atherosclerosis and insulin resistance [13].

A low-level increase in circulating proinfl ammatory 
cytokines such as interleukin-6 and tumor necrosis 
factor-α (TNF-α), and acute-phase proteins such as 
C-reactive protein (CRP) and serum amyloid A is 
defi ned as low-grade infl ammation, typically in the 
elderly, even in the absence of chronic disease [15].

Tumor necrosis factor-α
TNF-α is one of the main inducers of the acute-phase 
response, playing an important role in alterations of 
muscle protein metabolism [16]. TNF is produced 
predominantly by activated macrophages, mast cells, 
T and B lymphocytes, natural killer cells, neutrophils, 
endothelial cells, smooth and cardiac muscle cells, 
fi broblasts, and osteoclasts. As a regulatory cytokine, 
TNF orchestrates communication between immune 
cells and also controls their functions [17].

Many of the proinfl ammatory eff ects of TNF can be 
explained on the basis of TNF’s eff ects on vascular 
endothelium and endothelial leukocyte interactions. 
In response to TNF, endothelial cells promote 
infl ammation by displaying diff erent combinations of 
adhesion molecules for leukocytes, including E-selectin, 
intercellular adhesion molecule-1, and vascular cell 
adhesion molecule-1. TNF-induced expression 
of cyclo-oxygenase 2 can increase extracellular 
production of vasodilatory prostaglandins 2, resulting 
in vasodilatation and also TNF-induced expression 
of procoagulant proteins, such as tissue factor, and 
downregulation of anticoagulant protein, such as 
thrombomodulin; thus, TNF can cause intravascular 
thrombosis [18].

C-reactive protein

CRP is a very useful nonspecifi c biochemical marker of 
infl ammation [19]. It has several functions associated 
with host defense. A major function of CRP is as a 
component of the innate immune system as it promotes 
agglutination, bacterial capsular swelling, phagocytosis, 
induction of infl ammatory cytokines in monocytes, and 
complement fi xation through its calcium-dependent 
binding to phosphorylcholine [20].

Th e amount of CRP produced by the body varies 
from individual to individual, and this is aff ected by an 
individual’s genetic factors and lifestyle. Higher levels 
are found in late pregnant women, active infl ammation, 
bacterial infection, tissue injury (postoperation), 

trauma, and burns. Smoking and obesity are correlated 
positively with CRP levels, whereas exercise [21], 
weight loss, cessation of smoking, and medications 
such as statins, niacin, and fi brates decrease CRP 
values [19].

Th e diurnal variation: CRP values show no diurnal 
variation and are unaff ected by eating. Only liver 
failure impairs CRP production [22]. Th e half-life of 
CRP is constant under all conditions of health and 
disease. Th erefore, the CRP level is mainly determined 
by the rate of production (and hence the severity of the 
precipitating cause) [23].

Lifestyle interventions such as exercise training and 
dietary modifi cations may provide a low-cost and 
long-term alternative to limit infl ammation and slow 
declines in the elderly [24].

Physical activity
Sedentary living has assumed epidemic proportions in 
the industrialized world and therefore regular physical 
activity (PA) is one of the most main nonpharmaceutical 
important modifi able factors that determine the risk of 
chronic morbidity and mortality in the population in 
general [25]. Th e concept of successful aging is the fi rst 
line of a preventive approach of care for older individuals. 
Moderate but regular PA is associated with a reduction 
in total morbidity among older individuals [26].

Categories of physical activity
Physical therapy for the elderly may be classifi ed into 
three categories: fi rst, prevention or restoration of the 
sequelae of disuse in healthy elderly individuals; second, 
prevention or restoration of the sequelae of disuse in 
the acute and chronically ill; and third, rehabilitation of 
functional losses caused by trauma and disease [27,28].

Resistance exercise
Resistance exercise is generally recommended as the 
preferred approach to elicit improvements in muscular 
hypertrophy and strength adaptations. Following 
even short-term resistance exercise interventions, 
aging adults may expect improvements in protein 
synthesis  [29]. However, low-intensity treadmill 
walking seems to abolish the age-related insulin 
resistance of MPS. Th ese data are promising because 
they show that the intensity of contraction required 
to improve skeletal muscle anabolic sensitivity may be 
relatively low. Th us, the strategy is to encourage the 
elderly to maintain daily habitual PA [30].

Current guidelines for PA in older adults have been 
developed by the American College of Sports Medicine 
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and American Heart Association. Th ese ‘minimum’ 
recommendations call for ‘muscle-strengthening 
activity’ to be performed 2 or more nonconsecutive 
days per week using a single set of 8–10 resistance 
exercises for the entire body [31].

Th ere is evidence that exercises can both cause 
and attenuate infl ammation. Acute, unaccustomed 
exercise can cause muscle and connective tissue 
damage, especially if performed at high intensities 
and for prolonged durations. Th is typically manifests 
as delayed-onset muscle soreness that is preceded by 
microstructural skeletal muscle damage, infl ammatory 
cell infi ltration, and increase in muscle-specifi c creatine 
kinase isoforms. Th is damaging response is attenuated 
if exercise is performed repeatedly as the tissue adapts 
to the new overload stress [32].

Contraindications of exercise
Contraindications of exercise in older adults are 
not diff erent from those applicable to younger 
healthier adults. In general, frailty or extreme age 
is not a contraindication to exercise, although the 
specifi c modalities may be altered to accommodate 
individual disabilities and acute illnesses, particularly 
febrile illnesses, undiagnosed or unstable chest pain, 
uncontrolled diabetes, and hypertension, irrespective 
of exercise status [33].

Regular PA is recommended, and generally considered 
to be an important strategy, for the reduction or 
prevention of functional decline with aging. In addition, 
PA reduces the risk of disease and has a benefi cial eff ect 
on the impact of a large number of chronic diseases and 
the functional consequences and multimorbidity [34].

Aim of the study
Th e aim of this work is to study the level of TNF-α and 
CRP before and after programmed resistance exercise 
in Egyptian elderly individuals.

Participants and methods
Th is study was carried out on 30 elderly individuals 
ranging in age from 60 to 78 years and of both sexes 
with no history of any systemic metabolic diseases such 
as diabetes, hypertension, and hepatic or renal diseases. 
Th e participants were attending the Department of 
Physical Medicine, Rheumatology and Rehabilitation 
in El Hadara Alexandria University Hospital.

After an assessment of full medical history of the 
selected participants, complete clinical examination, 

ECG, and routine laboratory investigations (complete 
blood picture, random blood sugar, and renal functions 
tests) were performed. Other infl ammatory markers 
(TNF-α and CRP) were measured twice before and 
after regular resistance exercise training (RET).

Tumor necrosis factor-α [35]
TNF-α was assessed by high-performance immunoassays 
‘Human TNF-alpha’ using eBioscience Platinum ELISA 
(San Diego, California). Expected values: normally there 
were no detectable human TNF-α levels found.

Quantitative C-reactive protein [36]
CRP was assessed using the cardio phase ‘hs-CRP’. 
BN Π/BN ProSpec System. Reference interval: 
expected values for healthy individuals are typically up 
to 3 mg/dl.

Resistance exercise training

Exercise protocol: Th e exercise sessions were 
performed three times per week for 4 weeks and 
involved low-intensity RET performed for both 
upper and lower limbs. RET sessions involved the 
following: a warm-up period (5 min) on a selective 
bicycle ergometer (Bike-Max) at low intensity; 
specifi c resistance training period: 30 min of exercises 
performed using elastic bands and dumbbells; and a 
cool-down period (5 min).

Th e exercise consisted of the following:

(1) Resistance training for dorsifl exors (a cable is 
attached to the foot from the fl oor and the thigh 
is raised).

(2) Front traction (a horizontally drawn cable is 
grasped and stretched forward).

(3) Vertical traction (a cable is grasped from above 
and stretched downward) [37].

Statistical analysis of the data: [38]
Data were fed to the computer and analyzed using 
the IBM SPSS software package, version 20.0 [39]. 
Comparison between the diff erent periods was 
performed using the Wilcoxon signed ranks test. 
Correlations between two quantitative variables were 
assessed using the Spearman coeffi  cient. Th e signifi cance 
of the results obtained was determined at the 5% level.

Results
Demographic data
 In our study, the 30 elderly subjects included 11 males 
(36.7%) and 19 females (63.3%), their age ranged from 
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60-78 years with mean age value 66.17 ± 5.57 as there 
are 17 subjects (56.7%) between 60-65 years; 7 subjects 
(23.3%) between 66-70 years;and 6 subjects (20%) 
above 70 years old. Among the elderly subjects, there 
were 17 worker (56.7%) and 13 non-workers (43.3%); 
also 24 subjects were non smokers (80%) and 6 only 
were  smokers (20%).

Clinical assessment of the participants studied 
(diagnosis)

Among the 30 individuals selected in this study, 21 were 
diagnosed with postimmobilization stiff ness (70%), 
six others were diagnosed to have knee osteoarthritis 
(20%), and only one individual had a previous 
medical history of medial leminescus tear (3.3%); 
another participant had been diagnosed with carpal 
tunnel syndrome (3.3%) and fi nally one participant 
complained of chronic low back pain because of old 
disc prolapse (3.3%) (Table 1).

Laboratory fi ndings in the participants studied 

Complete blood picture, random blood sugar, and renal 
function tests were within the normal range.

Serum level of specifi c infl ammatory markers
Tumor necrosis factor-α (n = 29)

After excluding one participant because of the extreme 
unexplained level of TNF-α, 26 pg/ml, the TNF-α 
level ranged between 0 and 10.4 pg/ml before exercise 
and between 0 and 8.6 pg/ml after the  RET. Th e mean 
value was 3.07 ± 3.06 and 2.23 ± 2.37 pg/ml before 
and after exercise trai ning, respectively. Th is diff erence 
was statistically signifi cant (P = 0.036), P  up to 0.05 
(Table 2 and Fig. 2).

C- reactive protein

Th e CRP level ranged between 1.83 and 2 5.2  mg/l 
before RET and between 0.6 and 51 mg/l after exercise 
training. In our selected individuals, the mean  value was 
6.57 ± 5 and 6.03 ± 8.84 mg/l before and after RET, 
respectively. Th is diff erence was statistically signifi cant 
(P = 0.009), P up to 0.05 (Table 3 and Fig. 3).

Discussion
We found in this study that, after exposure of the 
participants to 4 weeks of programm ed RET, there 
was a signifi cant decrease in both the TNF-α level 
and the serum CRP  level (P = 0.036 and 0.009), 
respectively, compared with the previous starting level 
measured before the exercise in the same  individuals. 
Th is indicates that RET represents a low-cost strategy 
that reduces age-related infl ammation by  decreasing 
the infl ammatory markers and may thus improve the 
quality of life in older adults.

Levels of TNF-α before and afte r resistance exercise training. CRP , 
C-reactive protein; TNF-α, tumor necrosis factor-α.

Figure 2

Figure 3

Levels of CRP before and after resistance exercise training. CRP, 
C- reactive protein; TNF-α, tumor necrosis factor-α.

Table 1 Distribution of the participants studied according 
to demographic data 

Demographic data N (%)

Sex

Male 11 (36.7)

Female 19 (63.3)

Age (years)

60–65 17 (56.7)

66–70 7 (23.3)

>70 6 (20.0)

Minimum–maximum 60.0–78.0

Mean ± SD 66.17 ± 5.57

Median 65.0

Occupation

Worker 17 (56.7)

Nonworker 13 (43.3)

Habits

Nonsmoker 24 (80.0)

Smoker 6 (20.0)
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In partial agreement with this study, Ogawa et al. [40]  
studied 21 elderly women, mean age 85 ± 4.5 years, 
who h ad participated in RET sessions at least once 
per week for 12 weeks. Th e exercise program involved 
low-intensity resi stance exercise. Th e duration of each 
exercise session was ∼40 min consisting of foot press, 
fro nt traction, vertical traction, and shoulder press 
performed on Kinesis  devices. Circulating levels of 
CRP and TNF-α were measured before and after the 
exercise training. Ogaw aand colleagues found that 
RET led to a signifi cant reduction in the CRP level 
(P < 0.05) and nonsignifi cant  changes in the TNF-α 
level. Th ese results suggest that even low- intensity 
exercise is benefi cial for sedentary elderly individuals 
as it induced a reduction in infl ammator y markers and 
cytokine levels.

Th is is consistent with the study of Griewe et al. 

[41], who studied the TNF-α level in muscles of 
eight elderly subjects (81±1 year old) underwent 
skeletal muscle biopsies before and after 12 weeks of 
resistance exercise program. Th ey found that muscle 
TNF-α mRNA and protein levels de creased after 
RET and the MPS rate was inversely related to the 
levels of TNF-α protein.  Th ese data suggest that 
TNF-α contributes toward age-associated muscle  
wasting and that resistance exercise may attenuate 
this process by suppressing skeletal muscle TNF-α 
express ion.

Similarly, Moreno et al. [42] studied the serum CRP 
level in a group of 120 sedentary older Latino adults, 
with high rat es of sedentary lifestyle, before and after 
PA. Th ey found that the increased PA was associated 
with improvements in infl ammat ory markers. 
Moreover, changes in self-reported PA level correlated 

inversely with decreases in the  serum CRP level 
(P = 0.03).

Similarly, an increase in infl ammatory cytokine levels 
in plasma is associated with a reduct ion in physical 
performance and independence in the elderly. Th is was 
the conclusion of the Pereira et al. [43] study, which 
included 451  elderly women aged 65 years or older. 
Participants were allocated to muscle-strengthening 
exercise (resistance) and aerobic exercise groups. Both 
protocols lasted 1 0 weeks and included 30  sessions 
performed three times per week. Th ere  was a signifi cant 
correlation between TNF-α levels and the eff ect 
of exercise on physical performance in the elderly 
women irrespective of th e exercise type as TNF-α was 
decreased signifi cantly (P = 0.001).

Another study was carried out and reported results 
that were not in agreement with this study. Hammett 
et al.  [44] recruited 30 healthy elderly individuals 
ranging in age from 60 to 85 years. After 6 months 
of regular resistance exercise, the level of CRP 
(P = 0.3) did not show any signifi cant change despite 
a signifi cant improvement in their cardiorespiratory 
fi tness. Alternatively, the cumulative eff ect of exercise 
may infl uence serum CRP levels over the course of 
many years, although not by shorter term changes in 
exercise levels.

Conclusion
From the previous discussion, it can be concluded that:

(1) Increases in circulating levels of proinfl ammatory 
cytokines such as TNF-α and acute-phase 
proteins such as CRP were typical in the elderly, 
even in the absence of chronic disease.

(2) Exercise has a benefi cial eff ect, as evidenced by 
a statistically signifi cant decrease in CRP and 
TNF-α after 1 month of RET in participants of 
both sexes.

(3) Maintenance of moderate but regular PA is 
associated with a reduction in total morbidity 
among older individuals.

Recommendations
Long-term and regular but nonstrenuous PA, even 
30 min of activity over the course of the day, is an 
important strategy for the reduction or prevention of 
functional decline with aging.
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 T able 3 Levels of CRP before and after resistance exercise 
training

CRP Before exercise After exercise

Minimum–maximum 1.83–25.22 0.62–51.0

Mean ± SD 6.57 ± 5.0 6.03 ± 8.84

Median 4.70 3.36

Z (P) 2.597* (0.009*)

CRP, C-reactive protein; Z, Z for Wilcoxon signed ranks test; 
*Statistically signifi cant at P ≤ 0.05.

Table 2 Levels of TNF-α before and after resistance exercise 
training

TNF-α Before exercise After exercise

Minimum–maximum 0.0–10.40 0.0–8.60

Mean ± SD 3.07 ± 3.06 2.23 ± 2.37

Median 2.20 1.40

Z (P) 2.099* (0.036*)

n = 29; TNF-α, tumor necrosis factor-α; Z, Z for Wilcoxon signed 
ranks test; *Statistically signifi cant at P ≤ 0.05.
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