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Abstract
Immune dysregulation is a common problem and immunosenescence plays a major role in the aged population. 

Many chronic inflammatory diseases have the same effect in the aged such as chronic HIV-treated patients, tuberculosis 
patients or those with chronic kidney disease. Chronic kidney disease patients have a high incidence of vascular 
calcification, accelerated atherosclerosis, loss of appetite, increased muscle catabolism, renal osteodystrophy, and 
a high prevalence of depression because of the dysregulation of the immune system. These patients have different 
immune system manifestations compared with aged individuals of the same age; moreover, many geriatric syndromes 
are observed in this group. This review is an analysis from the nephrology perspective on the relationship between 
chronic kidney disease and the immune system.
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Introduction
Chronic kidney disease (CKD) and end-stage renal disease (ESRD) 

are increasingly common diseases in the 21st century. CKD is defined 
according to the level of glomerular filtration rate (GFR) and/or the 
presence of pathological damage or markers of kidney damage such 
as proteinuria or hematuria for 3 months [1]. These diseases are 
frequently noted in the aging population. While discussing “aging”, 
the chronological age of patients must be considered. Many CKD and 
ESRD patients become biologically senescent despite their younger 
chronological age. Clinical acumen indicates that ESRD patients 
are generally biologically older than non-ESRD individuals with 
similar chronological ages. ESRD patients have significant immune 
dysregulation compared with the general population and subsequently, 
have a higher susceptibility to infection and a high incidence of 
malignancy and cardiovascular disease, and a poor response to 
vaccination [2-5].

As with HIV patients receiving long-term treatment, CKD patients 
remain at a higher than expected risk of numerous complications 
typically associated with aging, including cardiovascular disease, 
cancer, osteoporosis, and other end-organ diseases. These changes are 
consistent with some of the changes to the adaptive immune system and 
are likely related in part to persistent microinflammation [6]. Chronic 
inflammation, characterized by the increased serum levels of tumor 
necrosis factor (TNF)-α, interleukin (IL)-6, C-reactive protein (CRP), 
plasminogen activator inhibitor-1, and the presence of inflammatory-
related diseases, is commonly seen in aging and CKD patients. Both the 
dysregulation of immune cells and phenotypic changes in parenchymal 
cells may contribute to chronic inflammation. Moreover, senescent 
cells are an important source of inflammatory factors [7]. Here, we 
discuss CKD and ESRD patients-a different type of aging group-and 
immunosenescence in several body parts.

Aging and its Impact on the Kidney
Age-dependent biological changes can affect susceptibility and 

response of the kidney to injurious stimuli. The cellular changes in the 
aging kidney may diminish proliferative reserve, increase apoptosis, 
alter growth factor profiles, and change potential progenitor and 

immune cell functions [8]. Injury and loss of podocytes are leading 
factors of glomerular disease and renal failure. Autophagy, a critical 
homeostatic and quality control mechanism maintaining glomerular 
homeostasis, is noted in the aging kidney, particularly in the podocyte 
[9,10]. Interstitial renal fibrosis is a feature of the aging kidney and 
is the final common pathway for the development of ESRD that is 
characterized by proliferation and transformation of fibroblasts into 
myofibroblasts, deposition of fibronectin and collagens I and III into 
the interstitium, and microvascular rarefaction [11]. Aging comprises 
a permanent low-grade activation of the inflammatory system, 
dysfunctionality of T cells, defective natural killer cells, and atrophy 
of the thymus. In the kidney, the proinflammatory M1 macrophages 
are deleterious during the early phase of ischemia/reperfusion injury 
[12] although they may eventually transition to an anti-inflammatory
phenotype and subsequently exert important proreparative functions
[13]. Macrophages change their phenotype significantly with aging,
and their functional adaptability decreases [14]. An imbalance between 
the production of free radicals and antioxidant defenses of aging
affects the immune system. The formation of advanced glycation end
products (AGEs) can alter cell functions and cause a constantly and
inappropriately stimulate cells, leading to telomere shortening.

 Aging is associated with multiple changes in the proliferative 
and functional abilities of the immune system that are not related 
to any pathology, but are consequences in immunosenescence and 
inflammation. Age-related immunosenescence in the adaptive immune 
system has been extensively documented, particularly with regard to 
T-cell apoptosis [15,16]. Many studies demonstrate that dysregulation
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of cytokines is prevalent in the biological normal elderly patients and 
dialysis patients. Healthy aging adults have higher levels of IL-6, IL-
8, IL-10, and TNF-α; lesser levels of IL-1 in their plasma or serum 
[17]; and decreased IL-2 expression in T cells [18] than prematurely 
aging adults. In the aged population, a switch from a T helper (Th)-1 
cytokine response to a Th-2 cytokine response is found [19] and Th-
17 cells are significantly increased in older individuals, whereas levels 
of regulatory T cells (Treg) are reduced. The changes of the Th-17/
Treg ratios, in combination with altered cytokine expression during 
aging, may contribute to an imbalance between the pro-inflammatory 
and the anti-inflammatory immune response. This suggests a high 
susceptibility to inflammatory diseases with increasing age [20].

Immune Dysregulation in CKD Patients
 Uremia and its treatment can alter the immune system in 

hemodialysis patients [21]. Several factors influence immunity in these 
patients, such as uremic toxin, malnutrition, chronic inflammation, 
vitamin D-parathyroid hormone axis alternation, and therapeutic 
dialysis [22-24]. Many studies have shown that both naive and acquired 
immune systems are impaired in these patients. This condition 
involves the coexistence of chronic immune activation (persistent 
hypercytokinemia and acute-phase protein response) and chronic 
immune suppression (poor vaccination response and a high incidence 
of infection and malignancy). 

Monocytes and monocyte-derived dendritic cells of CKD patients 
have impaired endocytosis and maturation [25]. CKD patients also 
have lower percentages of peripheral CD4+ and CD8+ T cells and 
B cells in the blood [26]. Further, soluble B cell markers increase in 
CKD patients [27]; however, studies have also shown an increased 
incidence of apoptosis in B cells [28]. ESRD patients have increased 
apoptosis and diminished populations of naive and central memory 
T cells [29]. They also have impaired antigen-specific memory CD4+ 
T cells [30]. In dialysis patients, Th-1 lymphocytes have a decreased 
expression of the anti-apoptotic molecule Bcl-2, which makes the Th-1 
cells more susceptible to apoptosis [31]. The decline in levels of Th-1 
cells and enhancement of Th-2 differentiation has also been noted in 
CKD and dialysis patients [32-34]. Our previous study indicated that 
levels of Th-17 cells are increased and levels of Treg cells decreased 
in chronic hemodialysis (HD) patients (Lang CL et al., [33] 2013 in 
press). The functional imbalance of Th-17/Treg in uremic patients has 
been associated with the development of acute cardiovascular events, 
myocardial injury, and microinflammation [35,36]. In most CKD with 
type 2 diabetes patients, lots of circulating cytokines and acute phase 
proteins provides the immune dysfunction. The cardio-renal-metabolic 
risk factors, including the platelet-activating factor, acetylhydrolase, 
creatinine, thyroid stimulating hormone, acylation-stimulating 
protein, asymmetric dimethylarginine, and serum lipoprotein[Lp]
(a) are triggers of systemic low-grade inflammation and enhanced
autoimmune reactions [37]. In a large prospective cohort study also
showed that low high-density lipoprotein cholesterol and average
apolipoprotein A-I and Lp(a) concentrations implicating impaired
atheroprotective properties, especially in the women with the lowest
creatinine levels [38].

Pre-activated monocytes overproduce cytokines such as TNF-α, 
IL-1, IL-6, and IL-10 [39,40]. TNF-α and IL-1 are the major cytokines 
produced by activating the toll-like receptor (TLR) signaling pathway, 
the key receptor recognizing by the lipopolysaccharides (LPS) [41]. IL-
6, a pro-inflammatory cytokine, also plays the key role in atherosclerosis 
and protein-energy wasting and is elevated in CKD patients [42-44]. 

Serum IL-12 and IL-18 levels are increased in CKD patients, and both 
are correlated with the inflammatory process [45,46]. Furthermore, 
high levels of pro-inflammatory cytokines (IL-1, IL-6, and TNF-α) and 
low levels of anti-inflammatory cytokines (IL-4, IL-5, and CH50) are 
also found in hemodialysis patients [47]. 

In addition to uremic toxins, dialysis-related factors such as bio-
incompatibility with the hemodialysis dialyzer, endotoxins in the 
water, access–related infection, glucose degradation products in the 
peritoneal dialysis solution, and AGEs, all of which will induce chronic 
inflammation and activate the immune response. Together, these 
findings indicate that CKD patients have immune dysregulation at the 
cellular level and hypercytokinemia. Immunosenescence in chronic 
HD patients includes the loss of CD28 expression, a skewed immune 
repertoire to the Th-2 type, a deficient T cell-dependent immune 
response, and altered cytokine expression [2,16]. Nonspecific sequels 
of the aging process and HD such as oxidative stress and glycation 
may affect cells of the adaptive immune system [2,48,49]. Free radicals, 
AGEs, and oxidative stress are common in our chronic HD patients, 
and many studies have shown that their effects are attenuated in 
chronic HD patients [50,51]. Therefore, HD patients are also believed 
to be immunosenescent. 

Geriatric Syndromes in CKD Patients
In CKD patients, biological aging has many presentations [52]. 

First, accelerated aging is the exponential increase in mortality in 
dialysis patients when compared with the general population at similar 
chronological ages. An independent review of a large community-based 
population found that reduced estimated GFR was associated with the 
risk of death, cardiovascular events, and hospitalization [53]; Second, 
CKD patients have an increased susceptibility to disease, similar to 
the geriatric population. Large surveys comparing the general and 
ESRD populations have demonstrated that the risk of cardiovascular, 
as well as infectious morbidity and mortality, is greatly increased in 
the ESRD population [54]; Third, many geriatric syndromes, such as 
frailty, cognitive dysfunction, malnutrition, cachexia/wasting, and 
sarcopenia are frequently seen in CKD or ESRD patients in contrast to 
age-matched controls [55-57]. 

Frailty is a biological syndrome of decreased reserve and resistance 
to stressors that result from cumulative declines across multiple 
physiological systems and causes vulnerability to adverse outcomes. 
Frailty is common among CKD patients on conservative treatment and 
dialysis, even in those who are not elderly. In a prospective cohort study, 
adults of all ages undergoing HD have a high prevalence of frailty, more 
than five times as high as community-dwelling older adults. In this 
population, regardless of age, frailty is a strong, independent predictor 
of mortality and number of hospitalizations [58]. The risk of frailty 
includes lower serum levels of hemoglobin and the increased prevalence 
of high levels of parathyroid hormone and low levels of serum vitamin 
D [59]. Frailty is associated with adverse outcomes among incident 
dialysis patients, including higher risk of hospitalization and death 
[60]. However, there are no data to suggest that frail patients derive 
any benefit from early initiation of dialysis either in the form of 
improved survival or functional status. They may be associated with 
protein-energy wasting (PEW), sarcopenia, dynapenia, and other 
complications of CKD. Frailty and PEW in elderly CKD patients are 
associated with impaired physical performance, disability, poor quality 
of life, and reduced survival [61]. Wasting/cachexia are prevalent 
among CKD patients. This is to be distinguished from malnutrition, 
which is defined as a consequence of insufficient food intake or an 
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improper diet. In malnutrition, fat mass is preferentially lost, and lean 
body mass and muscle mass is preserved. In cachexia/wasting, muscle 
is wasted and fat is relatively underutilized. Restoring adequate food 
intake or altering the composition of the diet reverses malnutrition but 
does not totally reverse cachexia/wasting. Muscle wasting in uremic 
patients is frequently found and has a multifactoral etiology. These 
factors include hormonal, immunologic and myocellular changes, 
metabolic acidosis, reduced protein intake, and possible physical 
inactivity. Wasting surrogates such as serum albumin and prealbumin 
show a strong association with mortality, making them robust outcome 
predictors [62]. Uremic sarcopenia presents a high probability of 
morbidity and mortality and consequently a high priority for muscle 
wasting prevention and treatment in these patients [63]. Conversely, 
malnutrition-inflammation-atherosclerosis (MIA) syndrome is also 
highly prevalent in CKD patients. MIA syndrome is a well-known non-
traditional risk factor in cardiovascular disease (CVD), and may cause 
progressive atherosclerotic CVD and malnutrition [64]. Malnutrition 
may worsen patient outcome by aggravating existing inflammation and 
heart failure, accelerating atherosclerosis and increasing susceptibility 
to infection [65]. 

Depression is a common, under-recognized, and under-treated 
problem that is independently associated with increased morbidity 
and mortality in CKD patients. Patients with predialysis CKD have 
a high prevalence of depression and anxiety, which are associated 
with a reduced quality of life [66,67]. Maintenance hemodialysis 
in patients who have symptoms of depression may have higher 
levels of serum IL-6 and lower levels of serum albumin than those 
without symptoms [68]. In addition, epidemiologic data suggest 
that individuals at all stages of CKD have a higher risk of developing 
cognitive disorders and dementia. This risk is generally explained by 
the high prevalence of both symptomatic and subclinical ischemic 
cerebrovascular lesions [69]. CKD affects 45% persons older than 70 
years of age and can double the risk for physical impairment, cognitive 
dysfunction, and frailty [70]. In a prospective Singapore longitudinal 
aging study, CKD in older persons was significantly associated with 
cognitive and functional decline [71]. It is related to a wide range of 
deficits in cognitive functioning, including verbal and visual memory 
and organization, and components of executive functioning and 
fluid intellect. In general, before treatment with hemodialysis or 
transplantation, the magnitude of effect with relation to CKD and 
function are small or modest in persons free from acute stroke and 
dementia [72]. A meta-analysis of cross-sectional and longitudinal 
studies comprising 54,779 participants, suggested an association of 
cognitive decline in CKD patients compared with patients without 
CKD (OR 1.65, 95% confidence interval (CI) 1.32–2.05; p<0.001; OR 
1.39, 95% CI 1.15¬¬-1.68; p<0.001, respectively) [73]. In Taiwan that 
has the highest prevalence rate of ESRD worldwide, the incidence of 
dementia was higher in the CKD cohort than in the non-CKD cohort 
(9.30 vs. 5.55 per 1,000 person-years), with an overall hazard ratio 
(HR) of 1.41 (95% confidence interval (CI), 1.32-1.50), controlling 
for sex, age, comorbidities, and medications [74]. Therefore, CKD is a 
significant and independent somatic risk factor in the development of 
cognitive decline. 

Aging and the Effects of CKD on Kidney Transplantation 
and Immunization 

Aging affects all components of the immune response and has a 
major impact on transplant outcome and organ quality. Understanding 
how the immune system changes with increasing age will help to define 

the risks of organ rejection and infection in the elderly population and 
will focus attention on the need for individualized immunosuppression 
therapy for patients in this age group [75,76]. Older patients receiving 
kidney transplants have a compromised T-cell effector immune 
response with an intact regulatory and memory T-cell response 
[77]. Organs from older individuals that are transplanted into young 
recipients have the highest rejection rates, and this effect is blunted 
when these organs are transplanted into old recipients. Older recipients 
receiving such organs have excellent rates of graft acceptance and 
overall survival rates [78]. Immunosenescence provides a basis for an 
age-adapted immunosuppression and organ allocation with the goal 
to optimize utilization and to improve outcomes in older recipients 
[76,79]. 

 Patients with CKD and ESRD may not respond as well to vaccines 
as patients without kidney failure; however, adequate seroresponse 
rates with standard or augmented regimens for vaccinations against 
influenza, hepatitis B, pneumococcus, and varicella have been 
documented. Influenza infection remains a major public health concern 
worldwide. The overall body of evidence suggests that older adults are 
more prone to infection by the influenza virus than younger adults. 
Influenza prevention strategies are mainly based on immunization; 
however, current influenza vaccines do not offer optimal protection in 
this population due, in part, to waning immunity [19], and vitamin 
D may play an immunomodulatory role [80]. Immune response to 
influenza vaccination may be suboptimal in hemodialysis patients, and 
the administration of an additional second dose of vaccine does not 
improve the humoral response [81]. Other vaccines, such as hepatitis 
B and pneumococcal vaccines, require more frequent and/or higher 
doses to produce and maintain protective antibody levels [82]. CKD 
patients should be vaccinated in early stages of their disease, because 
a high GFR is more likely to be associated with the responsiveness 
to vaccination, particularly with the hepatitis B vaccine [83,84]. The 
majority of CKD patients produce a good antibody response to the 
pneumococcal capsular polysaccharide vaccine (PPV23); however, a 
substantial proportion of patients fail to mount an adequate antibody 
response to PPV23 and remained at significant risk of pneumococcal 
infection [85].

Conclusion
Uremia and the therapeutic approach utilized may influence 

immunity at the cellular level and clinical conditions, and CKD is 
another form of immunosenescence. A large amount of evidence has 
noted convincing similarities between CKD and aging. Accelerated 
aging due to CKD is an important factor as these chronologically 
young patients have the biological characteristics of aged patients. 
Many clinical problems such as arterial stiffness, atherosclerotic 
cardiovascular disease, and poor vaccination response are quite 
common in CKD patients, and many geriatric syndromes such as 
frailty, cognitive dysfunction, and malnutrition are frequently seen 
in this group. Micro-inflammation is viewed as a non-traditional 
cardiovascular disease risk factor in CKD patients and CKD is another 
type of non-traditional risk factor in aging. As nephrologists, we are 
continually looking for ways to improve the immune system of patients 
and patient outcome, and as gerontologists, we need to pay more 
attention to the treatment of these “biologically” aged patients and to 
improve their immunity in the future. 
Acknowledgments

This study was sponsored by grants from Department of Medical Research of 
Cardinal Tien Hospital, Yonghe Branch (R102-0003). 



Citation: Hsu HW, Lang CL, Wang MH, Chiang CK, Lu KC (2014) A Review of Chronic Kidney Disease and the Immune System: A Special Form of 
Immunosenescence. J Gerontol Geriat Res 3: 144. doi:10.4172/2167-7182.1000144

Page  4  of 5

Volume 3 • Isse 2 • 1000144J Gerontol Geriat Res
ISSN: 2167-7182 JGGR, an open access journal

Aging and Immunization

References
1.	 National Kidney Foundation (2002) K/DOQI clinical practice guidelines for 

chronic kidney disease: evaluation, classification, and stratification. Am J 
Kidney Dis 39: S1-266.

2.	 Eleftheriadis T, Antoniadi G, Liakopoulos V, Kartsios C, Stefanidis I (2007) 
Disturbances of acquired immunity in hemodialysis patients. Semin Dial 20: 
440-451.

3.	 Fleming SJ, Moran DM, Cooksley WG, Faoagali JL (1991) Poor response to a 
recombinant hepatitis B vaccine in dialysis patients. J Infect 22: 251-257.

4.	 Kreft B, Klouche M, Kreft R, Kirchner H, Sack K (1997) Low efficiency of active 
immunization against diphtheria in chronic hemodialysis patients. Kidney Int 
52: 212-216.

5.	 Matas AJ, Simmons RL, Kjellstrand CM, Buselmeier TJ, Najarian JS (1975) 
Increased incidence of malignancy during chronic renal failure. Lancet 1: 883-
886.

6.	 Deeks SG (2011) HIV infection, inflammation, immunosenescence, and aging. 
Annu Rev Med 62: 141-155.

7.	 Mei C, Zheng F (2009) Chronic inflammation potentiates kidney aging. Semin 
Nephrol 29: 555-568.

8.	 Schmitt R, Cantley LG (2008) The impact of aging on kidney repair. Am J 
Physiol Renal Physiol 294: F1265-1272.

9.	 Weide T, Huber TB (2011) Implications of autophagy for glomerular aging and 
disease. Cell Tissue Res 343: 467-473.

10.	Hartleben B, Gödel M, Meyer-Schwesinger C, Liu S, Ulrich T, et al. (2010) 
Autophagy influences glomerular disease susceptibility and maintains podocyte 
homeostasis in aging mice. J Clin Invest 120: 1084-1096. 

11.	Torres VE, Leof EB (2011) Fibrosis, regeneration, and aging: playing chess 
with evolution. J Am Soc Nephrol 22: 1393-1396.

12.	Jo SK, Sung SA, Cho WY, Go KJ, Kim HK (2006) Macrophages contribute to 
the initiation of ischaemic acute renal failure in rats. Nephrol Dial Transplant 
21: 1231-1239.

13.	Vinuesa E, Hotter G, Jung M, Herrero-Fresneda I, Torras J, et al. (2008) 
Macrophage involvement in the kidney repair phase after ischaemia/reperfusion 
injury. J Pathol 214: 104-113.

14.	Kelly J, Ali Khan A, Yin J, Ferguson TA, Apte RS (2007) Senescence regulates 
macrophage activation and angiogenic fate at sites of tissue injury in mice. J 
Clin Invest 117: 3421-3426.

15.	Gupta S (2005) Molecular mechanisms of apoptosis in the cells of the immune 
system in human aging. Immunol Rev 205: 114-129.

16.	Li H, Manwani B, Leng SX (2011) Frailty, inflammation, and immunity. Aging 
Dis 2: 466-473.

17.	Castle SC, Uyemura K, Fulop T, Makinodan T (2007) Host resistance and 
immune responses in advanced age. Clin Geriatr Med 23: 463-479, v.

18.	Desai A, Grolleau-Julius A, Yung R (2010) Leukocyte function in the aging 
immune system. J Leukoc Biol 87: 1001-1009.

19.	Lang PO, Aspinall R (2012) Immunosenescence and herd immunity: with an 
ever-increasing aging population do we need to rethink vaccine schedules? 
Expert Rev Vaccines 11: 167-176.

20.	Schmitt V, Rink L, Uciechowski P (2013) The Th17/Treg balance is disturbed 
during aging. Exp Gerontol 48: 1379-1386.

21.	Girndt M, Sester U, Sester M, Kaul H, Köhler H (1999) Impaired cellular immune 
function in patients with end-stage renal failure. Nephrol Dial Transplant 14: 
2807-2810.

22.	Sterling KA, Eftekhari P, Girndt M, Kimmel PL, Raj DS (2012) The 
immunoregulatory function of vitamin D: implications in chronic kidney disease. 
Nat Rev Nephrol 8: 403-412.

23.	Tzanno-Martins C, Futata E, Jorgetti V, Duarte AJ (2000) Restoration of 
impaired T-cell proliferation after parathyroidectomy in hemodialysis patients. 
Nephron 84: 224-227.

24.	Vanholder R, De Smet R, Hsu C, Vogeleere P, Ringoir S (1994) Uremic toxicity: 
the middle molecule hypothesis revisited. Semin Nephrol 14: 205-218. 

25.	Lim WH, Kireta S, Leedham E, Russ GR, Coates PT (2007) Uremia impairs 

monocyte and monocyte-derived dendritic cell function in hemodialysis 
patients. Kidney Int 72: 1138-1148.

26.	Lisowska KA, DÄ™bska-ÅšlizieÅ„ A, Jasiulewicz A, Heleniak Z, Bryl E, et al. 
(2012) Hemodialysis affects phenotype and proliferation of CD4-positive T 
lymphocytes. J Clin Immunol 32: 189-200.

27.	Descamps-Latscha B, Herbelin A, Nguyen AT, Roux-Lombard P, Zingraff J, et 
al. (1995) Balance between IL-1 beta, TNF-alpha, and their specific inhibitors 
in chronic renal failure and maintenance dialysis. Relationships with activation 
markers of T cells, B cells, and monocytes. J Immunol 154: 882-892.

28.	Fernández-Fresnedo G, Ramos MA, González-Pardo MC, de Francisco 
AL, López-Hoyos M, et al. (2000) B lymphopenia in uremia is related to an 
accelerated in vitro apoptosis and dysregulation of Bcl-2. Nephrol Dial 
Transplant 15: 502-510.

29.	Yoon JW, Gollapudi S, Pahl MV, Vaziri ND (2006) Naïve and central memory 
T-cell lymphopenia in end-stage renal disease. Kidney Int 70: 371-376.

30.	Litjens NH, Huisman M, van den Dorpel M, Betjes MG (2008) Impaired immune 
responses and antigen-specific memory CD4+ T cells in hemodialysis patients. 
J Am Soc Nephrol 19: 1483-1490.

31.	Effros RB (2004) Replicative senescence of CD8 T cells: effect on human 
ageing. Exp Gerontol 39: 517-524.

32.	Böhler T, Canivet C, Nguyen PN, Galvani S, Thomsen M, et al. (2009) Cytokines 
correlate with age in healthy volunteers, dialysis patients and kidney-transplant 
patients. Cytokine 45: 169-173.

33.	Lang CL, Wang MH, Hung KY, Chiang CK, Lu KC (2013) Altered molecular 
repertoire of immune system by renal dysfunction in the elderly: is prediction 
and targeted prevention in the horizon? EPMA J 4: 17.

34.	Libetta C, Rampino T, Dal Canton A (2001) Polarization of T-helper lymphocytes 
toward the Th2 phenotype in uremic patients. Am J Kidney Dis 38: 286-295.

35.	Zhang J, Hua G, Zhang X, Tong R, DU X, et al. (2010) Regulatory T cells/
T-helper cell 17 functional imbalance in uraemic patients on maintenance 
haemodialysis: a pivotal link between microinflammation and adverse 
cardiovascular events. Nephrology (Carlton) 15: 33-41. 

36.	Chen D, Huang X, Yang M, Gan H, Gunawan EJ, et al. (2012) Treg/Th17 
functional disequilibrium in Chinese uremia on hemodialysis: a link between 
calcification and cardiovascular disease. Ren Fail 34: 697-702.

37.	Onat A, Can G (2013) Enhanced Proinflammatory State and Autoimmune 
Activation: a Breakthrough to Understanding Chronic Diseases. Curr Pharm 
Des .

38.	Onat A, Can G, AdemoÄŸlu E, Ã‡elik E, KaragÃ¶z A, et al. (2013) Coronary 
disease risk curve of serum creatinine is linear in Turkish men, U-shaped in 
women. J Investig Med 61: 27-33.

39.	Schindler R, Linnenweber S, Schulze M, Oppermann M, Dinarello CA, et al. 
(1993) Gene expression of interleukin-1 beta during hemodialysis. Kidney Int 
43: 712-721.

40.	Girndt M, Köhler H, Schiedhelm-Weick E, Schlaak JF, Meyer zum Büschenfelde 
KH, et al (1995) Production of interleukin-6, tumor necrosis factor alpha and 
interleukin-10 in vitro correlates with the clinical immune defect in chronic 
hemodialysis patients. Kidney Int 47: 559-565. 

41.	Beg AA (2002) Endogenous ligands of Toll-like receptors: implications for 
regulating inflammatory and immune responses. Trends Immunol 23: 509-512.

42.	Stenvinkel P, Barany P, Heimbürger O, Pecoits-Filho R, Lindholm B (2002) 
Mortality, malnutrition, and atherosclerosis in ESRD: what is the role of 
interleukin-6? Kidney Int Suppl : 103-108.

43.	Honda H, Qureshi AR, Heimbürger O, Barany P, Wang K, et al. (2006) 
Serum albumin, C-reactive protein, interleukin 6, and fetuin a as predictors of 
malnutrition, cardiovascular disease, and mortality in patients with ESRD. Am 
J Kidney Dis 47: 139-148.

44.	M Pachaly MA, do Nascimento MM, Suliman ME, Hayashi SY, Riella MC,  et al. 
(2008) Interleukin-6 is a better predictor of mortality as compared to C-reactive 
protein, homocysteine, pentosidine and advanced oxidation protein products in 
hemodialysis patients. Blood Purif 26: 204-210. 

45.	Chiang CK, Hsu SP, Pai MF, Peng YS, Ho TI, et al. (2005) Plasma interleukin-18 
levels in chronic renal failure and continuous ambulatory peritoneal dialysis. 
Blood Purif 23: 144-148.

46.	Ishizuka T, Nitta K, Yokoyama T, Hayashi T, Futatsuyama K, et al. (2002) 

http://www.ncbi.nlm.nih.gov/pubmed/11904577
http://www.ncbi.nlm.nih.gov/pubmed/11904577
http://www.ncbi.nlm.nih.gov/pubmed/11904577
http://www.ncbi.nlm.nih.gov/pubmed/17897251
http://www.ncbi.nlm.nih.gov/pubmed/17897251
http://www.ncbi.nlm.nih.gov/pubmed/17897251
http://www.ncbi.nlm.nih.gov/pubmed/1830073
http://www.ncbi.nlm.nih.gov/pubmed/1830073
http://www.ncbi.nlm.nih.gov/pubmed/9211365
http://www.ncbi.nlm.nih.gov/pubmed/9211365
http://www.ncbi.nlm.nih.gov/pubmed/9211365
http://www.ncbi.nlm.nih.gov/pubmed/47534
http://www.ncbi.nlm.nih.gov/pubmed/47534
http://www.ncbi.nlm.nih.gov/pubmed/47534
http://www.ncbi.nlm.nih.gov/pubmed/21090961
http://www.ncbi.nlm.nih.gov/pubmed/21090961
http://www.ncbi.nlm.nih.gov/pubmed/20006787
http://www.ncbi.nlm.nih.gov/pubmed/20006787
http://www.ncbi.nlm.nih.gov/pubmed/18287400
http://www.ncbi.nlm.nih.gov/pubmed/18287400
http://www.ncbi.nlm.nih.gov/pubmed/21286756
http://www.ncbi.nlm.nih.gov/pubmed/21286756
http://www.ncbi.nlm.nih.gov/pubmed/20200449
http://www.ncbi.nlm.nih.gov/pubmed/20200449
http://www.ncbi.nlm.nih.gov/pubmed/20200449
http://www.ncbi.nlm.nih.gov/pubmed/21757767
http://www.ncbi.nlm.nih.gov/pubmed/21757767
http://www.ncbi.nlm.nih.gov/pubmed/16410269
http://www.ncbi.nlm.nih.gov/pubmed/16410269
http://www.ncbi.nlm.nih.gov/pubmed/16410269
http://www.ncbi.nlm.nih.gov/pubmed/17973244
http://www.ncbi.nlm.nih.gov/pubmed/17973244
http://www.ncbi.nlm.nih.gov/pubmed/17973244
http://www.ncbi.nlm.nih.gov/pubmed/17975672
http://www.ncbi.nlm.nih.gov/pubmed/17975672
http://www.ncbi.nlm.nih.gov/pubmed/17975672
http://www.ncbi.nlm.nih.gov/pubmed/15882349
http://www.ncbi.nlm.nih.gov/pubmed/15882349
http://www.ncbi.nlm.nih.gov/pubmed/22396895
http://www.ncbi.nlm.nih.gov/pubmed/22396895
http://www.ncbi.nlm.nih.gov/pubmed/17631228
http://www.ncbi.nlm.nih.gov/pubmed/17631228
http://www.ncbi.nlm.nih.gov/pubmed/20200405
http://www.ncbi.nlm.nih.gov/pubmed/20200405
http://www.ncbi.nlm.nih.gov/pubmed/22309666
http://www.ncbi.nlm.nih.gov/pubmed/22309666
http://www.ncbi.nlm.nih.gov/pubmed/22309666
http://www.ncbi.nlm.nih.gov/pubmed/24055797
http://www.ncbi.nlm.nih.gov/pubmed/24055797
http://www.ncbi.nlm.nih.gov/pubmed/10570074
http://www.ncbi.nlm.nih.gov/pubmed/10570074
http://www.ncbi.nlm.nih.gov/pubmed/10570074
http://www.ncbi.nlm.nih.gov/pubmed/22614789
http://www.ncbi.nlm.nih.gov/pubmed/22614789
http://www.ncbi.nlm.nih.gov/pubmed/22614789
http://www.ncbi.nlm.nih.gov/pubmed/10720892
http://www.ncbi.nlm.nih.gov/pubmed/10720892
http://www.ncbi.nlm.nih.gov/pubmed/10720892
http://www.ncbi.nlm.nih.gov/pubmed/8036355
http://www.ncbi.nlm.nih.gov/pubmed/8036355
http://www.ncbi.nlm.nih.gov/pubmed/17728708
http://www.ncbi.nlm.nih.gov/pubmed/17728708
http://www.ncbi.nlm.nih.gov/pubmed/17728708
http://www.ncbi.nlm.nih.gov/pubmed/21993694
http://www.ncbi.nlm.nih.gov/pubmed/21993694
http://www.ncbi.nlm.nih.gov/pubmed/21993694
http://www.ncbi.nlm.nih.gov/pubmed/7814891
http://www.ncbi.nlm.nih.gov/pubmed/7814891
http://www.ncbi.nlm.nih.gov/pubmed/7814891
http://www.ncbi.nlm.nih.gov/pubmed/7814891
http://www.ncbi.nlm.nih.gov/pubmed/10727545
http://www.ncbi.nlm.nih.gov/pubmed/10727545
http://www.ncbi.nlm.nih.gov/pubmed/10727545
http://www.ncbi.nlm.nih.gov/pubmed/10727545
http://www.ncbi.nlm.nih.gov/pubmed/16738532
http://www.ncbi.nlm.nih.gov/pubmed/16738532
http://www.ncbi.nlm.nih.gov/pubmed/18480314
http://www.ncbi.nlm.nih.gov/pubmed/18480314
http://www.ncbi.nlm.nih.gov/pubmed/18480314
http://www.ncbi.nlm.nih.gov/pubmed/15050285
http://www.ncbi.nlm.nih.gov/pubmed/15050285
http://www.ncbi.nlm.nih.gov/pubmed/19147373
http://www.ncbi.nlm.nih.gov/pubmed/19147373
http://www.ncbi.nlm.nih.gov/pubmed/19147373
http://www.ncbi.nlm.nih.gov/pubmed/23800151
http://www.ncbi.nlm.nih.gov/pubmed/23800151
http://www.ncbi.nlm.nih.gov/pubmed/23800151
http://www.ncbi.nlm.nih.gov/pubmed/11479154
http://www.ncbi.nlm.nih.gov/pubmed/11479154
http://www.ncbi.nlm.nih.gov/pubmed/20377769
http://www.ncbi.nlm.nih.gov/pubmed/20377769
http://www.ncbi.nlm.nih.gov/pubmed/20377769
http://www.ncbi.nlm.nih.gov/pubmed/20377769
http://www.ncbi.nlm.nih.gov/pubmed/22503035
http://www.ncbi.nlm.nih.gov/pubmed/22503035
http://www.ncbi.nlm.nih.gov/pubmed/22503035
http://www.ncbi.nlm.nih.gov/pubmed/23565630
http://www.ncbi.nlm.nih.gov/pubmed/23565630
http://www.ncbi.nlm.nih.gov/pubmed/23565630
http://www.ncbi.nlm.nih.gov/pubmed/23160183
http://www.ncbi.nlm.nih.gov/pubmed/23160183
http://www.ncbi.nlm.nih.gov/pubmed/23160183
http://www.ncbi.nlm.nih.gov/pubmed/8455371
http://www.ncbi.nlm.nih.gov/pubmed/8455371
http://www.ncbi.nlm.nih.gov/pubmed/8455371
http://www.ncbi.nlm.nih.gov/pubmed/7723241
http://www.ncbi.nlm.nih.gov/pubmed/7723241
http://www.ncbi.nlm.nih.gov/pubmed/7723241
http://www.ncbi.nlm.nih.gov/pubmed/7723241
http://www.ncbi.nlm.nih.gov/pubmed/12401394
http://www.ncbi.nlm.nih.gov/pubmed/12401394
http://www.ncbi.nlm.nih.gov/pubmed/11982823
http://www.ncbi.nlm.nih.gov/pubmed/11982823
http://www.ncbi.nlm.nih.gov/pubmed/11982823
http://www.ncbi.nlm.nih.gov/pubmed/16377395
http://www.ncbi.nlm.nih.gov/pubmed/16377395
http://www.ncbi.nlm.nih.gov/pubmed/16377395
http://www.ncbi.nlm.nih.gov/pubmed/16377395
http://www.ncbi.nlm.nih.gov/pubmed/18285696
http://www.ncbi.nlm.nih.gov/pubmed/18285696
http://www.ncbi.nlm.nih.gov/pubmed/18285696
http://www.ncbi.nlm.nih.gov/pubmed/18285696
http://www.ncbi.nlm.nih.gov/pubmed/15677863
http://www.ncbi.nlm.nih.gov/pubmed/15677863
http://www.ncbi.nlm.nih.gov/pubmed/15677863
http://www.ncbi.nlm.nih.gov/pubmed/11961413


Citation: Hsu HW, Lang CL, Wang MH, Chiang CK, Lu KC (2014) A Review of Chronic Kidney Disease and the Immune System: A Special Form of 
Immunosenescence. J Gerontol Geriat Res 3: 144. doi:10.4172/2167-7182.1000144

Page  5  of 5

Volume 3 • Isse 2 • 1000144J Gerontol Geriat Res
ISSN: 2167-7182 JGGR, an open access journal

Aging and Immunization

Increased serum levels of interleukin-12 may be associated with Th1 
differentiation in hemodialysis patients. Nephron 90: 503-504.

47.	Cohen SD, Phillips TM, Khetpal P, Kimmel PL (2010) Cytokine patterns and 
survival in haemodialysis patients. Nephrol Dial Transplant 25: 1239-1243.

48.	Fülöp T, Larbi A, Hirokawa K, Mocchegiani E, Lesourds B, et al. (2007) 
Immunosupportive therapies in aging. Clin Interv Aging 2: 33-54.

49.	Wu CC, Chang JH, Chen CC, Su SB, Yang LK, et al. (2011) Calcitriol treatment 
attenuates inflammation and oxidative stress in hemodialysis patients with 
secondary hyperparathyroidism. Tohoku J Exp Med 223: 153-159. 

50.	K Huang KC, Hsu SP, Yang CC, Ou-Yang P, Lee KT, et al. (2010) Electrolysed-
reduced water dialysate improves T-cell damage in end-stage renal disease 
patients with chronic haemodialysis. Nephrol Dial Transplant 25: 2730-2737.

51.	Lin CL, Huang CC, Yu CC, Yang HY, Chuang FR, et al. (2003) Reduction of 
advanced glycation end product levels by on-line hemodiafiltration in long-term 
hemodialysis patients. Am J Kidney Dis 42: 524-531.

52.	Kooman JP, Broers NJ, Usvyat L, Thijssen S, van der Sande FM, et al. (2013) 
Out of control: accelerated aging in uremia. Nephrol Dial Transplant 28: 48-54.

53.	Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY (2004) Chronic kidney 
disease and the risks of death, cardiovascular events, and hospitalization. N 
Engl J Med 351: 1296-1305.

54.	Foley RN, Parfrey PS, Sarnak MJ (1998) Clinical epidemiology of cardiovascular 
disease in chronic renal disease. Am J Kidney Dis 32: S112-119.

55.	Painter P, Carlson L, Carey S, Paul SM, Myll J (2000) Physical functioning 
and health-related quality-of-life changes with exercise training in hemodialysis 
patients. Am J Kidney Dis 35: 482-492.

56.	Evans WJ (2010) Skeletal muscle loss: cachexia, sarcopenia, and inactivity. 
Am J Clin Nutr 91: 1123S-1127S.

57.	van den Ham EC, Kooman JP, Schols AM, Nieman FH, Does JD, et al. (2005) 
Similarities in skeletal muscle strength and exercise capacity between renal 
transplant and hemodialysis patients. Am J Transplant 5: 1957-1965.

58.	McAdams-DeMarco MA, Law A, Salter ML, Boyarsky B, Gimenez L, et al. 
(2013) Frailty as a novel predictor of mortality and hospitalization in individuals 
of all ages undergoing hemodialysis. J Am Geriatr Soc 61: 896-901.

59.	Mansur HN, Damasceno Vde O, Bastos MG (2012) [Prevalence of frailty in 
patients in chronic kidney disease on conservative treatment and on dialysis]. 
J Bras Nefrol 34: 153-160.

60.	Johansen KL, Delgado C, Bao Y, Kurella Tamura M (2013) Frailty and dialysis 
initiation. Semin Dial 26: 690-696.

61.	Kim JC, Kalantar-Zadeh K, Kopple JD (2013) Frailty and protein-energy 
wasting in elderly patients with end stage kidney disease. J Am Soc Nephrol 
24: 337-351.

62.	Mak RH, Ikizler AT, Kovesdy CP, Raj DS, Stenvinkel P, et al. (2011) Wasting in 
chronic kidney disease. J Cachexia Sarcopenia Muscle 2: 9-25.

63.	Fahal IH (2013) Uraemic sarcopenia: aetiology and implications. Nephrol Dial 
Transplant .

64.	Yao Q, Axelsson J, Stenvinkel P, Lindholm B (2004) Chronic systemic 
inflammation in dialysis patients: an update on causes and consequences. 
ASAIO J 50: lii-lvii.

65.	Pecoits-Filho R, Lindholm B, Stenvinkel P (2002) The malnutrition, inflammation, 
and atherosclerosis (MIA) syndrome -- the heart of the matter. Nephrol Dial 
Transplant 17 Suppl 11: 28-31.

66.	Lee YJ, Kim MS, Cho S, Kim SR (2013) Association of depression and anxiety 
with reduced quality of life in patients with predialysis chronic kidney disease. 
Int J Clin Pract 67: 363-368.

67.	Hedayati SS, Yalamanchili V, Finkelstein FO (2012) A practical approach to the 
treatment of depression in patients with chronic kidney disease and end-stage 
renal disease. Kidney Int 81: 247-255.

68.	Hung KC, Wu CC, Chen HS, Ma WY, Tseng CF, et al. (2011) Serum IL-6, 
albumin and co-morbidities are closely correlated with symptoms of depression 
in patients on maintenance haemodialysis. Nephrol Dial Transplant 26: 658-
664.

69.	Bugnicourt JM, Godefroy O, Chillon JM, Choukroun G, Massy ZA (2013) 
Cognitive disorders and dementia in CKD: the neglected kidney-brain axis. J 
Am Soc Nephrol 24: 353-363.

70.	Anand S, Johansen KL, Kurella Tamura M (2013) Aging and Chronic Kidney 
Disease: The Impact on Physical Function and Cognition. J Gerontol A Biol 
Sci Med Sci .

71.	Feng L, Yap KB, Yeoh LY, Ng TP (2012) Kidney function and cognitive and 
functional decline in elderly adults: findings from the Singapore longitudinal 
aging study. J Am Geriatr Soc 60: 1208-1214.

72.	Elias MF, Dore GA, Davey A (2013) Kidney disease and cognitive function. 
Contrib Nephrol 179: 42-57.

73.	Etgen T, Chonchol M, Förstl H, Sander D (2012) Chronic kidney disease and 
cognitive impairment: a systematic review and meta-analysis. Am J Nephrol 
35: 474-482.

74.	Cheng KC, Chen YL, Lai SW, Mou CH, Tsai PY, et al. (2012) Patients with 
chronic kidney disease are at an elevated risk of dementia: a population-based 
cohort study in Taiwan. BMC Nephrol 13: 129.

75.	McKay D, Jameson J (2012) Kidney transplantation and the ageing immune 
system. Nat Rev Nephrol 8: 700-708.

76.	Heinbokel T, Hock K, Liu G, Edtinger K, Elkhal A, et al. (2013) Impact of 
immunosenescence on transplant outcome. Transpl Int 26: 242-253.

77.	Denecke C, Bedi DS, Ge X, Kim IK, Jurisch A, et al. (2010) Prolonged graft 
survival in older recipient mice is determined by impaired effector T-cell but 
intact regulatory T-cell responses. PLoS One 5: e9232.

78.	Tullius SG, Tran H, Guleria I, Malek SK, Tilney NL, et al. (2010) The combination 
of donor and recipient age is critical in determining host immunoresponsiveness 
and renal transplant outcome. Ann Surg 252: 662-674.

79.	Keith DS (2013) Transplantation in the elderly patient. Clin Geriatr Med 29: 
707-719.

80.	Lang PO, Samaras D (2012) Aging adults and seasonal influenza: does the 
vitamin d status (h)arm the body? J Aging Res 2012: 806198.

81.	Tanzi E, Amendola A, Pariani E, Zappa A, Colzani D, et al. (2007) Lack of 
effect of a booster dose of influenza vaccine in hemodialysis patients. J Med 
Virol 79: 1176-1179.

82.	Kausz A, Pahari D (2004) The value of vaccination in chronic kidney disease. 
Semin Dial 17: 9-11.

83.	Grzegorzewska AE (2012) Hepatitis B vaccination in chronic kidney disease: 
review of evidence in non-dialyzed patients. Hepat Mon 12: e7359.

84.	Ghadiani MH, Besharati S, Mousavinasab N, Jalalzadeh M (2012) Response 
rates to HB vaccine in CKD stages 3-4 and hemodialysis patients. J Res Med 
Sci 17: 527-533.

85.	Mahmoodi M, Aghamohammadi A, Rezaei N, Lessan-Pezeshki M, Pourmand 
G, et al. (2009) Antibody response to pneumococcal capsular polysaccharide 
vaccination in patients with chronic kidney disease. Eur Cytokine Netw 20: 69-
74.

This article was originally published in a special issue,  Aging and 
Immunization handled by Editor(s). Dr.  Pierre Olivier Lang, Medical school 
and University hospitals of Geneva,  Switzerland

http://www.ncbi.nlm.nih.gov/pubmed/11961413
http://www.ncbi.nlm.nih.gov/pubmed/11961413
http://www.ncbi.nlm.nih.gov/pubmed/20007982
http://www.ncbi.nlm.nih.gov/pubmed/20007982
http://www.ncbi.nlm.nih.gov/pubmed/18044074
http://www.ncbi.nlm.nih.gov/pubmed/18044074
http://www.ncbi.nlm.nih.gov/pubmed/21350317
http://www.ncbi.nlm.nih.gov/pubmed/21350317
http://www.ncbi.nlm.nih.gov/pubmed/21350317
http://www.ncbi.nlm.nih.gov/pubmed/20190245
http://www.ncbi.nlm.nih.gov/pubmed/20190245
http://www.ncbi.nlm.nih.gov/pubmed/20190245
http://www.ncbi.nlm.nih.gov/pubmed/12955680
http://www.ncbi.nlm.nih.gov/pubmed/12955680
http://www.ncbi.nlm.nih.gov/pubmed/12955680
http://www.ncbi.nlm.nih.gov/pubmed/23139404
http://www.ncbi.nlm.nih.gov/pubmed/23139404
http://www.ncbi.nlm.nih.gov/pubmed/15385656
http://www.ncbi.nlm.nih.gov/pubmed/15385656
http://www.ncbi.nlm.nih.gov/pubmed/15385656
http://www.ncbi.nlm.nih.gov/pubmed/9820470
http://www.ncbi.nlm.nih.gov/pubmed/9820470
http://www.ncbi.nlm.nih.gov/pubmed/10692275
http://www.ncbi.nlm.nih.gov/pubmed/10692275
http://www.ncbi.nlm.nih.gov/pubmed/10692275
http://www.ncbi.nlm.nih.gov/pubmed/20164314
http://www.ncbi.nlm.nih.gov/pubmed/20164314
http://www.ncbi.nlm.nih.gov/pubmed/15996245
http://www.ncbi.nlm.nih.gov/pubmed/15996245
http://www.ncbi.nlm.nih.gov/pubmed/15996245
http://www.ncbi.nlm.nih.gov/pubmed/23711111
http://www.ncbi.nlm.nih.gov/pubmed/23711111
http://www.ncbi.nlm.nih.gov/pubmed/23711111
http://www.ncbi.nlm.nih.gov/pubmed/22850917
http://www.ncbi.nlm.nih.gov/pubmed/22850917
http://www.ncbi.nlm.nih.gov/pubmed/22850917
http://www.ncbi.nlm.nih.gov/pubmed/24004376
http://www.ncbi.nlm.nih.gov/pubmed/24004376
http://www.ncbi.nlm.nih.gov/pubmed/23264684
http://www.ncbi.nlm.nih.gov/pubmed/23264684
http://www.ncbi.nlm.nih.gov/pubmed/23264684
http://www.ncbi.nlm.nih.gov/pubmed/21475675
http://www.ncbi.nlm.nih.gov/pubmed/21475675
http://www.ncbi.nlm.nih.gov/pubmed/23625972
http://www.ncbi.nlm.nih.gov/pubmed/23625972
http://www.ncbi.nlm.nih.gov/pubmed/15672781
http://www.ncbi.nlm.nih.gov/pubmed/15672781
http://www.ncbi.nlm.nih.gov/pubmed/15672781
http://www.ncbi.nlm.nih.gov/pubmed/12386254
http://www.ncbi.nlm.nih.gov/pubmed/12386254
http://www.ncbi.nlm.nih.gov/pubmed/12386254
http://www.ncbi.nlm.nih.gov/pubmed/23521328
http://www.ncbi.nlm.nih.gov/pubmed/23521328
http://www.ncbi.nlm.nih.gov/pubmed/23521328
http://www.ncbi.nlm.nih.gov/pubmed/22012131
http://www.ncbi.nlm.nih.gov/pubmed/22012131
http://www.ncbi.nlm.nih.gov/pubmed/22012131
http://www.ncbi.nlm.nih.gov/pubmed/20631406
http://www.ncbi.nlm.nih.gov/pubmed/20631406
http://www.ncbi.nlm.nih.gov/pubmed/20631406
http://www.ncbi.nlm.nih.gov/pubmed/20631406
http://www.ncbi.nlm.nih.gov/pubmed/23291474
http://www.ncbi.nlm.nih.gov/pubmed/23291474
http://www.ncbi.nlm.nih.gov/pubmed/23291474
http://www.ncbi.nlm.nih.gov/pubmed/23913934
http://www.ncbi.nlm.nih.gov/pubmed/23913934
http://www.ncbi.nlm.nih.gov/pubmed/23913934
http://www.ncbi.nlm.nih.gov/pubmed/22702744
http://www.ncbi.nlm.nih.gov/pubmed/22702744
http://www.ncbi.nlm.nih.gov/pubmed/22702744
http://www.ncbi.nlm.nih.gov/pubmed/23652448
http://www.ncbi.nlm.nih.gov/pubmed/23652448
http://www.ncbi.nlm.nih.gov/pubmed/22555151
http://www.ncbi.nlm.nih.gov/pubmed/22555151
http://www.ncbi.nlm.nih.gov/pubmed/22555151
http://www.ncbi.nlm.nih.gov/pubmed/23020192
http://www.ncbi.nlm.nih.gov/pubmed/23020192
http://www.ncbi.nlm.nih.gov/pubmed/23020192
http://www.ncbi.nlm.nih.gov/pubmed/23147756
http://www.ncbi.nlm.nih.gov/pubmed/23147756
http://www.ncbi.nlm.nih.gov/pubmed/23190423
http://www.ncbi.nlm.nih.gov/pubmed/23190423
http://www.ncbi.nlm.nih.gov/pubmed/20169060
http://www.ncbi.nlm.nih.gov/pubmed/20169060
http://www.ncbi.nlm.nih.gov/pubmed/20169060
http://www.ncbi.nlm.nih.gov/pubmed/20881773
http://www.ncbi.nlm.nih.gov/pubmed/20881773
http://www.ncbi.nlm.nih.gov/pubmed/20881773
http://www.ncbi.nlm.nih.gov/pubmed/23849015
http://www.ncbi.nlm.nih.gov/pubmed/23849015
http://www.ncbi.nlm.nih.gov/pubmed/22162810
http://www.ncbi.nlm.nih.gov/pubmed/22162810
http://www.ncbi.nlm.nih.gov/pubmed/17596830
http://www.ncbi.nlm.nih.gov/pubmed/17596830
http://www.ncbi.nlm.nih.gov/pubmed/17596830
http://www.ncbi.nlm.nih.gov/pubmed/14717802
http://www.ncbi.nlm.nih.gov/pubmed/14717802
http://www.ncbi.nlm.nih.gov/pubmed/23326280
http://www.ncbi.nlm.nih.gov/pubmed/23326280
http://www.ncbi.nlm.nih.gov/pubmed/23626628
http://www.ncbi.nlm.nih.gov/pubmed/23626628
http://www.ncbi.nlm.nih.gov/pubmed/23626628
http://www.ncbi.nlm.nih.gov/pubmed/19541592
http://www.ncbi.nlm.nih.gov/pubmed/19541592
http://www.ncbi.nlm.nih.gov/pubmed/19541592
http://www.ncbi.nlm.nih.gov/pubmed/19541592

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction
	Aging and its Impact on the Kidney 
	Immune Dysregulation in CKD Patients 
	Geriatric Syndromes in CKD Patients 
	Aging and the Effects of CKD on Kidney Transplantation and Immunization  
	Conclusion 
	Acknowledgments
	References 



