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Table 2 values of percentages and absolute numbers of T cell subset during aging

ALL Aged 20–45 Aged 46–59 Aged 60–69 Aged 70–79 Aged 80–89 P value

N = 446 N = 84 N = 128 N = 129 N = 63 N = 42

Cell subset percentage

CD4+T cells %* 57.1(49.6,64.6) 55.5(49.2,60.4) 58.2 (52.3,67.0) 57.9(50.4,65.8) 54.6(47.6,63.2) 56.2(48.3,67.0) 0.02

CD4+ TNAIVE %* 36.7(26.2,46.8) 43.5(34.0,53.1) 37.1(26.5,48.3) 34.9(26.2,45.5) 29.5(20.7,44.9) 32.9(20.1,45.3) < 0.001

CD4+TCM%* 21.7(15.1,28.7) 17.0(12.4,25.7) 21.3(15.2,25.9) 23.5(15.4,31.2) 23.1(18.5,31.4) 22.6(15.3,29.4) 0.002

CD4+TEM%* 33.2(25.4,42.3) 28.7(22.3,34.8) 32.8(25.4,42.0) 35.1(25.2,43.3) 37.9(26.2,45.6) 36.1(26.1,45.6) < 0.001

CD4+TEMRA% 4.2(2.5,7.6) 4.8(2.8,8.9) 4.9(2.8,7.5) 4.3(2.5,7.9) 3.4(2.2,6.3) 3.6(2.0,6.2) 0.932

CD8+T cells %* 34.6(28.5,41.3) 36.2(32.3,42.1) 32.7(26.9,40.3) 33.2(26.8,39.4) 36.1(30.3,46.3) 36.0(27.5,43.9) 0.003

CD8+ TNAIVE % * 19.9(12.2,30.3) 37.1(28.4,52.5) 22.7(16.5,33.1) 15.5(13.0,24.9) 10.5(7.2,17.7) 9.5(5.3,15.4) < 0.001

CD8+ TCM%* 2.8(1.7,4.5) 2.1(1.4,2.9) 2.7(1.7,4.3) 3.5(2.0,4.9) 3.1(1.7,4.9) 3.1(1.7,5.3) 0.001

CD8 +TEM%* 22.5(15.5,30.9) 17.3(12.6,23.1) 22.0(16.1,30.2) 25.5(16.0,33.0) 27.1(17.2,36.2) 24.7(16.2,38.4) < 0.001

CD8+TEMRA%* 49.7(37.0,60.3) 40.1(27.9,50.0) 48.1(34.1,58.1) 52.2(39.7,59.9) 57.9(43.3,69.8) 63.1(45.8,70.4) < 0.001

CD4+Tcell /CD8+ T cell 1.64(1.21,2.25) 1.50(1.18,1.88) 1.76(1.31,2.49) 1.73(1.31,2.54) 1.56(1.01,2.02) 1.52(1.10,2.43) 0.051

Absolute cell number

CD4+T cells (cells/μl)* 387(291,548) 500(367,636) 428(326,549) 369(279,524) 352(211,447) 345(264,411) < 0.001

CD4+ TNAIVE (cells/μl)* 135(81,224) 226(148,292) 151(86,232) 124(84,186) 101(41,147) 104(56,175) < 0.001

CD4+TCM (cells/μl) 85(54,126) 86(50,140) 84(55,125) 88(55,125) 79(54,130) 80(47,112) 0.324

CD4+TEM (cells/μl) 129(86,187) 136(91,189) 139(88,190) 127(89,180) 115(83,172) 108(78,197) 0.487

CD4+TEMRA (cells/μl)* 18(10,32) 25(11,46) 20(10,36) 16(10,28) 13(6,28) 13(7,20) 0.005

CD8+T cells (cells/μl)* 236(162,355) 318(251,448) 226(163,353) 209(138,315) 217(159,326) 219(139,321) < 0.001

CD8+ TNAIVE (cells/μl)* 44(23,83) 129(85,164) 54(35,83) 37(21,62) 25(16,38) 20(13,30) < 0.001

CD8+ TCM (cells/μl) 5(3,8) 5(3,7) 5(3,8) 6(3,9) 6(3,10) 5(3,9) 0.363

CD8 +TEM (cells/μl) 41(28,61) 41(32,53) 39(27,62) 41(26,63) 46(28,71) 39(29,64) 0.28

CD8+TEMRA (cells/μl) 111(63,181) 119(77,193) 103(58,185) 103(54,164) 121(83,189) 115(63,194) 0.281

Percentages and absolute numbers (cells/μl) of naïve (TNAIVE), central memory (TCM), effector memory (TEM), terminally differentiated (TEMRA)
*p for trend across age groups < 0.05

Fig. 1 Correlations between naïve T cells and age. Scatter plots and regression lines demonstrated the relationship between T cell parameters
with age in ESRD patients. Linear regression analysis showed that both CD4+ and CD8+ naïve T cell counts were negatively correlated to age.
After dividing patients into 5 groups according to age period, CD4+ naïve T cell count decreased significantly with age in patients aged from 20
to 69 years old. Afterwards, there was no significant difference in CD4+ naïve T cell count, and even a little increase in 80–89 years old. CD8+

naïve T cell count decreased significantly with age in patients aged from 20 to 89 years old
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In this study, we analyzed circulating T cell subsets of
466 ESRD patients for each decade of life. Our finding
consisted with earlier studies that aging affected lympho-
cyte subpopulation profile of ESRD patients with a de-
crease of absolute numbers of naïve T cells and an
increase of percentage of memory T cells [11, 12]. De-
creased number of naïve T cell seems to be the most
prominent phenomenon of T cell senescence, no matter
it is caused by aging or ESRD. Chiu YL et al. posted a
dramatic 40–50% reduction in CD4+ and CD8+ naïve T
cell numbers in 412 ESRD patients when compared to
age-matched healthy individuals [12]. Freitas et al. sug-
gested that age and ESRD presented additive effect de-
creasing naïve T cells without synergic effect [11].
However, this study was based on a small sample size
and patients were roughly divided into two groups if age
was over 60 or not. In the current study, since we pro-
vided values for the absolute numbers and proportions
of T cell subsets in each decade of life, it allowed us to
analyze the trend of T cell variation with more detailed
information. We found that the number of CD4+ naïve
T cell didn’t change in parallel with age and patients
over 80 years old seemed to have a relatively increased
naïve T cells in CD4+ compartment, which was not re-
ported in healthy elderl y[13]. Although there was no
statistical difference owing to the sample size, it sug-
gested that uremia and age might affect differently to
immune system in extremely old ESRD patients.
In the analysis of predictors of mortality, we discov-

ered naïve T cell depletion was independently associated
with all-cause mortality. By analyzing the influence of
physiological and immunological age, we found patients
presented with lower naïve T cell count were associated
with a significantly lower survival compared to those in
the same age period but with a higher naïve T cell count.
It led to consumption that naïve T cell could be a valu-
able marker of presenting overall immunological age in

ESRD patients. In this respect, every patient should have
this test as a part of immune disturbance evaluation and
risk assessment of multiple complications, even with early
intervention if possible. Another dominant effect by ESRD
is a significant increase in percentage of memory T cells
with advanced differentiation, which is also universal in
age-related immune senescence. In this study, we find in-
creased percentage of CD8+central-memory T cell was in-
dependently associated with mortality, which can be
caused by increased naïve T cell turnover [14]. While in-
creased percentage of CD8+EMRA T cell, on the other
hand, could not predict mortality independently. This also
confirmed that loss of naïve T cells might be a hallmark
of immune aging, while increased differentiated T cells
might partly if not entirely due to the decrease of naive
T cells. This is partly explained by some epigenetic
studies [15, 16].
Observations over the past 10 years have concordantly

indicated that the process of naïve T cell homeostasis is
profoundly affected by aging, with the changes aimed to
maintain naïve T cell pool eventually leading to its fur-
ther depletion and demise [17, 18]. Several factors need
to be considered to grasp both the quantitative and
qualitative changes of the naive T cells with aging:their
production by the thymus, their homeostatic prolifera-
tion and the diversity of their TCR repertoire, which are
all disturbed in uremic setting. A decreased thymic out-
put of naïve T cells was observed in both CD4 and CD8
compartment in ESRD patients and was associated with
severe infection episode and cardiovascular events in
these patients [6, 9]. Data of thymic function are lacking
for ESRD patient. However, it was reported that renal
failure could lead to involution of thymus and spleen in
animal experiments [19, 20]. A recent study indicated
serum PTH concentrations were related to thymus atro-
phy evaluated by recent thymic emigrants, indicating
mineral and bone disorder might be an underling

Table 4 Multivariate Cox proportional hazard model for all-cause mortality

Variables Model 1 Model 2

Hazard Ratio (95% CI) P value Hazard Ratio (95% CI) P value

T cell count (cells/μl) 0.325 (0.146, 0.719) 0.006

Naïve T cell count (cells/μl) 0.042 (0.004, 0.429) 0.008 0.030 (0.004, 0.247) 0.001

CD4+naïve T cell count (cells/μl) 0.031 (0.002, 0.496) 0.014

CD8+naïve T cell count (cells/μl) 0.000 (0.000, 1.133) 0.053

T cell (%) 0.080 (0.014, 0.445) 0.004

CD8+central-memory T cell (%) 2.261 (1.092, 4.681) 0.028

CD8+effector-memory T cell (%) 4.946 (0.849, 28.827) 0.075

CD8+EMRA T cell (%) 0.251 (0.063, 1.008) 0.051

Backward conditional method was used. Model 1 included each T cell parameters and was adjusted for age, sex, BMI, history of CVD, history of diabetes, dialysis
duration, hemoglobin, albumin, prealbumin, urea nitrogen, creatinine, uric acid, phosphorus, calcium, intact parathyroid hormone, β2-microglobulin,
homocysteine, soluble interleukin-2 receptor, N-terminal pro-brain natriuretic peptide and high-sensitivity C-reactive protein. Model 2 included all the related T
cell parameters and was adjusted for the same factors as model 1
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mechanism [21]. Besides thymus atrophy, malfunction
of peripheral maintenance may be a profounder rea-
son of marked decreased naïve T cell in ESRD pa-
tient. Interleukin-7, as the central factor in
maintaining naïve T cells, does not decline with age
but decreases in ESRD patients [22, 23], indicating
there may be a relatively insufficient increase in
homeostatic proliferation in these patients. However,
impaired proliferation function is not the major case
in naïve T cell senescence. Actually, most studies sup-
port age-related loss of naive T cells in both healthy
individuals and ESRD patients associated with an in-
creased turnover [6, 23–25]. The most significant fac-
tor associated with T cell turnover is inflammation. It
is posted that excess cytokines and increased expres-
sion of cytokine receptors, such as those produced in
inflammatory conditions, could be detrimental for
homeostasis and accelerate immune aging [26, 27].
Accordingly, accelerated aging has been described in
several autoimmune diseases [28, 29]. In ESRD pa-
tients, inflammation is significantly enhanced by
uremia [30], which could theoretically accelerate the
processes of aging. Chronic immune stimulation could
also lead to clonally expanded T cell population [31,
32]. Recent studies indicated ESRD patients presented
reduced T-cell receptor diversity with clonal expan-
sions [33, 34], which may has several clinical implica-
tions as it may increase the risk for infections,
malignancies and CVD [14]. In addition, TCR-
mediated signaling was also disturbed among these
patients [35].
CMV infection has a substantial impact on the

composition and function of circulating T cells and is
recognized increasingly as a significant factor for T
cell aging [36]. In infected humans, CMV induces an
inflation of both the CD4+ and CD8+ effector-
memory T cells, followed by a dramatic shrinkage of
TCR repertoire, as such may add to the increased risk
of infections as well as CVD in healthy and ESRD in-
dividuals [37, 38]. In ESRD, 70–100% patients are
CMV seropositive [12, 39]. According to previous re-
search, the additional effects of CMV latency on T
cell ageing parameters in young to middle-aged ESRD
patients were modest and confined mainly to the
CD8+ T cells [40]. While in elderly ESRD patients,
CMV latency seemed to promote highly differenti-
ation in both CD4+ and CD8+ T cells [41]. In
addition, recent studies indicated a higher level of
CMV-IgG was associated with advanced T-cell differ-
entiation and coronary artery disease [42]. It is also
important to note that the expansion of CD28− T
cells seems only occurred in CMV-seropositive pa-
tients with ESRD [43], while CD28− T cells had sig-
nificant pro-inflammatory and cytotoxic function and

was highly associated with cardiovascular complica-
tions, thus CMV infection should account for in-
creased cardiovascular morbidity in CKD patients
[38]. In this study, more than 99% patients were
CMV seropositive, which may confound the effect to
premature T cell ageing by CMV infection and
uremia itself. However, since most studies indicated
CMV infection mostly affected memory T cells, while
in the current study we certainly found a strong asso-
ciation between naïve T cells rather than memory T
cells with mortality, therefore CMV may not be a
major reason of unpleasant prognosis in these
patients.
Other factors could also lead to immune senescence in

patients with CKD. Notably, decreased kidney function
per se and the uremic milieu affect most of the factors
known to accelerate aging, including DNA damage,
phosphate toxicity, klotho deficiency, oxidative stress
and telomere shortening [2]. Accumulation of uremic
toxins is another important factor inducing premature
aging of the T cells [9, 12, 23]. In addition, the treatment
recipe including hemodialysis and iron supplementation
may further exacerbate immunological ageing of the T
cell compartment in these patients [44, 45]. After renal
transplantation, despite of pro-inflammatory cytokines
and oxidative stress decreasing to normal levels, uremia-
associated prematurely aged T-cell immune system still
exists [46], indicating uremia associated T cell aging may
not be reversible. Deeper mechanistic insight into the
phenomena of premature ageing as well as early diagno-
sis of CKD might improve the application and efficacy of
interventions and provide novel lead to combat CVD
and infection in CKD.
Our study had several limitations. First, since the study

population was composed of 99% CMV seropositive pa-
tients, it was not known if the findings could be extrapo-
lated to CMV seronegative ESRD patients. Secondly, T
cells may exhibit aging-related changes in their effector
functions that were not reflected by phenotypic changes.
Finally, this was a single-center study, which might po-
tentially limit the statistical power and its external
validity.

Conclusions
In conclusion, this study posted that naïve T cells deple-
tion was a strong predictor of total mortality in HD pa-
tients. Assessing T-cell ageing parameters could be
useful for picturing the whole immune function and
early identifying patients at high risk of profound com-
plications. Since many factors of maintaining naïve T
cells are disturbed in ESRD patients, further researches
are required to promulgate the underling mechanism
and explore effective method of preventing or even re-
versing uremia associated T cell premature aging.
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