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A B S T R A C T   

Background and aims: Chronic low-grade inflammation is receiving much attention as a critical pathology that 
induces various aging phenotypes, a concept known as “inflammaging”. Uremic patients undergoing hemodialysis 
therapy show vascular aging phenotypes characterized by greater arterial stiffness and calcification compared to 
healthy controls of the same generation. In the current study, we investigated whether levels of inflammaging 
markers in the circulation were associated with vascular aging phenotypes in hemodialysis patients, as estimated 
by the cardio-ankle vascular index (CAVI). 
Methods: We conducted a multicenter cross-sectional study of 412 patients receiving hemodialysis and evaluated 
the relationship between circulating hs-CRP or ANGPTL2 levels, as markers of inflammaging, and CAVI. 
Results: Of 412 patients, 376 were analyzed statistically. While circulating hs-CRP levels had no significant as-
sociation with CAVI, generalized linear models revealed that high circulating ANGPTL2 levels were significantly 
associated with increasing CAVI after adjustment for classical metabolic factors and hemodialysis-related pa-
rameters [β 0.63 (95%CI 0.07–1.18)]. Exploratory analysis revealed that high circulating ANGPTL2 levels were 
also strongly associated with increased CAVI, particularly in patients with conditions of increased vascular 
mechanical stress, such elevated blood pressure [β 1.00 (95%CI 0.23–1.76)], elevated pulse pressure [β 0.75 
(95%CI 0.52–0.98)], or excess body fluid [β 1.25 (95%CI 0.65–1.84)]. 
Conclusions: We conclude that circulating levels of ANGPTL2 rather than hs-CRP are positively associated with 
CAVI in the uremic population and that ANGPTL2 could be a unique marker of progression of vascular aging in 
patients receiving hemodialysis.   

1. Introduction 

The number of patients with uremia due to chronic kidney disease 
(CKD) is increasing, and in 2017, >520,000 individuals underwent he-
modialysis in the US and >334,000 in Japan [1,2]. Survival of CKD 
patients is known to be prolonged by hemodialysis treatment, and 

patients that exhibit significant premature aging phenotypes are at 
increasing risk for premature mortality [3]. Particularly, since the de-
gree of vascular aging is severely accelerated, over 50% of hemodialysis 
patients die of cardiovascular disease (CVD) [4]. Therefore, periodic 
evaluation of the degree of vascular aging in patients receiving hemo-
dialysis is necessary to prevent CVD or premature mortality. 
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Various lifestyle habits, such as lack of exercise and over-eating, as 
well as aging, result in development of continuous smoldering inflam-
mation in the body [5]. Such chronic low-grade inflammation is 
currently receiving much attention as a critical pathology that induces 
or accelerates various aging phenotypes and aging-associated diseases, 
and this condition is known as “inflammaging” [6,7]. Inflammaging is 
also a strong promoter of premature aging in hemodialysis patients, and 
the condition increases mortality risk in the uremic population [3,8–10]. 
Circulating levels of high-sensitivity C reactive protein (hs-CRP) are an 
important biomarker of progression of intravital inflammaging, and 
circulating levels of hs-CRP are reportedly associated with increased 
vascular aging in the non-uremic population [11–13]. In contrast, it is 
controversial whether circulating hs-CRP levels reflect vascular aging in 
the uremic population [14–16]. 

Angiopoietin-like protein 2 (ANGPTL2) functions in physiological 
tissue remodeling by inducing adaptive tissue inflammation; by 
contrast, chronic tissue inflammation induced by excessive ANGPTL2 
activation contributes to the development of various aging-associated 
diseases, including atherosclerosis and abdominal aortic aneurysms 
[17–19]. Interestingly, circulating ANGPTL2 levels reportedly represent 
a predictive biomarker for future development of diabetes and CVD with 
aging in non-uremic subjects, and for risk of mortality in the uremic 
population [20–22]. Moreover, circulating ANGPTL2 levels increase 
with age, and ANGPTL2 expression is associated with cellular senes-
cence, which may promote premature aging and development of 
aging-associated diseases [17,23,24]. Thus, ANGPTL2 is considered a 
senescence-associated secretory phenotype (SASP) factor [25]. 

Here, to determine whether circulating ANGPTL2 levels reflect 
vascular aging in the uremic population, we conducted a multicenter 
cross-sectional study of patients receiving maintenance hemodialysis in 
Kumamoto, Japan. Our study addresses whether circulating levels of hs- 
CRP and ANGPTL2 as inflammaging-related factors are associated with 
values of the cardio-ankle vascular index (CAVI), an important indicator 
of vascular aging in patients receiving maintenance hemodialysis, after 
adjustment for confounding factors. 

2. Materials and methods 

2.1. Study design 

This cross-sectional study was conducted as a part of an observa-
tional, multicenter prospective cohort study targeting a population 
receiving maintenance hemodialysis in five clinics in Japan [22]. From 
March 2011 to March 2012, 412 subjects out of 515 patients who un-
derwent hemodialysis treatment in those clinics were enrolled after 
submitting written informed consent to participate in the study (Sup-
plementary Fig. 1). This study was conducted in accordance with the 
Helsinki Declaration and with the approval of ethics committees for 
clinical research at Kumamoto University. 

2.2. Clinical evaluation and laboratory testing 

We evaluated age (in years) and gender. Smoking habits were 
defined as current smoking status. Obesity was defined as body mass 
index (BMI) ≥25 [BMI: body weight/height [2] (kg/m2)]. Hypertension 
was defined as a past history, or systolic blood pressure (SBP) ≥140 
mmHg or diastolic blood pressure (DBP) ≥90 mmHg. Diabetes was 
defined as past history of diabetes, or serum glucose ≥200 mg/dl. 
Dyslipidemia was defined as past history, or triglycerides ≥150 mg/dl, 
low density lipoprotein cholesterol (LDL-Cho) ≥140 mg/dl, or high 
density lipoprotein cholesterol (HDL-Cho) <40 mg/dl. Cancer, periph-
eral artery disease (PAD), and stroke were defined as past history of 
disease. Statin was defined as having been prescribed statin. RAS in-
hibitor was defined as being prescribed an angiotensin-converting 
enzyme inhibitor or an angiotensin II receptor blocker. We also evalu-
ated total protein (g/dl), albumin (Alb) (g/dl), blood urea nitrogen 

(BUN) (mg/dl), Cr (mg/dl), uric acid (UA) (mg/dl), total cholesterol 
(T-Cho) (mg/dl), calcium adjusted by Peyne’s formula (aCa) (mg/dl), 
and inorganic phosphorus (iP) (mg/ml). aCa x P was defined as the 
product of adjusted aCa and iP (mg⋅dl-1)2. We also evaluated white 
blood cell (WBC) counts (/μl), hemoglobin (Hb) (g/dl), platelets (Plt) 
(X10,000/μl), iron (Fe) (μg/ml), and ferritin (ng/dl). Transferrin satu-
ration (TSAT) was defined as (Fe/total iron binding capacity)*100 (%). 
The whole parathyroid hormone was also evaluated (w-PTH) (pg/ml). 
CTR was defined as the ratio of transverse heart diameter to that of the 
thoracic cage and evaluated by chest X-ray (%). Dialysis vintage (years), 
length of hemodialysis time (hours), and quantity of blood flow (QB) 
(ml/min) were also evaluated. Dialysis dose was defined as single pool 
Kt/V. Increased body weight was defined as that occurring over two 
weekend days without dialysis therapy (kg). Frequency of percutaneous 
transluminal angioplasty (PTA) treatment was defined as the number of 
PTA treatments for shunt stenosis or obstruction over two years before 
study entry. We also evaluated hs-CRP with latex agglutination method 
(ng/ml). All blood samples were collected at time of puncture before 
hemodialysis started and analyzed in 2012 at Bio Medical Laboratory 
(Tokyo, Japan), except for ANGPTL2. 

2.3. Measurement of CAVI 

CAVI was measured using a Vasera VS-1500 vascular screening 
system (Fukuda Denshi Ltd., Tokyo, Japan) with the patient resting in a 
supine position for at least 10 min after start of hemodialysis and 
confirmed to be in stable blood pressure. In brief, electrocardiograph 
electrodes were placed on both wrists, a microphone to detect heart 
sounds was placed on the sternum, and cuffs were wrapped around an 
arm and ankles. Averages of right and left CAVI were used for analysis. If 
patients had vascular accesses in their arms or legs, CAVI was measured 
on the side without vascular accesses. 

2.4. Measurement of circulating levels of ANGPTL2 

The procedure to measure circulating ANGPTL2 levels was previ-
ously reported [22]. In brief, serum specimens were stored at − 80 ◦C, 
and ANGPTL2 protein levels were measured at the Department of 
Nephrology, Kumamoto University, using a human ANGPTL2 
enzyme-linked immune-sorbent assay (ELISA) kit designed to detect 
full-length ANGPTL2 with antibodies targeting respective N- and 
C-termini of the protein (Immuno-Biological Laboratories, Gunma, 
Japan) [20,21,24]. Antibody specificity was confirmed, and antibodies 
did not cross-reacted with other ANGPTLs. 

2.5. Statistical analysis 

To conduct statistical analysis, list-wise case deletion was applied to 
the dataset, and the number of subjects (412) was decreased to 367 
(Supplementary Fig. 1). All variables were visually examined, and 
ANGPTL2, hemodialysis vintage, high sensitive C-reactive protein (hs- 
CRP), whole parathyroid hormone (w-PTH), ferritin, iron (Fe), trans-
ferrin saturation (TSAT), triglycerides (TG), platelets (Plt), amylase, and 
frequency of percutaneous transluminal angioplasty (PTA) treatment 
were log-transformed to correct for skewed distribution. 

To evaluate potential associations between circulating levels of two 
inflammaging markers (hs-CRP or ANGPTL2) and prevalence of 
advanced vascular aging (CAVI ≥ 9), we applied a logistic regression 
model in each. Moreover, to evaluate associations between two circu-
lating inflammaging-related factors factors and CAVI, we applied a 
generalized linear model. Furthermore, bootstrap analysis with 2000 
replications was applied for the generalized linear model indicated 
above, and the average hazard ratio with a 95% confidence interval was 
evaluated. 

All statistical analysis was performed using STATA 15.0 (Stata corp. 
LLC., Lakeway Drive, College Station, TX). All p values were two-tailed, 
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and p < 0.05 was taken as statistically significant. 

3. Results 

Characteristics of study participants at baseline are shown in Table 1. 
Fig. 1 shows a histogram of CAVI and the corresponding proportion of 
patients (%) receiving hemodialysis [median: 9.4 interquartile range: 
(8.3, 10.4)]. High circulating levels of either ANGPTL2 or CRP can 
reflect inflammaging in the uremic population [15,22]. However, high 
circulating levels of either factor may indicate a unique pathological 
condition, as Spearman’s correlation coefficient between circulating 
ANGPTL2 and hs-CRP levels showed a significant but not a strong cor-
relation (correlation coefficient: 0.27, p < 0.001) (Fig. 2). 

To evaluate potential associations between circulating levels of 
ANGPTL2 or hs-CRP and prevalence of advanced vascular aging (as 

indicated by a CAVI score of ≥9, which indicates increased CVD risk), 
we applied logistic regression models in each [26]. These analyses 
revealed no significant association between circulating levels of hs-CRP 
and signs of advanced vascular aging (Fig. 3A). By contrast, a significant 
association between high circulating levels of ANGPTL2 in quartile and 
higher prevalence of advanced vascular aging is shown in patients un-
dergoing hemodialysis, after adjustment for age and gender (Fig. 3B). 

Next, to evaluate associations between circulating levels of hs-CRP or 
ANGPTL2 and CAVI, we applied a generalized linear model. While 
circulating levels of hs-CRP did not show a significant association with 
CAVI (Supplementary Table 1), we observed significant relationships 
between increasing circulating ANGPTL2 levels and increasing CAVI in 
patients undergoing hemodialysis, after adjustment for classical meta-
bolic factors such as age, gender, diabetes, dyslipidemia, and mean 

Table 1 
Patient characteristics at baseline (n = 376).  

Categorical variables Number Percentage 

Male gender 239 63.6 
Current smoking 65 17.3 
Obesity 54 14.4 
Hypertension 313 83.2 
Diabetes 154 41.0 
Dyslipidemia 195 51.9 
Cancer 31 8.2 
PAD 80 21.3 
Stroke 58 15.4 
Statin 79 21.0 
RAS inhibitor 206 54.8 

Continuous variables Median IQR 

Age (years) 65 (58, 74) 
BMI (kg⋅m− 2) 21.2 (19.3, 23.5) 
systolic BP (mmHg) 148 (134, 161) 
diastolic BP (mmHg) 77 (67, 87) 
Total protein (g/dl) 6.6 (6.3, 7.0) 
Albumin(g/dl) 3.9 (3.6, 4.1) 
BUN (mg/dl) 60.8 (52.5, 71.1) 
Creatinine (mg/dl) 11.1 (9.3, 12.6) 
Uric acid (mg/dl) 7.8 (7.0, 8.7) 
T-Cho (mg/dl) 151.5 (132, 172) 
HDL-Cho (mg/dl) 45.5 (63, 94) 
LDL-Cho (mg/dl) 78 (63, 94) 
Triglyceride (mg/dl) 84 (59.5, 127) 
aCa (mg/dl) 9.3 (8.7, 9.7) 
IP (mg/dl) 5.3 (4.6, 6.1) 
aCa x P (mg⋅dl-1)2 48.5 (42.2, 56.8) 
WBC (/μl) 5435 (4420, 6580) 
Hb (g/dl) 10.7 (10.0, 11.4) 
Plt (x10,000/μl) 15.9 (12.9, 19.5) 
Fe (μg/dl) 60 (46, 79) 
Ferritin (ng/ml) 41.9 (23.0, 91.4) 
TSAT (%) 24 (18, 30) 
Whole PTH (pg/ml) 45 (24, 91) 
CTR (%) 48.2 (44.9, 52.1) 
Vintage (years) 5.7 (2.9, 12.1) 
Dialysis time (hour) 4.5 (4.0, 5.0) 
QB (ml/min) 200 (180, 210) 
KT/V 1.45 (1.27, 1.62) 
Increasing body weight (kg) 2.8 (2.1, 3.6) 
PTA treatment frequency 0 (0, 0) 
hs-CRP (ng/ml) 686 (291, 1670) 
ANGPTL2 (ng/ml) 3.24 (2.53, 4.01) 

PAD, peripheral artery disease; RAS inhibitor, renin angiotensin system inhibi-
tor. IQR, inter quartile range; BMI, body mass index; BP, blood pressure; BUN, 
blood urea nitrogen; T-Cho, total cholesterol; HDL-Cho, high density lipoprotein 
cholesterol; LDL-Cho, low density lipoprotein cholesterol; aCa, adjusted cal-
cium; IP, inorganic phosphorus; WBC, white blood cell; Hb, hemoglogin; Plt, 
platelets; Fe, iron; TSAT, transferrin saturation; Whole-PTH, whole parathyroid 
hormone; aCa x P, the product of aCa and IP; Hs-CRP, high-sensitivity C-reactive 
protein; CTR, cardio-thoracic ratio; QB, quantity of blood flow; KT/V, dialysis 
dose; and PTA, percutaneous transluminal angioplasty. 

Fig. 1. Histogram showing CAVI and the corresponding proportion of patients 
(%) receiving hemodialysis. 
Median, 9.35; interquartile range, (8.3, 10.4). 

Fig. 2. Scatter plot of log(hs-CRP) and log(ANGPTL2) in patients receiving 
hemodialysis. 
Red line indicates the lower estimate. 
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arterial pressure (model 2 of Table 2). Interestingly, analysis of the 
generalized linear model and its bootstrap replication revealed that the 
association between ANGPTL2 levels and CAVI remained significant 
after further adjustment for hemodialysis-related parameters, including 
the product of circulating calcium concentration and circulating phos-
phorus concentration and hemodialysis vintages (model 3 and model 4 
of Table 2). 

Furthermore, exploratory stratified analysis using hemodynamics- 
related parameters revealed that the relationship between increasing 
circulating ANGPTL2 levels and CAVI was strong, particularly when 
mean arterial pressure was greater than the median (mean arterial 
pressure ≥101 mmHg), when pulse pressure was elevated relative to the 
median (pulse pressure ≥69 mmHg), or when body weight increased 
over the median (BW gain ≥5.1%), with adjustment by covariates cor-
responding to model 3 in Table 2 (Table 3). 

4. Discussion 

Here, we conducted a cross-sectional study to evaluate whether 
circulating levels of two inflammaging-related factors are associated 
with vascular aging in patients receiving hemodialysis treatment. We 

found that circulating ANGPTL2 levels were positively associated with 
prevalence of advanced vascular aging, as estimated by CAVI, but 
observed no association between circulating hs-CRP levels and vascular 
aging. Furthermore, exploratory stratified analysis revealed that the 
association between circulating ANGPTL2 levels and vascular aging was 
stronger in patients exhibiting elevated mean arterial pressure, elevated 
pulse pressure, or increases of body weight during the non-dialysis 
period. 

As vascular aging progresses in uremic conditions, chronic inflam-
mation suppresses relaxation of vascular smooth muscle cells (VSMCs) 
by interfering with the activity of endothelial nitric oxide synthase 
(eNOS) in vascular endothelial cells, leading to arterial stiffening [27]. 
Furthermore, infiltration of the arterial walls by activated macrophages 
from the blood functions in the progression of vascular aging by 
inducing chronic inflammation in vessels. This activity leads to prolif-
eration of VSMCs, which then acquire phenotypes associated with 
release of matrix metalloproteinase, elastin or collagen degradation, and 
structural arterial stiffening [27,28]. Moreover, in these conditions, an 
increase in uremic toxins promotes osteochondrocytic phenotypes in 
VSMCs and also leads to structural arterial stiffening via calcification of 

Fig. 3. Association between inflammaging-related circulating factors and the presence of advanced vascular aging (CAVI ≥ 9). 
(A) Quantiles of circulating hs-CRP levels and signs of advanced vascular aging. Odds ratio (OR), 95% confidence interval (CI), and p value of each indicated quantile 
[Q1: <291 (n = 94), Q2: 291≤ <686 (n = 94), Q3: 686≤ <1670 (n = 94), Q4: ≥1670 (n = 94) (ng/ml)]. (B) Quantiles of circulating ANGPTL2 levels and signs of 
advanced vascular aging. OR, 95% CI, and p value of each indicated quantiles [Q1: <2.53 (n = 94), Q2: 2.53≤ <3.24 (n = 93), Q3: 3.24≤ <4.01 (n = 95), Q4: ≥4.01 
(n = 94) (ng/ml)]. OR, 95%CI, and p value were estimated after adjustment by age, gender, and location of medical facility. 

Table 2 
Circulating ANGPTL2 levels and CAVI in hemodialysis patients (n = 376).  

Model β 95% CI p 

1 0.63 (0.06, 1.19) 0.029 
2 0.64 (0.13, 1.15) 0.013 
3 0.63 (0.07, 1.18) 0.027 
4 0.63 (0.12, 0.99) – 

Correlation coefficient β of log(ANGPTL2) for CAVI, 95% CI, and p value are 
indicated. Model 1: multivariate generalized linear model adjusted by age, sex, 
and medical facility location. Model 2: adjusted by model 1 plus smoking habit, 
diabetes, dyslipidemia, mean arterial pressure, and BMI. Model 3: model 2 plus 
hemodialysis vintage and Ca x P. Model 4: results from bootstrap analysis with 
2000 replications using model 3. ANGPTL2 was transformed to natural-log 
values. β, regression coefficient; 95% CI, 95% confidence interval; p, probabil-
ity; ANGPTL2, angiopoietin-like protein 2; BMI, body mass index; aCa x P, 
product of aCa and IP. 

Table 3 
Relationship between circulating ANGPTL2 levels and CAVI in measurements 
associated with vascular-mechanical-stress in patients receiving hemodialysis 
(n = 376).  

Stratum Number of patients β 95%CI p 

Mean arterial pressure (mmHg)   
<101 189 0.27 (-0.29, 0.84) 0.346 
≥101 187 1.00 (0.23, 1.76) 0.011 
Pulse pressure (mmHg)   
<69 186 0.47 (-0.57, 1.51) 0.377 
≥69 190 0.75 (0.52, 0.98) <0.001 
BW gain (%)   
<5.1 188 − 0.02 (-1.04, 1.00) 0.963 
≥5.1 188 1.25 (0.65, 1.84) <0.001 

The generalized linear model was used and adjusted by covariates correspond-
ing to model 3 of Table 2. ANGPTL2 levels were transformed to natural-log 
values. β, regression coefficient; 95% CI, 95% confidence interval; p, probability. 
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arterial walls [29,30]. In the current study, association between circu-
lating hs-CRP levels and vascular aging was not found to be significant in 
the uremic population, possibly because hs-CRP is synthesized in the 
liver, and hs-CRP may reflect systemic rather than local inflammation 
[31]. In contrast, circulating ANGPTL2 levels were positively correlated 
with vascular aging in hemodialysis patients. Relevant to arterial stiff-
ening in uremia, we previously reported that ANGPTL2 derived from 
endothelial cells significantly decreased endothelial NO expression by 
suppressing eNOS activity via nuclear factor kappa B (NFκB) activation 
[17]. We also previously reported that ANGPTL2 derived from endo-
thelial cells increased expression of adhesion molecules in an autocrine 
or paracrine manner [17]. We also reported that macrophages infil-
trating arterial walls secrete abundant ANGPTL2 and become activated 
to secrete tumor necrosis factor (TNF), interleukin (IL)-1β, and IL-6 19. 
Moreover, ANGPTL2 plays a critical role in chondrocyte maturation, 
excretion of bone extracellular matrix, and subsequent calcification in 
bone growth [32]. Taken together, these reports suggest that 
ANGPTL2-dependent chronic inflammation may underlie the patho-
genesis of arterial stiffening and vascular calcification in uremia. 
Furthermore, chronic inflammation is seen in uremic conditions and 
progresses to cellular senescence, which in turn enhances inflammation 
as senescent cells secrete SASP factors [33]. ANGPTL2 may accelerate 
this inflammation-senescence cycle by functioning as a SASP factor, in a 
manner similar to IL-6 and TNF alpha. In the current study, we focused 
on the association between circulating ANGPTL2 or hs-CRP levels and 
arterial stiffness, and did not evaluate circulating levels of other 
inflammaging-related factors such as IL-6 or TNF alpha, as these factors 
are already established as promoting vascular aging [10,27,34–36]. 
Interestingly, previous reports from our group have suggested that 
ANGPTL2 signaling increases transcription of other 
inflammaging-related factors [17,19]. Based on these data, we hypoth-
esize that activation of IL-6 and TNF alpha signaling may be among the 
mechanisms used by ANGPTL2 to promote vascular stiffness. 

Hemodynamics-associated mechanical stresses against arterial walls, 
including shear stress or stretch, increase in conditions of elevated blood 
pressure, pulse pressure, or blood flow due to excess body fluid. Here, we 
found the association between circulating ANGPTL2 levels and CAVI to 
be particularly strong in conditions of increased vascular mechanical 
stress indicated above, although we currently do not know why. We 
previously performed ex vivo experiments with human tissues showing 
that mechanical stretch induces ANGPTL2 expression through calci-
neurin/nuclear factor of activated T cells pathways and promotes 
transforming growth factor β expression [37]. This work suggests that 
mechanical stress promotes ANGPTL2 expression in vessels of patients 
undergoing hemodialysis and can enhance vascular aging. 

We note that a limitation of our study is that we did not evaluate 
whether circulating ANGPTL2 levels predict progression of future 
vascular aging. Also, unlike the general population, participants in this 
study have experienced renal failure and thus exhibit significant phe-
notypes indicative of hyperuricemia and increased oxidative stress, 
which are inducers of vascular aging [38–40]. In addition, list-wise 
deletion of cases had the effect of slightly lowering the CTR value of 
analyzed subjects (Supplementary Table 2). Thus, results reported here 
likely apply primarily to members of the uremic population who have 
not experienced severe heart failure. Furthermore, we evaluated CAVI, a 
systemic indicator of vascular aging, as an outcome. However, previous 
reports suggest that ANGPTL2 activity promotes atherosclerosis pro-
gression through NFκB activation, and that circulating ANGPTL2 levels 
are correlated with carotid intima-media thickness (IMT) in the diabetic 
population [17,41]. Thus, future clinical investigations are needed to 
assess whether circulating ANGPTL2 levels are associated not only with 
CAVI but with local indicators of vascular aging such as carotid IMT or 
plaque score in hemodialysis patients. 

In summary, we demonstrate that circulating ANGPTL2 levels are 
associated with vascular aging in patients receiving hemodialysis. We 
conclude that circulating ANGPTL2 levels could serve as a surrogate 

marker of degrees of vascular aging and a means to evaluate risk of 
future CVD or premature death in patients receiving hemodialysis and 
that ANGPTL2-mediated vascular aging may contribute to future risk of 
premature mortality in the uremic population. 
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