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A B S T R A C T

Background. Patients undergoing hemodialysis treatment have
a poor prognosis, as many develop premature aging. Systemic
inflammatory conditions often underlie premature aging phe-
notypes in uremic patients. We investigated whether
angiopoietin-like protein 2 (ANGPTL 2), a factor that acceler-
ates the progression of aging-related and noninfectious inflam-
matory diseases, was associated with increased mortality risk in
hemodialysis patients.
Methods. We conducted a multicenter prospective cohort study
of 412 patients receiving maintenance hemodialysis and evalu-
ated the relationship between circulating ANGPTL2 levels and
the risk for all-cause mortality. Circulating ANGPTL2 levels
were log-transformed to correct for skewed distribution and an-
alyzed as a continuous variable.
Results. Of 412 patients, 395 were included for statistical analy-
sis. Time-to-event data analysis showed high circulating
ANGPTL2 levels were associated with an increased risk for all-
cause mortality after adjustment for age, sex, hemodialysis vin-
tage, nutritional status, metabolic parameters and circulating
high-sensitivity C-reactive protein levels {hazard ratio [HR]
2.04 [95% confidence interval (CI) 1.10–3.77]}. High circulating
ANGPTL2 levels were also strongly associated with an in-
creased mortality risk, particularly in patients with a relatively
benign prognostic profile [HR 3.06 (95% CI 1.86–5.03)].
Furthermore, the relationship between circulating ANGPTL2
levels and mortality risk was particularly strong in patients
showing few aging-related phenotypes, such as younger patients

[HR 7.99 (95% CI 3.55–18.01)], patients with a short hemodial-
ysis vintage [HR 3.99 (95% CI 2.85–5.58)] and nondiabetic
patients [HR 5.15 (95% CI 3.19–8.32)].
Conclusion. We conclude that circulating ANGPTL2 levels are
positively associated with mortality risk in patients receiving
maintenance hemodialysis and that ANGPTL2 could be a
unique marker for the progression of premature aging and
subsequent mortality risk in uremic patients, except those with
significant aging-related phenotypes.

Keywords: aging, angiopoietin-like protein (ANGPTL) 2,
chronic inflammation, hemodialysis, mortality risk

I N T R O D U C T I O N

The number of chronic kidney disease (CKD) patients is in-
creasing worldwide, with estimates of >30 million and >13
million people affected in the United States and Japan, respec-
tively [1, 2]. A large proportion of patients with end-stage CKD
have no alternative but to undergo lifesaving renal replacement
therapy, often in the form of hemodialysis. In 2016, >457 000
individuals underwent hemodialysis in the United States and
>329 000 in Japan [1, 3]. Clinically, the prognosis is poor in
this patient group [4]. Therefore, evaluating mortality risk for
these patients is extremely important.

Patients receiving hemodialysis exhibit significant prema-
ture aging phenotypes compared with healthy individuals or
patients undergoing renal transplant, and these phenotypes
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increase mortality risk in these individuals [5]. The pathological
mechanisms underlying premature aging in these patients are
complex, as several factors, such as uremia, fluid overload,
oxidative stress, comorbidities including heart failure and exog-
enous factors including dialysis treatment itself, may play a role
contributing to the aging phenotypes [6, 7]. However, each of
these pathological mechanisms is associated with chronic
inflammation [6, 7]. In advanced CKD, inflammatory triggers
include activation of the innate immune system, defective
regulation of inflammatory processes and increased cytokine
secretion by uremic senescent cells—a collection of events
known as the senescence-associated secretory phenotype [8].
Subsequently, chronic systemic inflammation in uremia pro-
motes significant modification of metabolism in favor of in-
creased catabolic pathways and proaging mechanisms and
away from anabolic pathways and antiaging mechanisms [6, 7].
These changes accelerate the onset of phenotypes of premature
aging such as muscle wasting, osteoporosis, vascular calcifica-
tion and cardiovascular hypertrophy and contribute to patient
mortality [5, 7]. Accordingly, we hypothesized that circulating
levels of inflammation-related factors may be correlated with
premature aging phenotypes and associated mortality in uremic
patients.

Angiopoietin-like protein 2 (ANGPTL 2), which possesses
an N-terminal coiled-coil domain used for oligomerization and
a C-terminal fibrinogen-like domain, is a secreted protein struc-
turally similar to angiopoietin, although it does not bind to the
angiopoietin receptor [9]. Previously we demonstrated that
ANGPTL2 participates in physiological tissue remodeling and
plays a crucial role in pathological conditions associated
with chronic noninfectious inflammation or aging [10–12].
ANGPTL2 also plays a pivotal role in the progression of multi-
ple age-related conditions such as atherosclerosis, carcinogene-
sis, sarcopenia, frailty and CKD and is a significant inducer of
chronic inflammation [12–16]. Interestingly, because circulat-
ing ANGPTL2 levels parallel the local secretion of the protein
in tissues, it has been suggested that analysis of circulating
ANGPTL2 levels would represent a useful biomarker of
inflammation and aging-related outcomes, including de novo
incidence of diabetes and cardiovascular disease in nonuremic
subjects [17, 18]. However, an association between ANGPTL2
levels and clinical outcomes has not been investigated in the
uremic population.

To address this question, we conducted a multicenter
prospective cohort study of patients receiving maintenance
hemodialysis in Kumamoto, Japan, to determine whether
circulating ANGPTL2 levels predict mortality risk in patients
on maintenance hemodialysis, after adjustment for confound-
ing factors.

M A T E R I A L S A N D M E T H O D S

Study design

This study had an observational, multicenter prospective co-
hort design targeting a population of patients receiving mainte-
nance hemodialysis in five clinics in Japan. From March 2011
to March 2012, 412 of 515 patients who received hemodialysis

treatment in these five clinics were enrolled after written in-
formed consent to participate in the study was provided by all
patients (Supplementary Figure S1). The participating patients
were then followed up for 6 years. This study was conducted in
accordance with the Helsinki Declaration and with approval by
the ethics committees for clinical research at Kumamoto
University.

Measurement of circulating ANGPTL2 levels

Serum specimens were stored at �80�C until subsequent
use. ANGPTL2 protein levels were measured at the
Department of Nephrology, Kumamoto University, using a hu-
man ANGPTL2 enzyme-linked immunosorbent assay kit
designed to detect full-length ANGPTL2 using antibodies tar-
geting the N- and C-termini of the protein (Immuno-Biological
Laboratories, Gunma, Japan) [11, 17, 18]. Antibody specificity
was confirmed, with no antibody cross-reaction detected with
other ANGPTLs.

Statistical analysis

Prior to statistical analysis, listwise case deletion was applied
to the data set and the number of subjects (412 subjects) was re-
duced to 395 (Supplementary Figure S1). All variables were vi-
sually examined and ANGPTL2, hemodialysis vintage, high-
sensitivity C-reactive protein (hs-CRP), whole parathyroid hor-
mone, ferritin, iron (Fe), transferrin saturation, triglycerides,
creatine kinase, platelets, amylase, c-glutamyl transferase, alka-
line phosphatase, aspartate aminotransferase, alanine transami-
nase, total bilirubin and frequency of percutaneous
transluminal angioplasties were log-transformed to correct for
skewed distribution.

Prognostic staging was determined in two steps. First, the
random forest method was applied to ranking according to the
strength of association with the outcome, using all 52 variables
collected from routine clinical data. After clinical consideration,
the 10 strongest risk factors were selected to establish the prog-
nostic stages. Then the survival tree method was applied to cre-
ate nine patient groups with similar prognostic profiles [19].
To generate the final prognostic stage, hazard ratios (HRs) for
the nine patient groups were compared and combined to obtain
a parsimonious model with four prognostic strata.

To perform time-to-event data analysis, the Cox propor-
tional hazard (PH) model was applied. In particular, to evaluate
ANGPTL2 effects and adjust for prognostic strata, strata-
specific baseline hazard with the strata-specific hazard parame-
ter and common hazard parameter models (Models 1 and 2, re-
spectively) shown below were fitted [20].

kðtjxÞ ¼ k0SðtÞ exp ðx’bSÞ. . . ð1Þ
kðtjxÞ ¼ k0SðtÞ exp ðx’bÞ. . . ð2Þ

k0S : strata-specific baseline hazard

bS : strata-specific hazard parameter
b : strata common hazard parameter

To ensure the robustness of hazard estimates using the Cox
PH model, bootstrap analysis with 10 000 replications was per-
formed and the average HR with 95% confidence interval was
determined. To examine the relationship between circulating
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ANGPTL2 levels and aging-related parameters, we applied a
mixed model adjusting for medical facility location to account
for random effects. All statistical analyses were performed using
Stata 15.0 (StataCorp, College Station, TX, USA), except for
random forest analysis, which was conducted using JMP Pro
13.2.1 (SAS Institute, Cary, NC, USA). All P-values were two-
tailed and P< 0.05 was taken as statistically significant.

R E S U L T S

The characteristics of study participants at baseline are shown
in Table 1. Figure 1 depicts a histogram of circulating
ANGPTL2 levels and the corresponding proportion of patients
(%) receiving hemodialysis [median 3.3 ng/mL (interquartile
range 2.5–4.0)]. For the 395 subjects included in our statistical
analysis, the median follow-up time for survival analysis was
2213 days, and 94 of the 395 patients died. To assess for a po-
tential association between circulating ANGPTL2 levels and pa-
tient mortality risk using survival data, we applied the Cox PH
model and found a significant association of high circulating
ANGPTL2 levels with high mortality risk in patients undergo-
ing hemodialysis, after adjustment for age, sex, smoking, diabe-
tes, hypertension, dyslipidemia, body mass index, cancer,
hemodialysis vintage, albumin, cardiothoracic ratio (CTR) and
the product of adjusted calcium and inorganic phosphorus lev-
els (Table 2, Model 2). This association remained significant fol-
lowing adjustment for hs-CRP levels (Table 2, Model 3). These
data suggest that circulating ANGPTL2 levels could serve as a
useful biomarker to predict mortality risk in patients receiving
maintenance hemodialysis, after adjustment for confounding
factors.

Establishment of prognostic profiles of hemodialysis
patients

Next, to define the clinical characteristics of patients in
whom there was a strong association between circulating
ANGPTL2 levels and mortality risk, we performed stratified
analysis using a variable that indicated a patient’s prognostic
profile. We thus generated a synthetic stratum variable indica-
tive of the patient’s mortality risk by using 52 variables collected
from routine medical assessment (Table 1). In generating the
stratum variable, we first performed random forest analysis to
rank variables according to the strength of the association with
mortality risk. After clinical consideration, we selected the 10
highest-ranking, i.e. strongest, risk factors as prognostic indica-
tors (Supplementary Table S1). We then used the survival tree
method to categorize patients into nine groups, compared the
HRs among these nine groups and finally combined the HRs to
obtain a parsimonious model called the ‘prognostic stage’,
which consists of four prognostic strata (Supplementary Figure
S2 and Table S2). Patients were divided into three groups: a
young group (age �69 years), a ‘middle age to elderly’ group
(age 70–80 years) and the ‘most elderly’ group (age �81 years)
(Supplementary Figure S2). In the young group, patients with
the most benign prognostic profile were assigned prognostic

Table 1. Patient characteristics at baseline (n¼ 395)

Categorical variables Number Percentage

Male gender 250 63.3
Current smoker 66 16.7
Obesity 57 14.4
Hypertension 325 82.3
Diabetes 162 41
Dyslipidemia 205 51.9
Cancer 32 8.1
Rheumatoid arthritis 5 1.3
PAD 85 21.5
Stroke 65 16.5
Statin 82 20.8
RAS inhibitor 211 53.4

Continuous variables Median IQR

Age (years) 65 58–74
BMI (kg/m2) 21.17 19.2–23.6
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) 3.8 3.6–4.0
BUN (mg/dL) 60.7 52.3–71.3
Cr (mg/dL) 11.09 9.2–12.5
UA (mg/dL) 7.8 6.9–8.7
TC (mg/dL) 151 131–172
HDLC (mg/dL) 45 37–57
LDLC (mg/dL) 78 63–94
Triglyceride (mg/dL) 84 59–126
aCa (mg/dL) 9.4 8.9–9.9
IP (mg/dL) 5.3 4.6–6.2
Ca � P (mg/dL)2 48.5 42.2–57.0
Mg (mg/dL) 2.7 2.5–2.9
AST (U/L) 13 9–17
ALT (U/L) 10.0 7–13
LDH (IU/L) 182 163–212
GGT (IU/L) 19 13–28
ALP (IU/L) 216 171–279
T-bil (mg/dL) 0.3 0.3–0.4
Amylase (IU/L) 112 87–147
CK (U/L) 86 58–132
WBC (/mL) 5430 4420–6580
Hb (g/dL) 10.7 9.9–11.4
Plt (�10 000/mL) 15.9 12.9–19.5
Fe (mg/dL) 60 46–79
Ferritin (ng/mL) 42.6 23.1–92.9
TSAT (%) 25 18–30
w-PTH (pg/mL) 45 24–93
hs-CRP (ng/mL) 706 295–1830
CTR (%) 48.4 45.0–52.4
Vintage (years) 5.8 2.9–12.2
Dialysis time (h) 4.5 4.0–5.0
QB (mL/min) 200 180–200
Kt/V 1.44 1.25–1.62
Increasing body weight (kg) 2.8 2.1–3.5
PTA treatment frequency 0 0–0

PAD, peripheral artery disease; RAS, renin–angiotensin system; IQR, interquartile range;
BMI, body mass index; BP, blood pressure; BUN, blood urea nitrogen; TC, total choles-
terol; HDLC, high-density lipoprotein cholesterol; LDLC, low-density lipoprotein cho-
lesterol; aCa, adjusted calcium; IP, inorganic phosphorus; Mg, magnesium; AST,
aspartate aminotransferase; ALT, alanine transaminase; LDH, lactate dehydrogenase;
GGT, c-glutamyltransferase; ALP, alkaline phosphatase; T-bil, total bilirubin; CK, crea-
tine kinase; WBC, white blood cell; Hb, hemoglobin; plt, platelets; TSAT, transferrin sat-
uration; w-PTH, whole parathyroid hormone, Ca � P, the product of aCa and IP; hs-
CRP, high-sensitivity C-reactive protein; QB, quantity of blood flow; Kt/V, dialysis dose;
PTA, percutaneous transluminal angioplasty.
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stage 1 (Supplementary Figure S2) and decreased levels of circu-
lating creatinine (Cr; <9.7 mg/dL) or uric acid (UA; �7.5 mg/
dL) were selected as indicators of worsening prognosis. Patients
in the middle age to elderly group were assigned prognostic
stage 2 or higher and indicators of worsening prognosis for
these patients included cardiomegaly (CTR >52.4%) and de-
creased circulating levels of UA (�6.3 mg/dL) (Supplementary
Figure S2). Finally, patients in the most elderly group were
assigned prognostic stages 2 and 4. In this group, higher hs-
CRP (>992.3 ng/mL) or higher ferritin (>40 ng/mL) levels
were significant indicators of high mortality risk
(Supplementary Figure S2). Overall, prognostic stages were de-
fined as stage 1, patients �69 years of age with Cr levels
�9.7 mg/dL and UA levels >7.5 mg/dL; stage 2, patients �69
years of age with Cr levels �9.7 mg/dL and UA levels�7.5 mg/
dL, patients �69 years of age with Cr levels <9.7 mg/dL,
patients 70–80 years of age with CTR <52.4% and UA levels
>6.3 mg/dL or patients �81 years of age with hs-CRP levels
�992.3 ng/mL and ferritin levels �40 ng/mL; stage 3, patients
70–80 years of age with either CTR <52.4% and UA levels
�6.3 mg/dL or with CTR >52.4%; and stage 4, patients �81
years of age with either hs-CRP levels �992.3 ng/mL and ferri-
tin levels >40 ng/mL or with hs-CRP levels >992.3 ng/mL
(Supplementary Figure S2).

Kaplan–Meier survival curves for patients at each prognostic
stage are shown in Figure 2. The Cox PH model and corre-
sponding bootstrap replication analysis also revealed that the
HR for patient mortality risk increased with advanced prognos-
tic stage (Supplementary Table S3). In addition, circulating
ANGPTL2 levels also increased with advanced prognostic stage
(Supplementary Figure S3). Taken together, these data suggest
that the prognostic stages established here are useful as statisti-
cal adjustment to suppress confounding factors when evaluat-
ing the relationship between circulating ANGPTL2 levels and
mortality risk. Thus we conducted multivariate survival analysis
to evaluate this relationship, following adjustment using our
prognostic staging.

Clinical characteristics of patients whose circulating
ANGPTL2 levels are strongly associated with mortality
risk

We next analyzed a potential association between circulating
ANGPTL2 levels and mortality risk at each prognostic stage us-
ing the Cox PH model and bootstrap analysis. This analysis
revealed that high circulating ANGPTL2 levels were signifi-
cantly associated with an increased mortality risk in hemodialy-
sis patients with a relatively benign prognostic profile, i.e. those
assigned prognostic stages 1, 2 and 3, but this association was
not significant in the highest-risk group, i.e. those assigned
prognostic stage 4 (Table 3). To simplify the clinical interpreta-
tion of this analysis, we next evaluated the combined HR of cir-
culating ANGPTL2 levels for mortality risk at prognostic stages
1, 2 and 3, but not stage 4, and found the combined HR for
mortality risk was significant (Table 3). In addition, residual
analysis of this model revealed that ANGPTL2 levels and the
HR for mortality risk were almost linearly associated
(Supplementary Figure S4). In contrast, the association between
circulating ANGPTL2 levels and mortality risk was weaker
in prognostic stage 4 patients, who had poor prognosis and
exhibited aging-related phenotypes such as older age and
elevated circulating hs-CRP or ferritin levels (Table 3 and

FIGURE 2: Kaplan–Meier survival curve of patients receiving hemo-
dialysis at each prognostic stage. Table below the graph indicates the
number of at-risk patients at each prognostic stage. Blue line, stage 1;
green line, stage 2; yellow line, stage 3; red line, stage 4.

FIGURE 1: Histogram showing circulating ANGPTL2 levels and the
corresponding proportion of patients (%) receiving hemodialysis.
Median 3.3 ng/mL (interquartile range 2.5–4.0).

Table 2. Circulating ANGPTL2 levels and mortality risk in hemodialysis
patients (n¼ 395)

Model HR 95% CI P-value

1 2.83 1.54–5.19 0.001
2 2.32 1.43–3.75 0.001
3 2.04 1.10–3.77 0.023

HR of log(ANGPTLT2) for mortality, 95% CI and P-value are indicated. Model 1: crude.
Model 2: multivariate Cox PH model adjusted for age, sex, smoking status, diabetes, hy-
pertension, dyslipidemia, BMI, cancer, hemodialysis vintage, albumin, CTR, Ca � P and
medical facility location. Model 3: Model 2 plus hs-CRP. hs-CRP and ANGPTL2 were
transformed to natural log values.
CI, confidence interval; BMI, body mass index; Ca � P, a product of adjusted calcium
and inorganic phosphorus.
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Supplementary Figure S2). Next, to determine whether the rela-
tionship between circulating ANGPTL2 levels and mortality
risk was influenced by aging-related factors, we conducted strat-
ification analyses on patients assigned prognostic stages 1, 2
and 3. These analyses revealed that there was a strong associa-
tion between high circulating ANGPTL2 levels and increased
mortality risk, especially in subjects with fewer aging-related
phenotypes such as those younger than the median age
(<63 years), those in the group without diabetes and those on
shorter dialysis vintage than the median (<6.2 years) (Table 4).
In addition, our analysis showed that these aging-related
parameters (age, complications of diabetes and longer hemodi-
alysis vintage) were positively correlated with circulating
ANGPTL2 levels (Supplementary Table S4).

D I S C U S S I O N

We conducted a prospective cohort study to assess whether circu-
lating ANGPTL2 levels are associated with mortality risk in
patients receiving hemodialysis treatment. We first demonstrated
that high circulating ANGPTL2 levels are a significant risk factor
for mortality. Next, exploratory stratified analysis revealed that
high circulating ANGPTL2 levels are associated with high mortal-
ity risk, particularly in patients with a relative benign prognostic
profile and fewer aging-related phenotypes. To our knowledge,
this study is the first to show that circulating ANGPTL2 levels can
predict clinically important outcomes in the uremic population.

Circulating ANGPTL2 levels and mortality risk in
patients undergoing hemodialysis

In this study, multivariate survival analysis revealed a signifi-
cant relationship between high circulating ANGPTL2 levels
and increased mortality risk after adjustment for age, sex, he-
modialysis vintage, nutritional status and metabolic parameters
such as complications of diabetes, dyslipidemia and hyperten-
sion. Moreover, this relationship remained significant after fur-
ther adjustment for hs-CRP-related inflammatory status.
Previously our group reported that excess ANGPTL2 secretion
promotes progression of aging-related diseases such as meta-
bolic syndrome, sarcopenia, cancer, CKD and atherosclerosis in
animal models, as well as in vitro [11–16, 21]. In the progression
of aging-related diseases, ANGPTL2 is a potent accelerator of
aging-related phenotypes through activation of reactive oxygen
species or signaling through transforming growth factor b or
nuclear factor jB [9, 12, 13, 16]. These reports are in agreement
with our current data on uremic patients who exhibit pheno-
types of accelerated premature aging compared with healthy
individuals. Our analysis suggests that circulating ANGPTL2
levels reflect the progression of premature aging in uremic
individuals.

Interestingly, our analysis showed a significant relationship
between high circulating ANGPTL2 levels and increased mor-
tality risk in patients with a relatively benign prognostic profile
(prognostic stages 1, 2 and 3), unlike in the middle age to elderly
group (prognostic stage 4). Accordingly, our exploratory analy-
sis revealed that this association persisted in patients showing
fewer aging-related phenotypes, including younger patients,
individuals without diabetes and those on shorter hemodialysis
vintage. Evaluating mortality risk is difficult in hemodialysis
patients, particularly those who do not exhibit poor prognostic/
aging-related indicators such as aging, accelerated inflamma-
tion, excess intracorporeal Fe, long hemodialysis vintage or dia-
betes complications [22, 23]. Although both ANGPTL2 and
CRP are inflammatory markers, calculation of Spearman’s cor-
relation coefficient between circulating ANGPTL2 levels and
hs-CRP at baseline indicated a significant, but not strongly posi-
tive correlation (correlation coefficient 0.27; P< 0.001).
Furthermore, our finding of a significant association between
high circulating ANGPTL2 levels and increased mortality
risk in patients undergoing hemodialysis after adjustment for
confounding factors, including hs-CRP levels, supports the
idea that circulating ANGPTL2 levels could serve as a useful,
unique biomarker of mortality risk that is not detected by
analysis of hs-CRP levels. However, we also noted that in the

Table 3. Relationship between circulating ANGPTL2 levels and HR for mortality risk in hemodialysis patients at each prognostic stage

Prognostic stage Number at risk Number of events HR 95% CI P-value HR (BS) 95% CI (BS)

1 141 5 8.88 (5.35–14.74) <0.001 8.25 (1.61–3.04)
2 168 31 1.72 (1.20–2.49) 0.004 1.65 (1.21–2.51)
3 45 25 6.56 (1.93–22.26) 0.003 6.37 (2.07–25.57)
(Combined stages 1, 2 and 3) 354 61 3.06 (1.86–5.03) <0.001 2.90 (1.72–4.92)
4 41 33 1.47 (0.78–2.79) 0.235 1.44 (0.78–2.97)

The Cox PH model was used and adjusted for prognostic stage and medical facility location (n¼ 395). Combined analysis of prognostic stages 1, 2 and 3 was adjusted for prognostic
stage and medical facility location (n¼ 354).
CI, confidence interval; HR (BS), average HR estimated by bootstrap replication analysis; 95% CI (BS), 95% CI estimated by bootstrap replication analysis.

Table 4. Relationship between circulating ANGPTL2 levels and HR for
mortality risk in hemodialysis patients according to aging-related
parameters

Stratum Number
at risk

Number
of events

HR 95% CI P-value

Age (years)
<63 157 13 7.99 (3.55–18.01) <0.001
�63 197 48 2.02 (0.76–5.33) 0.157

Diabetes
No 209 32 5.15 (3.19–8.32) <0.001
Yes 145 29 1.48 (0.74–2.88) 0.278

Vintage (years)
<6.2 177 30 3.99 (2.85–5.58) <0.001
�6.2 177 31 2.17 (1.01–4.68) 0.047

Patients assigned prognostic stages 1, 2 and 3 were analyzed (n¼ 354). The Cox PH
model was used and adjusted for prognostic stage and medical facility location.
ANGPTL2 levels were transformed to natural log values.
CI, confidence interval.
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most elderly group showing significant aging-related pheno-
types, including those with diabetes or on prolonged hemodi-
alysis, circulating ANGPTL2 levels did not predict mortality
risk, for reasons that are unknown and require further
investigation.

Next, based on our preliminary analysis in this study,
circulating ANGPTL2 levels in uremic patients were higher
compared with a general Japanese population in the Hisayama
study, based on multivariate analysis and adjusted for age and
gender [17, 18]. Further investigations using the same assay
conditions on one cohort are needed to determine whether
ANGPTL2 levels in uremic populations are increased compared
with healthy subjects.

Prognostic staging of patients receiving hemodialysis

Survival tree analysis (Supplementary Figure S2) revealed
that decreased levels of Cr (<9.7 mg/dL at ages �69 years) or
UA (�7.5 mg/dL at ages �69 years or �6.3 mg/dL at ages 70–
80 years) were indicators of poor prognosis. Others reported
that high circulating Cr levels are associated with lowered mor-
tality risk in hemodialysis patients [22, 24, 25]. Circulating Cr
levels have also been shown to reflect changes in muscle mass as
a result of imbalanced anabolic/catabolic metabolism in uremic
individuals [25]. In addition, others reported that high circulat-
ing UA levels are associated with reduced mortality risk in he-
modialysis patients and suggested that UA levels may reflect
patient nutritional status [26–28]. Moreover, UA has been
shown to counteract the adverse effects of uremic toxins such as
indoxyl sulfate through antioxidant activity or by enhancing ni-
tric oxide bioavailability in vascular endothelial cells [26, 29].
These reports are in agreement with our data, which indicate
that decreased circulating Cr or UA levels are associated with
higher all-cause mortality risk in hemodialysis patients. Next,
results of our survival tree analysis (Supplementary Figure S2)
also indicated that increased CTR (>52.4% at ages 70–80 years)
is an indicator of poor prognosis. These findings are supported
by a previous report indicating that cardiomegaly increased
mortality risk in uremic patients [30, 31]. Finally, high hs-CRP
levels (>992.3 ng/mL at ages �81 years) or high ferritin levels
(>40 ng/mL at ages �81 years) were significant indicators of
increased mortality risk, which is consistent with previous
reports showing that circulating CRP or ferritin levels were sig-
nificantly associated with an increased risk of mortality in ure-
mic patients [23, 32, 33]. In the most elderly age group (�81
years), patients may be more vulnerable to inflammatory stress
due to either uremia or infection or due to the presence of ex-
cess intracorporeal Fe as a result of decreased Fe bioavailability
or excess Fe loading.

Taken together, prognostic staging of uremic patients in
this study indicates that prognostic risk factors differ across age
groups, which is an important factor to consider when assessing
mortality risk.

A limitation of our study is that we did not assess whether
circulating ANGPTL2 levels could predict cause-specific,
including cardiovascular-, cancer- and infection-related,
mortality risk. Moreover, using clinical data, we determined
ANGPTL2 levels at baseline and did not examine any

association between time-dependent changes in ANGPTL2 lev-
els and clinical outcomes. Further clinical cohort studies using
larger sample sizes would be needed to assess uremic hemodial-
ysis patients.

In summary, we demonstrated that circulating levels of the
aging-associated factor ANGPTL2 are significantly associated
with mortality risk in patients receiving hemodialysis who
have a relatively benign prognostic profile. We conclude that
ANGPTL2 could serve as a biomarker of progression of prema-
ture aging in uremic patients, except those with significant ag-
ing-related phenotypes.
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