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Angiogenin—A Proposed Biomarker for
Cardiovascular Disease—Is Not Associated
With Long-Term Survival in Patients
With Peripheral Artery Disease
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Abstract
We evaluated angiogenin as a prospective biomarker in peripheral artery disease (PAD) patients with and without claudication
symptoms. A pilot study suggested an elevation of angiogenin in critical limb ischemia. However, in PAD patients, the predictive
value of angiogenin has not yet been evaluated. For this purpose, 342 patients with PAD (age: 69+ 10 years, 34.5% women) were
followed-up for 7 years in a cross-sectional study. Angiogenin was measured by enzyme-linked immunosorbent assay. All-cause
and cardiovascular mortality were analyzed by Cox regression. Angiogenin levels were higher in men (P ¼ .001) and were
associated with patient waist-to-hip ratio (P < .001), fasting triglycerides (P ¼ .011), and inversely with estimated glomerular
filtration rate (P ¼ .009). However, angiogenin showed no association with age, characteristics of diabetes, markers of lipid
metabolism, or C-reactive protein. Angiogenin did not correlate with markers of angiogenesis such as vascular endothelial growth
factor, angiopoietin-2, or tie-2. Furthermore, angiogenin was not associated with PAD Fontaine stages or with patient
ankle-brachial index in addition to all-cause mortality (hazard ratio [HR] ¼ 1.09 [95% CI: 0.89-1.34]) or cardiovascular morality
(HR ¼ 1.05 [0.82-1.35]). These results suggest that angiogenin does not provide further information regarding outcome pre-
diction in patients with PAD.
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Introduction

Angiogenin, a member of the pancreatic RNAse superfamily,

has been suggested as a possible marker for a number of con-

ditions which are associated with increased rates of angiogen-

esis. It represents the only member of the superfamily

expressing that ability.1 First isolated and described in 1985

in tumor cells, it has been found to promote primary and meta-

static tumor growth.2,3 Angiogenin is expressed by tumor-

associated NK cells in colorectal cancer4 but has demonstrated

a widespread expression pattern,5-8 including production in

vascular endothelial cells in culture.9

Angiogenin has been implied to represent a general require-

ment for cell proliferation and angiogenesis when reduced

tumor angiogenesis was observed despite elevated vascular

endothelial growth factor (VEGF) expression in mice.10

Consecutively, angiogenin was reported to be involved in

inflammation11 and tissue regeneration.12 Angiogenin was

shown to sufficiently induce circulating angiogenic cells,

regardless of VEGF involvement, when investigating the rea-

son for greater propensity of neovascularization in deep burn

wounds compared with superficial burn wounds.13 Interest-

ingly, in patients with diabetes, a disease with implications in

both micro- and macrovascular disease, systemic angiogenin

levels were similar in patients with diabetes and healthy con-

trols.3 In chronic kidney disease, angiogenin has been demon-

strated to gradually increase with kidney disease progression

assessed by chronic kidney disease stage in a small patient

cohort.14 Experimental in vitro hypoxemia models in period-

ontal fibroblasts increased expression of angiogenin.15 Apart

from angiogenesis, angiogenin has been shown to induce nitric

oxide synthase activity.16 In coronary artery disease patients,

higher angiogenin levels were associated with better develop-

ment of coronary collateral circulation.17 It was shown that
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after revascularization procedures, angiogenin levels

decrease,18 supporting an important role in angiogenesis. In

cardiac ischemia, this increase in angiogenin levels could be

shown both in an acute setting and in a chronic setting where

higher levels predicted future adverse events.19

A positive therapeutic effect of an increase in serum levels

has been shown in mammals, where stem cell transplantation of

cells transfected with the angiogenin gene led to an improve-

ment of heart perfusion and function.20 Additionally, angio-

genin has been suggested as a possible biomarker for

improvement after ischemic strokes.21

In peripheral artery disease (PAD), limited data are avail-

able. Angiogenin concentrations have been hypothesized to be

associated with compensatory revascularization in Fontaine

stage IV,22 and elevated angiogenin levels have been reported

in a small sample of patients with PAD and critical limb ische-

mia with ulceration.3 Prospective data on patient with PAD and

angiogenin is lacking. The present study aims to evaluate

angiogenin as possible prospective biomarker in PAD patients

with and without claudication symptoms- and outcome.

Materials and Methods

Study Population

Angiogenin was measured from frozen blood samples from the

Vascular Medicine Center Vienna cohort. Frozen blood samples

were available in 342 patients of 370 patients. Detailed inclusion

and exclusion criteria have been published, previously.23

Briefly, all patients included exhibited stable PAD (asympto-

matic or with claudication) without planned revascularization.

Key exclusion criteria consisted of critical limb ischemia and/or

ulceration, patients with known cancer or severe renal insuffi-

ciency (serum creatinine above 3 mg/dL [265.2 mmol/L]).

The study was approved by the ethics committee of the Medical

University of Vienna and complies with the Declaration of Hel-

sinki including current revisions and the Good Clinical Practice

guidelines.24,25 The procedures followed were in accordance

with institutional guidelines and all participants gave their writ-

ten informed consent before inclusion into the study.

Definition of Cardiovascular Comorbidities

Baseline demographic and clinical characteristics were

recorded. Hypertension was defined as a systolic blood pres-

sure (BP)�140 mm Hg and/or a diastolic BP�90 mm Hg in at

least 2 measurements26 or active use of antihypertensive med-

ication. Diabetes mellitus type 2 was defined as a fasting

plasma glucose level >7.0 mmol/L, glucose level over

11.1 mmol/L after standardized oral glucose tolerance test,27

glycated hemoglobin (HbA1c) of at least 6.5%, or active use of

an antidiabetic agent. Body mass index (BMI) was calculated

as body weight in kilograms divided by squared body height in

m (kg/m2). Fasting blood samples were drawn at baseline for

glucose HbA1c, cholesterol, liver, and renal function parameter

monitoring. Spot urinary albumin-to-creatinine ratio (UACR)

with >30 mg/g were classified as microalbuminuria and >300

mg/g as macroalbuminuria. Estimated glomerular filtration rate

(eGFR) was calculated by the Chronic Kidney Disease Epide-

miology (CKD-EPI) equation.28

Definition of PAD

Presence of PAD disease was detected by noninvasive ankle-

brachial index (ABI) measurements and sphygmomanometric

oscillography (ELCAT VL5000) by trained technicians.

Systolic BP was measured in both arms (brachial arteries) and

both ankles (dorsal pedal arteries and posterior tibial arteries).

Ankle-brachial index was calculated according to the Trans-

Atlantic Inter-Society Consensus criteria29 by dividing of the

higher ankle pressure by the highest brachial pressure. In case

of incompressible ankle arteries (ABI >1.4), patients were

classified as media sclerosis.

Sample Collection and Measurement of Angiogenetic
Proteins

Fasting blood samples were collected at study entry and stored

at �80 �C. Plasma angiogenin levels were measured using a

sandwich enzyme-linked immunosorbent assay (ELISA; R&D

Systems Inc) with an intra-assay and inter-assay variation of

4.7% and 8.4%, respectively. Angiopoietin-2, Tie-2, and

VEGF have been already assessed in this patient cohort30 using

bead-based multiplex assay for the Luminex platform with a

sensitivity of 17.1, 16.0, and 2.1 pg/mL (R&D Systems).

The intra-assay and inter-assay coefficient of variation for

angiopoietin-2, Tie-2, and VEGF levels were 5.7 and 3.2%,

7.0 and 3.6%, and 9.7 and 5.0%, respectively.

Follow-Up and Outcome

Follow-up of patients was conducted as previously described to

identify cardiovascular and PAD specific events.23 Mortality

was assessed by queries of the Austrian central death registry

managed by Statistics Austria, a department of the federal gov-

ernment of Austria. In case of survival, patients were addition-

ally contacted by phone to ensure data quality. International

Statistical Classification of Diseases and Related Health

Problems 10th Revision (ICD-10) codes were retrieved from

the central death registry and verified by hospital or autopsy

reports as available to quantify cardiovascular mortality.

During the study period, 86 patients within 7 (6.3-7) years

died. ICD-10 mortality codes were classified as 60

cardiovascular, 21 oncological, and 5 other causes of death.

Major cardiovascular events (MACE) including nonfatal

stroke, nonfatal myocardial infarction, and all-cause death

were available for the first 5 study years. Major

cardiovascular events included 13 nonfatal myocardial

infarctions, 11 nonfatal stroke, and 43 deaths. It has to be

noted that patients with a history of cancer were not eligible

to participate in this study; however, during the observation

period, 24.4% died due to oncological cause reflecting the

increased risk of the development of cancer in patients with

PAD.31
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Statistics

Data are presented as mean + SD or median (25; 75 percen-

tile). Angiogenin levels were log-transformed for statistical

analyses due to skewed distribution. Student unpaired t test

as well as w2 test were used as appropriate. Pearson correlation

coefficient was applied. Survival was analyzed by

Cox-regression analysis to estimate effect size. Effect size for

continuous parameters is given as hazard ratio (HR) per 1 SD

and 95% CI. A 2-sided P < .05 was considered significant.

All statistical analyses were performed with the statistical

software package SPSS 24 (IBM).

Results

This study included 342 PAD patients (age 69 + 10 years,

34.5% women). Angiogenin levels were higher in men com-

pared with women (P ¼ .001) as depicted in Figure 1. Typical

cardiovascular risk factors such as hypertension (P ¼ .079),

type 2 diabetes mellitus (P ¼ .368), statin intake (P ¼ .218),

or active smoking (P ¼ .988) were similar in all angiogenin

tertiles. Previous stroke (P ¼ .546) or myocardial infarction

(P ¼ .339) was evenly distributed among angiogenin tertiles.

Detailed baseline characteristics according to angiogenin

tertiles are depicted in Table 1.

Angiogenin and Anthropometric as Well as Laboratory
Parameters

Angiogenin showed no association with patient age (r¼�0.008,

P¼ .878), bodyweight (r¼ 0.087,P¼ .110), or BMI (r¼ 0.045,

P¼ .405). However, angiogenin levels were significantly linked

with the waist-to-hip ratio (r ¼ 0.206, P < .001). In univariate

correlation analyses, angiogenin levels showed no association

with fasting glucose (r ¼ 0.057, P ¼ .295) or HbA1c

(r¼ 0.065, P¼ .234) as continuous markers of glucose metabo-

lism. Patients with type 2 diabetes mellitus (2.81+ 0.16 ng/mL)

showed similar angiogenin levels as those without diabetes

(2.79+ 0.15 ng/mL,P¼ .192). Angiogenin was associated with

fasting triglycerides (r¼ 0.137, P¼ .011) but showed no associ-

ation with total cholesterol (r ¼ 0.012, P ¼ .829), low-density

lipoprotein–cholesterol (r ¼ �0.018, P ¼ .746), or high-density

lipoprotein-cholesterol (r ¼ �0.033, P ¼ .549) levels.

Angiogenin levels were inversely associated with eGFR levels

(r ¼ �0.142, P ¼ .009) but showed no association with UACR

levels (r¼ 0.091,P¼ .100). Angiogenin levelswere not linked to

C-reactive protein levels (r ¼ �0.074, P ¼ .174).

Angiogenin and other Biomarkers for Angiogenesis

Angiogenin levels were not associated with other known bio-

markers of angiogenesis such as VEGF (r ¼ 0.059, P ¼ .278,

n ¼ 338) and angiopoietin-2 (r ¼ 0.070, P ¼ .278, n ¼ 341)

levels or the corresponding receptor tie-2 (r ¼ 0.048 P ¼ .404,

n ¼ 304).

Angiogenin and PAD

Angiogenin levels were similar in patients with asymptomatic

PAD and claudication symptoms assessed by the Fontaine

classification (P ¼ .705) as shown in Figure 2A. In addition,

angiogenin levels showed no association with ABI decline

(r ¼ 0.075, P ¼ .242) or ABI category (P ¼ .188) as shown

in Figure 2B. Angiogenin levels were not influenced by the

presence of media sclerosis (P ¼ .741).

Angiogenin and Cardiovascular Outcome

Baseline angiogenin levels were not associated with all-cause

mortality (HR ¼ 1.09 [0.89-1.34], P ¼ .393) or cardiovascular

morality (HR ¼ 1.05 [0.82-1.35], P ¼ .709) over 7 years.

Furthermore, angiogenin levels were not related with MACEs

(HR ¼ 1.01 [0.78-1.30], P ¼ .973) over 5 years.

Discussion

This study showed that angiogenin levels were similar in vary-

ing degrees of stable PAD severity as assessed by the ABI.

The presence of intermittent claudication as a symptom of

recurrent local ischemia in the effected limb did not increase

angiogenin levels.

Angiogenin levels both for symptomatic and asymptomatic

stable PAD patients of this cohort were similar to those of a

previous small cohort of intermittent claudication and healthy

control patients.22 However, in this study,22 in patients with

critical limb ischemia and ulceration (n ¼ 38), angiogenin

levels were elevated compared with stable PAD and healthy

controls. Thus, with regard to the stronger power of our current

study due to the larger sample size for stable PAD, elevated

angiogenin levels might be due to local inflammation induced

by ulcerations.

Furthermore, a possible association of C-reactive protein

and angiogenin has not been studied in patients with critical

limb ischemia up to date.22 In this study, the only available

marker of systemic inflammation, C-reactive protein, was

not linked to systemic angiogenin levels. This finding is

in line with a previous study, in which systemic angiogenin

Figure 1. Box plot of angiogenin levels according to patient sex.
Differences were analyzed by Student unpaired t test after log
transformation of angiogenin.
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levels were unchanged in relation to C-reactive protein

elevation above normal limits in hemodialysis patients.32

In line with the published literature,3 angiogenin levels were

unchanged by the presence of type 2 diabetes. Furthermore,

HbA1c as a long-term marker of diabetes severity or fasting

glucose as a short-term marker of diabetes control were not

associated with angiogenin levels. In the literature, a trend for

an association of diabetes and angiogenin has been reported.3

Since patients with diabetes mellitus often qualify for the term

metabolic syndrome, this finding might actually be based on

Table 1. Baseline Characteristics According to Angiogenin Level Tertiles.

Low Medium High P

n 114 114 114
Age (years) 69 + 10 69 + 11 69 + 10 .966
Female, n (%) 55 (48.2) 37 (32.5) 26 (22.8) <.001
BP systolic (mm Hg) 140 + 23 142 + 21 142 + 20 .683
BP diastolic (mm Hg) 77 + 11 78 + 12 79 + 11 .297
Body mass index (kg/m2) 27.4 + 4.4 27.1 + 3.9 28 + 4.0 .229
HbA1c (mmol/mol) 42 (38-48) 42 (39-48) 42 (39-51) .273
Triglycerides (mg/dL) 127 (102-179) 141 (106-200) 151 (97-211) .067
HDL-C (mg/dL) 51 (55-64) 52 (43-63) 50 (43-57) .548
LDL-C (mg/dL) 106.4 (85.6-129.4) 105.1 (82.8-131.4) 96.9 (79.6-122.6) .539
Statin usage, n (%) 92 (82.9) 90 (80.4) 84 (74.5) .218
C-reactive protein (mg/dL) 0.31 (0.16-0.55) 0.27 (0.14-0.54) 0.30 (0.13-0.56) .645
eGFR (mL/min/1.73 m2) 78.7 + 15 67.3 + 18.0 57.5 + 19.5 .052
UACR (mg/g) 7.5 (4-20) 11 (5-34) 12 (5-38) .300
Angiogenin (ng/mL) 450 (385-495) 650 (607-704) 924 (829-980) <.001
Ankle-brachial index 0.79 + 0.23 0.78 + 0.20 0.79 + 0.21 .908
Hypertension, n (%) 100 (87.7) 106 (93) 109 (95.6) .079
Type 2 DM, n (%) 45 (39.8) 50 (43.9) 56 (49.1) .368
Smoking—active, n (%) 38 (33.3) 39 (34.2) 42 (36.8) .922
Coronary artery disease, n (%) 26 (22.8) 35 (30.7) 45 (39.5) .025
Carotid artery disease, n (%) 48 (42.1) 41 (36) 43 (37.7) .618

Abbreviations: ANOVA, analysis of variance; BP, blood pressure; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate according to CKD-EPI
equation; HbA1c, glycated hemoglobin A1c, HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; UACR, urine albumin-to-
creatine ratio; suPAR, soluble urokinase plasminogen activator receptor.
aData are mean+ SD or median (25; 75 percentile) or n (%). Differences were analyzed by ANOVA and w2 test as appropriate. An a-level of P < .05 (2-tailed) was
considered statistically significant.

Figure 2. Box plot of angiogenin levels according to (A) Fontaine stage or (B) ankle-brachial index. Differences were analyzed by analysis of
variance (ANOVA) after log transformation of angiogenin.
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the observed association of the patient’s waist-to-hip ratio and

angiogenin in the current study.

Angiogenin levels are increased in advanced chronic kidney

disease14 and hemodialysis patients.32 The present study adds

that angiogenin levels are linked to eGFR levels (CKD-EPI

formula) in moderate kidney disease. Interestingly, angiogenin

was not related to urinary albumin-to-creatine ratio, another

marker of declining kidney function. This lacking association

of angiogenin with albumin-to-creatine ratio is, however,

biased by only 20 patients categorized as exhibiting macroal-

buminuria and thus low statistical power.

In contrast to patients with acute coronary syndrome,33

angiogenin was not a predictor of cardiovascular events in

patients with PAD. A possible explanation for this discrepancy

might be that this study was restricted to stable PAD patients

without planned peripheral or cardiac revascularization.

However, the presence of additionally known coronary artery

disease increased angiogenin levels significantly (2.79 + 0.15

vs 2.83 + 0.16 ng/mL, P ¼ .016). Subgroup analyses of PAD

patients with and without coronary artery disease showed no

association with all-cause or cardiovascular mortality. It has to

be considered that no invasive screening for coronary artery

disease was performed in this study, thus it would be expected

that some patients were misclassified.

Additionally, other angiogenic markers such as VEGF or

angiopoetin-2, a marker known to be associated with increased

mortality in PAD patients,30 were not associated with angio-

genin levels. No association of angiogenin and VEGF has been

reported in hemodialysis patients.32

Several limitations have to be considered. First, the study

was restricted to stable PAD patients, thus we are not able to

define a possible role of angiogenin in ischemia ulceration and

signs of systemic inflammation. Second, angiogenin was mea-

sured once at baseline, thus no angiogenin levels contemporary

to MACE events were available. Third, PAD patients have an

abundance of comorbidities influencing their clinical outcome

and raising the threshold for a biomarker to be of added benefit.

In addition, according to current clinical practice and guide-

lines, no invasive screening for coronary artery disease was

performed in asymptomatic patients.

In conclusion, the measurement of systemic angiogenin lev-

els in stable PAD patients currently lacks additional value to

foster patient care.
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