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Abstract 

Abstract (English) 

End-stage renal disease (ESRD) patients receiving hemodialysis (HD) continue to have 

a low quality of life and face severe mortality. Biomarkers involved in deterioration and 

predicting the clinical outcome in ESRD patients on HD are needed. Abnormal 

angiogenesis has been noted in kidney diseases, characterized by a disruption of balance 

in the expression of pro-angiogenic and anti-angiogenic factors. The most dominant pro-

angiogenic factor, vascular endothelial growth factor, has shown a critical effect in the 

pathogenesis of kidney diseases in past studies. Moreover, Angiopoietin-2 (Ang-2), as 

one of the most well-characterized vascular growth factors, its circulating level is 

increased in HD patients and has been reported to have a prognostic significance for 

mortality in patients with chronic kidney disease. Together with previous evidence of 

sexual dimorphism in endothelial cell-derived growth factors, this study evaluated the 

prognostic value of Ang-2 in HD patients and its sexual difference. Prevalent HD patients 

were recruited and followed up for five years for all-cause mortality. Circulating Ang-2 

concentrations were assessed by validated ELISA. Survival analysis was performed 

using Kaplan-Meier analysis and Cox proportional hazards regression analysis. There 

were 157 deaths among 313 participants during the follow-up. The median level of Ang-

2 was 91.20 pmol/l (interquartile range 63.35, 140.65 pmol/l). Ang-2 concentration was 

significantly lower in survivors than in non-survivors (p<0.0001), and this finding was 

significant in male patients (p<0.0001), but not in female patients (p=0.249). Male HD 

patients with lower Ang-2 levels (<111.0 pmol/l) were associated with a decrease in all-

cause mortality (p<0.0001). In multivariate Cox regression analyses, after adjusting for 

factors known to be associated with Ang-2 and mortality, elevated Ang-2 was 

independently associated with an increased risk of all-cause mortality in male HD patients 

(HR, 3.294, 95% CI, 1.768-6.138, p=0.0002 for males, HR, 1.084, 95% CI, 0.476-2.467, 

p=0.847 for females). In conclusion, this study revealed a significant sex difference in the 

association between serum Ang-2 levels and all-cause mortality in prevalent HD patients. 
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The risk of death was increased in male patients with elevated Ang-2 levels. Furthermore, 

Ang-2 may not only be a biomarker for predicting the outcome but is likely a potent 

vascular hormone that contributes to the pathophysiology of vascular injury in kidney 

disease. Present study after independent validation may inspire the development of Ang-

2 antagonists to improve outcomes in male ESRD patients. 
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Zusammenfassung (Deutsch) 

Patienten mit terminaler Niereninsuffizienz, die eine Hämodialyse (HD) erhalten, haben 

nach wie vor eine geringe Lebensqualität und eine hohe Mortalität. Es werden Biomarker 

benötigt, die an der Verschlechterung der Lebensqualität beteiligt sind und das klinische 

Ergebnis bei Patienten mit terminaler Niereninsuffizienz vorhersagen. Bei 

Nierenerkrankungen wurde eine abnorme Angiogenese festgestellt, die durch eine 

ausgewogene Störung der Expression von pro- und anti-angiogenen Faktoren 

gekennzeichnet ist. Angiopoietin-2 (Ang-2), einer der am besten charakterisierten 

vaskulären Wachstumsfaktoren, ist im Blutkreislauf von HD-Patienten in erhöhter 

Konzentration vorhanden und hat Berichten zufolge eine prognostische Bedeutung für 

die Mortalität von Patienten mit chronischen Nierenerkrankungen. Zusammen mit 

früheren Hinweisen auf Geschlechtsunterschiede bei den aus Endothelzellen 

hergestellten Wachstumsfaktoren untersuchte diese Studie den prognostischen Wert von 

Ang-2 bei HD-Patienten und dessen Geschlechtsunterschiede. Prävalente HD-Patienten 

wurden rekrutiert und fünf Jahre lang nachbeobachtet, um die Gesamtmortalität zu 

untersuchen. Zu Beginn wurden demografische und medizinische Daten erhoben, und 

die zirkulierenden Ang-2-Konzentrationen wurden mit einem validierten ELISA bestimmt. 

Während der Nachbeobachtungszeit starben 157 der 313 Teilnehmer. Der Medianwert 

von Ang-2 betrug 91,20 pmol/l (Interquartilsbereich 63,35 bis 140,65 pmol/l). Die Ang-2-

Konzentration war bei den Überlebenden signifikant niedriger als bei den Nicht-

Überlebenden (p<0,0001), und dieser Befund war signifikant bei männlichen Patienten 

(p<0,0001), aber nicht bei weiblichen Patienten (p=0,249). Männliche HD-Patienten mit 

einem niedrigeren Ang-2-Spiegel (<111,0 pmol/l) waren mit einem Rückgang der 

Gesamtmortalität verbunden (p<0,0001). In multivariaten Cox-Regressionsanalysen, 

nach Anpassung an Faktoren, von denen bekannt ist, dass sie mit Ang-2 und der 

Sterblichkeit in Zusammenhang stehen, war ein erhöhter Ang-2-Wert bei männlichen HD-

Patienten unabhängig mit einem erhöhten Risiko für die Gesamtsterblichkeit verbunden 

(HR, 3,294, 95% CI, 1,768-6,138, p=0,0002 für Männer, HR, 1,084, 95% CI, 0,476-2,467, 

p=0,847 für Frauen). In dieser Studie wurde ein signifikanter geschlechtsspezifischer 
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Unterschied im Zusammenhang zwischen den Ang-2-Serumspiegeln und der 

Gesamtmortalität bei HD-Patienten festgestellt. Das Sterberisiko war bei männlichen 

Patienten mit erhöhtem Ang-2-Spiegel erhöht. Außerdem könnte Ang-2 nicht nur ein 

Biomarker für das Ergebnis sein, sondern wahrscheinlich auch ein starkes Gefäßhormon, 

das zur Pathophysiologie der Gefäßschäden bei Nierenerkrankungen beiträgt. Die 

vorliegende Studie könnte nach unabhängiger Validierung die Entwicklung von Ang-2-

Antagonisten anregen, um die Ergebnisse bei Patienten mit terminaler Niereninsuffizienz 

zu verbessern. 
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1 Introduction 

1.1 Angiopoietin-2 in vascular physiology and pathophysiology 

Angiogenesis is involved in many physiological situations and pathological situations with 

endothelial dysfunction in response to tissue damage or deficiencies of oxygen and 

nutrients (1, 2). A common pathological situation is a tumor-induced angiogenesis, where 

new vascular networks are rapidly developed to support the high proliferative rate of 

cancer cells (3). Tumoral microvascular density is an independent predictor of metastasis 

and overall survival in cancer patients (4). In addition, angiogenesis also has wide-ranging 

effects on ischemic diseases and inflammatory disorders (1). Angiogenesis is induced by 

an imbalance between pro-angiogenic and anti-angiogenic factors (5), and angiopoietins 

are regarded as one of the most important angiogenic factors (4).  

Angiopoietin-2 (Ang-2) is one of the most well-characterized vascular growth factors 

belonging to the angiopoietin/Tie signaling system. All molecules of this system are 

signaling toward the vascular-specific receptor tyrosine kinase pathway that plays a 

fundamental role in angiogenesis (6). Ang-2, a 496 amino acid long protein with 

approximately 60% amino acid homology to angiopoietin-1 (Ang-1), was shortly identified 

after Ang-1 by homology screening (7). Ang-1 and Ang-2 regulate vascular remodeling, 

maturation, and stabilization via counteracting actions (8). Ang-1 is a potent agonist of 

the Tie2 receptor, combines and phosphorylates Tie2 receptor, which then signals anti-

inflammatory to the endothelium, thus, regulating the survival of endothelial cells (ECs) 

and therefore stabilizing vascular structure. Ang-2 binds to the Tie2 with the same binding 

affinity as Ang-1. However, Ang-2 acts as a natural antagonist of Ang-1 and competes 

with Ang-1 for combining with Tie2, thus, leading to degradation of the basal lamina and 

vascular instability (8-10). 

Ang-2 is mainly generated by ECs and deposited in endothelial Weibel-Palade bodies 

(WPBs) (11), acts in an autocrine manner, and its expression is highly regulated (6). The 

Ang-2 expression may be upregulated in various conditions, such as inflammation (12), 

hypoxia (13), and cancer (14). Increased Ang-2 level has been published in patients with 
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endothelial dysfunction and vascular inflammation, such as diabetes mellitus (15), chronic 

kidney diseases (CKD) (16), cardiovascular diseases (CVD) (17), systemic lupus 

erythematosus (18) and systemic inflammatory response syndrome (19, 20). 

 
1.2 Role of Angiopoietin-2 in kidney 

Ang-2 is widely expressed during kidney development and plays considerable roles in the 

maturation of glomeruli and renal blood vessels. However, it is significantly 

downregulated in the adult kidney, so Ang-2 is very low in normal mature glomeruli (21, 

22). In chronic kidney injury with nephron reduction, significant remodeling and 

proliferation of peritubular capillaries in the renal cortex were accompanied by increased 

renal vascular endothelial growth factor (VEGF) protein levels (23). Furthermore, past 

studies discovered that regression of glomerular endothelial cells is associated with 

apoptosis, which may affect the progression of glomerulosclerosis and has been reported 

as a feature of experimental models of glomerular disease, including remnant kidneys 

(22, 24). Thus, Ang-2, as a crucial regulator of glomerular vascular remodeling and ECs 

stabilization, has been implicated in the pathological process of glomerular diseases. 

It has been shown that Ang-2 expression is significantly increased in glomeruli of 

animal models of several kidney diseases. Yuan HT et al. (22) reported that glomerular 

capillaries loss was associated with upregulated Ang-2 during anti-glomerular basement 

membrane glomerulonephritis (anti-GBM GN) in a mice model. In acute anti-Thy1.1 

glomerulonephritis, there was a higher expression of Ang-2 within the glomeruli with the 

disease than in controls, and it played a pivotal role in disrupting endothelial homeostasis 

(25). Lu YH et al. (26) found that increased Ang-2 in plasma and glomeruli may mediate 

the permeability of proteins through the glomerular filtration barrier in a daunorubicin-

induced progressive glomerulosclerosis rat model. In addition, local expression of Ang-2 

may promote the progression of glomerulosclerosis by upregulating the expression of 

components of the extracellular matrix. Moreover, the expression of Ang-2 was also 

increased in the animal model of diabetic nephropathy (27, 28). 

In clinical studies, increased blood Ang-2 level was discovered in CKD patients and 
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was associated with advanced pathological features and deterioration of renal function. 

David S et al. (29) found that plasma Ang-2 level steadily increased in parallel to the 

progression of CKD, and there is a significant negative correlation between Ang-2 level 

and GFR in patients with stages 1-4 CKD. Over a four-year observation period of patients 

with stages 4-5 CKD, elevated circulating Ang-2 levels strongly predicted long-term 

mortality, and this predictive value is independent of conduit arterial stiffness or vascular 

calcification (30). Later, Chang FC et al. (31) reported the independent association of 

circulating Ang-2 level with albuminuria and micro-inflammation, both of which are 

associated with increased risk of CVD and mortality in CKD patients. Besides, Tsai YC et 

al. (32) evaluated the association of Ang-2 level with adverse renal outcomes in patients 

with CKD during a three-year observation period. They reported that Ang-2 level was 

associated with a composite renal outcome (initiation of dialysis or creatinine doubling) 

even after adjusting for baseline renal function and relevant risk factors. Furthermore, 

high Ang-2 levels were positively associated with structural cardiac abnormalities in 

patients with stages 3-5 CKD, implying that Ang-2 might participate in cardiovascular 

burdens (16). 

 
1.3 Dialysis and Angiopoietin-2 

The incidence of end-stage renal disease (ESRD) is increasing globally. According to the 

latest annual report 2019 from European Renal Association (https://www.era-

online.org/registry/AnnRep2019.pdf ), 89,579 people out of a population of 680 million 

started renal replacement therapy (RRT) for ESRD in 2019, resulting in an overall 

unadjusted incidence of 132 per million population (pmp). On 31 December 2019, 607, 

320 patients were receiving RRT for kidney failure, corresponding to an overall 

unadjusted prevalence of 893 pmp. Of all patients, 61% of the patients were male, 55% 

were under 65 years old, and the top four known causes of primary renal diseases were 

glomerulonephritis/sclerosis (18%), diabetes mellitus (15%), miscellaneous (14%) and 

hypertension (10%). When RRT was initiated, hemodialysis (HD) was the primary 

treatment modality (84%). In prevalent patients, 58% of patients were on HD, 5% were 

https://www.era-online.org/registry/AnnRep2019.pdf
https://www.era-online.org/registry/AnnRep2019.pdf
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on peritoneal dialysis, and 37% had kidney transplants. As a result, patients with ESRD 

continue to suffer a low quality of life and face severe mortality. For patients who initiated 

RRT during 2010-2014, the unadjusted five-year probability of survival was 51.9% (95% 

CI, 51.6-52.1). For patients who started RRT with dialysis during this period, the 

unadjusted five-year probability of survival was 42.3% (95% CI 42.1-42.6).  

The major cause of death was cardiovascular disease in ESRD patients on HD 

treatment (33). At the same time, conventional risk factors, like diabetes, dyslipidemia, 

hypertension, aging, etc., are insufficient to predict the higher risk of cardiovascular 

disease in ESRD patients on HD patients than in the general population or renal 

transplant recipients (RTRs) (34, 35). There is growing evidence of increased circulating 

Ang-2 levels in patients treated with dialysis (30, 36, 37), and its prognostic significance 

for cardiovascular disease has been reported only in children on chronic dialysis (37). 

Interestingly, David S et al. (36) found that kidney transplantation normalized circulating 

Ang-2 levels after three months. The mechanism of this discrepancy of Ang-2 levels in 

different RRT is unclear so far. It is believed that dialysis is related to a critical imbalance 

of angiopoietins, which may reflect a perpetual destructive activation of the endothelium 

(36). In addition, Ang-2 may act as a mediator of micro-inflammation in the HD population 

(38). Furthermore, prior studies indicated that Ang-2 is involved in cardiovascular 

disorders, which could account for accelerated atherosclerosis in ESRD patients on HD; 

however, it but did not correlate with atherosclerosis in RTRs (36, 37). So far, the 

association of Ang-2 levels with all-cause mortality in adults on HD treatment has not 

been investigated yet. 
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2 Methods 

2.1 Study Population 

To determine associations of Ang-2 with all-cause mortality in hemodialysis patients, a 

prospective cohort study was conducted. We recruited a total of prevalent 340 patients 

on hemodialysis from different dialysis centers associated with our inpatient facility at the 

Campus Charité Mitte (KfH Dialysezentrum-Neukölln, Berlin, Germany, and KfH 

Dialysezentrum-Moabit, Berlin, Germany). The patients were followed up for all-cause 

mortality for five years. All patients underwent dialysis at least three times a week for four-

five hours each time, utilizing standard bicarbonate dialysis and biocompatible 

membranes. Dialysate flow rates were 500 mL/min, and blood flow rates were 250-300 

mL/min. All patients had a functioning permanent vascular access. Patients were 

excluded from the study if they were pregnant or had any malignancy or active infections, 

were unwilling or unable to participate, or were unable to provide written informed consent. 

In addition, patients who had a kidney transplant during the period of follow-up were 

censored at the point of transplant. The local ethics committee authorized the study and 

informed consents were acquired from all patients before enrolling in this study. 

 
2.2 Data Collection 

Baseline demographics and medical data were obtained, i.e., age, sex, weight, height, 

body mass index (BMI, weight in kilograms divided by height in meters squared), 

underlying kidney disease, dialysis vintage, systolic and diastolic blood pressure (SBP 

and DBP), comorbidity (presence of diabetes, hypertension, or coronary heart diseases), 

smoking status, medication [use of renin-angiotensin-aldosterone system (RAAS) 

inhibitors, beta-blockers, calcium channel blockers, and erythropoietin]. Blood samples 

were collected from patients before the HD session at the study entrance. The following 

parameters, hemoglobin (Hb), ferritin, transferrin, serum albumin, low-density lipoprotein 

(LDL), high-density lipoprotein (HDL), serum cholesterol, serum triglycerides, C-reactive 

protein (CRP), serum urea, serum creatinine (sCr), serum potassium, serum calcium, 
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serum phosphate and intact parathyroid hormone (iPTH) were assessed in the clinical 

laboratory using standardized methods. Kt/V (K, dialyzer clearance of urea; t, the dialysis 

time; V, the volume of distribution of urea, approximately equal to the total body water of 

the patient), a number used to quantify dialysis treatment adequacy, was calculated. 

 
2.3 Measurement of Angiopoietin-2 concentrations 

Ang-2 concentrations were measured using Human Angiopoietin-2 ELISA kit (cat. no. BI-

ANG2) from Biomedica (Vienna, Austria) with manufactural instruction 

(https://www.bmgrp.com/wp-content/uploads/2019/11/BI-ANG2-Angiopoietin-2-ELISA-

Validation-Data-191128.pdf). The detection limit of the ELISA kit was 3.7 pmol/l. The 

average intra- and inter-assay coefficients of variation were <8% and <6%, respectively. 

All reagents, standard dilutions, control, and samples were prepped following the 

manufactural instruction. The well positions of standards/controls/samples were marked 

on a protocol sheet. First, previously prepared standards/controls/samples were pipetted 

into the wells of pre-coated microplate. The plate was then sealed airtight and incubated 

for two hours at room temperature on a 500-rpm horizontal orbital shaker. Second, the 

content of each well was discarded, and each well was aspirated and washed five times 

with wash buffer. After the last wash, the plate was inverted and tapped on absorbent 

paper to remove excess liquid. Third, 100 µL of the detection antibody solution was 

pipetted into each well and then incubated with the plate for two hours with constant 

gentle shaking (~500 rpm). In this step, the target antigen in the 

standards/controls/samples is attached to the pre-coated antibody in the well and then 

built as a sandwich with the antibody. Then the washing (second) step was repeated. In 

the washing step, all non-specific and non-binding substances were cleared. Fourth, 

100µl conjugate (Streptavidin-HRP) was added to each well, and the plate was then 

sealed and incubated for two hours on the shaker. In this process, the conjugate reacted 

with the biotinylated antibody. Then the washing (second) step was repeated. Fifth, 100μL 

tetramethylbenzidine (TMB) substrate solution was pipetted into each well. The color 

change of the substrate catalyzed by the enzyme is proportional to the quantity of the 

https://www.bmgrp.com/wp-content/uploads/2019/11/BI-ANG2-Angiopoietin-2-ELISA-Validation-Data-191128.pdf
https://www.bmgrp.com/wp-content/uploads/2019/11/BI-ANG2-Angiopoietin-2-ELISA-Validation-Data-191128.pdf
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target protein existing in the sample. After incubating for 30 minutes at room temperature 

in the dark, 100μL stop solution was pipetted into each well and thoroughly mixed. Last, 

the optical density of each well was measured within 30 minutes on a standard microplate 

reader, which was set to 450 nm, to determine concentrations of the target protein in 

samples from a dose-response curve. 

 
2.4 Statistical analysis 

Baseline demographics and medical data are presented as medians (interquartile ranges, 

IQR) or numbers (percentage, %). Comparisons between groups were assessed by the 

Mann-Whitney U test for continuous variables and by χ2 test for categorical variables. The 

optimal cut-off value of Ang-2 concentration for all-cause mortality was calculated based 

on the receiver operating characteristic (ROC) analysis, mapping the sensitivity versus 1- 

specificity (39, 40). In continuation, the calculation was done by the Youden index (J) 

method (41), and the optimal cut-point was defined as the point at which the Youden 

function is maximized, i.e., the difference between the true positive rate and the false 

positive rate among all possible cut-point values (42, 43). To avoid potential overoptimism 

(bias) in the estimated hazard ratios, we not only use the cut-off value based on the ROC 

analysis in all participants, male and female, but also median values of Ang-2 in 

multivariate cox regression analysis. Time-to-event analysis was estimated through 

Kaplan-Meier analysis with optimal cut-point, followed by a log-rank test to assess 

differences. Multivariable Cox regression analysis was conducted in three models (A-C) 

with different ROC-derived cut-off values (ROC-based cut-off for the entire patients, ROC-

based cut-off for male patients, and ROC-based cut-off for female patients) and the 

median value of Ang-2 level of the entire patients. Model A was adjusted for demographics 

data; age, comorbidities (diabetes, hypertension, and coronary heart diseases), and 

smoking status. Model B was adjusted for medical data; dialysis vintage, sCr, Hb, CRP, 

serum albumin, ferritin, transferrin, iPTH, serum calcium, serum phosphorus, LDL, Kt/V. 

Model C was adjusted for all model A and B risk factors, plus ultrafiltration volume. P value 

< 0.05 was regarded as statistically significant. Statistical analyses were performed using 
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SPSS version 25.0 (Chicago, IL, USA), and figures were created using GraphPad Prism 

version 8.0 (California, USA). 
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3 Results 

3.1 Participants & descriptive data in the entire cohort 

Finally, 313 patients were included in the statistical analysis after 27 patients were 

excluded because of blood sample limitation for Ang-2 determinations. In this cohort, the 

cause of CKD is comprised of hypertensive nephropathy (34.2%), diabetic nephropathy 

(31.0%), glomerulonephritis (8.5%), polycystic kidney disease (2.9%), and other or 

unknown reasons (24.0%). During a five-year follow-up, 157 patients (50.2%, 102 males 

and 55 females) died, and 41 patients (13.1%) had kidney transplants.  

Table 1 presents the baseline demographics and medical data of patients by the 

median concentration of Ang-2 (91.2 pmol/L). The median age of this cohort was 66 years 

old, the median dialysis vintage (time since dialysis started) was 243 days, and the 

median dialysis dose (Kt/V) was 1.2. Comparisons between patients whose Ang-2 

concentration was below and above the median show that patients with lower baseline 

Ang-2 concentrations were on average younger, had shorter dialysis vintage, lower levels 

of ferritin, CRP, sCr, and serum potassium, but higher levels of transferrin and LDL 

compared to patients with Ang-2 concentrations above the median. Moreover, in the 

higher Ang-2 level group, fewer patients took beta-blockers than in the lower Ang-2 group, 

but more had erythropoietin treatment than in the lower Ang-2 group. 
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Table 1. Baseline demographics and medical data of hemodialysis patients by median 
concentration of Ang-2 (91.2 pmol/L).  

Characteristic All  Ang-2 ≤91.2 pmol/l  Ang-2 >91.2 pmol/l  
N 313 158 155 

Age, years 66 (56, 75) 65 (55, 72) * 69 (58, 77) 

Diabetes mellitus, % 117 (37.4%) 59 (37.3%) 58 (37.4%) 

Hypertension, % 246 (78.6%) 120 (75.9%) 126 (81.3%) 

CHD, % 148 (47.3%) 71 (44.9%) 77 (49.7%) 

Smoker, % 97 (31.0%) 55 (34.8%) 42 (27.1%) 

Body mass index, kg/m2 24.5 (22.0, 27.6) 24.6 (22.0, 28.4) 24.5 (22.0, 27.0) 

Dialysis vintage, days 243 (31, 1172) 152 (31, 1142) * 366 (64, 1186) 

Medication, n (%)    

RAAS inhibitors 82 (26.2%) 45 (28.5%) 37 (23.9%) 

Beta-blockers 186 (59.4%) 103 (65.2%) * 83 (53.5%) 

Calcium channel blockers 98 (31.3%) 56 (35.4%) 42 (27.1%) 

Erythropoietin 158 (50.5%) 71 (44.9%) * 87 (56.1%) 

Hemoglobin, g/dL 10.2 (9.1, 11.5) 10.1 (8.8, 11.3) 10.3 (9.2, 11.7) 

Ferritin, ng/mL 517 (244, 1074) 446 (194, 856) ** 681 (308, 1253) 

Transferrin, mg/dL 138 (107, 173) 150 (122, 176) ** 127 (102, 164) 

Serum albumin, g/dL 3.3 (2.9, 3.7) 3.4 (3.0, 3.7) 3.1 (2.8, 3.7) 

C-reactive protein, mg/dL 2.6 (1.0, 5.0) 2.1 (0.7, 4.0) *** 3.1 (1.2, 7.3) 

Total cholesterol, mg/dL 151 (127, 187) 161 (134,197) * 145 (120, 178) 

Triglycerides, mg/dL 159 (110, 248) 167 (117, 270) * 137 (101, 212) 

HDL, mg/dL 40 (32, 50) 41 (34, 51) 39 (31, 50) 

LDL, mg/dL 93 (72, 120) 102 (79, 128) ** 86 (67, 108) 

Urea, mg/dL 196 (147, 269) 208 (152, 283) * 190 (135, 242) 

Serum creatinine, mg/dL 6.7 (4.3, 8.4) 5.7 (3.8, 7.9) ** 7.1 (4.8, 8.7) 

Serum potassium, mmol/L 4.7 (4.1, 5.3) 4.5 (4.0, 5.1) *** 4.9 (4.3, 5.5) 

Serum calcium, mmol/L 2.2 (2.1, 2.4) 2.2 (2.1, 2.4) 2.3 (2.1, 2.4) 

Serum phosphorus, mmol/L 1.61 (1.20, 2.10) 1.50 (1.12, 2.01) 1.70 (1.23, 2.10) 

iPTH, ng/L 50.2 (19.0, 129.6) 53.5 (22.0, 149.8) 44.8 (15.6, 118.6) 

Dialysis dose, Kt/V 1.19 (1.07, 1.33) 1.17 (1.06, 1.32) 1.21 (1.08, 1.36) 

Angiopoietin 2, pmol/L 91.20 (63.35, 140.65) 63.55 (46.55, 76.73) *** 141.20 (114.00, 173.30) 

Continuous variables are given as medians and interquartile range. Between groups, comparisons were made using 

Mann-Whitney U test for continuous variables and by χ2 test for categorical variables. *p<0.05; **p<0.01; ***p<0.001, 

comparison between patients Ang-2 ≤91.2 pmol/l and Ang-2 >91.2 pmol/l. Body mass index was calculated as weight 

in kilograms divided by height in meters squared. This table was modified from our published paper (44). 
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3.2 Serum Angiopoietin-2 and all-cause mortality in the entire cohort 

3.2.1 Comparison between survivors and non-survivors 

In this cohort, the median serum Ang-2 level was 91.2 pmol/L (IQR, 63.4 to 140.7 pmol/L) 

in this cohort. Ang-2 concentration was significantly lower in survivors than non-survivors 

during a five-year follow-up [78.6 (53.3, 117.2) pmol/L vs. 112.5 (72.0, 153.8) pmol/L, 

p<0.0001] (figure 1).  
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Figure 1. Plots of serum Ang-2 concentrations in survivors and non-survivors. Line was presented 

at median with interquartile range, 78.6 (53.3, 117.2) pmol/L in survivors and 112.5 (72.0, 153.8) 

pmol/L in non-survivors. Ang-2 concentration was significantly lower in survivors than non-

survivors during a five-year follow-up (p<0.0001). This figure is modified from our published paper 

(44).  

 
3.2.2 ROC analysis 

The optimal cut-off value of baseline Ang-2 for predicting all-cause mortality was 111.0 

pmol/L in all participants based on the ROC analysis (AUC=0.65, p<0.0001) (Figure 2).  
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Figure 2. Receiver operating characteristic (ROC) curves for all-cause mortality. The optimal cut-

off value for baseline serum angiopoietin-2 to predict all-cause mortality was 111.0 pmol/L 

(AUC=0.65, 95%CI 0.59-0.71, p<0.0001). This figure is modified from our published paper (44).  

 
3.2.3 Kaplan-Meier survival analysis 

In Kaplan-Meier survival analysis, patients with lower Ang-2 level (<111.0 pmol/L) showed 

a significantly higher survival rate than those with higher Ang-2 level (≥111.0 pmol/L) (log-

rank test, p<0.0001) (Figure 3). 

 



Results                                                                                               17 

Follow-up (days)

Pe
rc

en
t s

ur
vi

va
l (

%
)

0 500 1000 1500 2000
0

50

100
Ang-2 <111.0 pmol/L

Ang-2 ≥111.0 pmol/L

Log-rank p value < 0.0001

Number at risk
Ang-2 <111.0 pmol/L   188      85       62         30         1
Ang-2 ≥111.0 pmol/L   125       46       24         10       1

 
Figure 3. Kaplan-Meier survival curve for patients below and above optimal predictive value of 

angiopoietin-2 (111.0 pmol/L). The shaded area represents the 95% confidence interval for the 

curve. This figure is modified from our published paper (44). 

 

3.2.4 Cox regression analysis 

Binary Ang-2 was classified in accordance with the ROC-derived cut-off value of the entire 

participants (111.0 pmol/L), and the median of the entire participants (91.2 pmol/L). 

Univariate Cox regression analyses revealed that patients with either increased Ang-2 or 

in the binary upper half of the Ang-2 group had a significantly higher all-cause mortality 

risk. Then, multivariable Cox regression analyses were conducted in A-C models, model 

A was adjusted for age, comorbidities (diabetes, hypertension, and coronary heart 

diseases), and smoking status. Model B was adjusted for dialysis vintage, serum 

creatinine, hemoglobin, C-reactive protein, serum albumin, ferritin, transferrin, iPTH, 

serum calcium, serum phosphorus, LDL, Kt/V. Finally, model C was adjusted for all model 

A and B risk factors, and ultrafiltration volume. Ang-2 concentrations presented a 

consistent and positive association with all-cause mortality in all models (Table 2).  
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Table 2. Multiple cox regression models analyzing serum angiopoietin-2 as a predictor of all-
cause mortality. 

 HR (95% CI) P value 

Univariate Cox regression 

Continuous angiopoietin-2  1.002 (1.001-1.004) 0.005 

Binary angiopoietin-2 a 1.934 (1.412-2.649) <0.0001 

Binary angiopoietin-2 b 1.697 (1.231-2.338) 0.001 

Multivariable Cox regression a 

Model A 1.756 (1.274-2.419) 0.001 

Model B 2.613 (1.698-4.023) <0.0001 

Model C 2.245 (1.443-3.493) 0.0003 

Multivariable Cox regression b 

Model A 1.609 (1.156-2.239) 0.005 

Model B 2.108 (1.358-3.271) 0.001 

Model C 1.741 (1.110-2.732) 0.016 
a Binary Ang-2 was divided by ROC-derived cut-off value of the entire participants (111.0 pmol/l), b Binary 

Ang-2 was divided by median of the entire participants (91.2 pmol/l). Model A was adjusted for age, 

comorbidities (diabetes, hypertension, and coronary heart diseases), and smoking status. Model B was 

adjusted for dialysis vintage, serum creatinine, hemoglobin, C-reactive protein, serum albumin, ferritin, 

transferrin, iPTH, serum calcium, serum phosphorus, LDL, Kt/V. Model C was adjusted for all risk factors 

in model A and B, plus ultrafiltration volume. This table was modified from our published paper (44). 

 

 

3.3 Sex-related differences 

3.3.1 Participants & descriptive data  

Table 3 presents all patients’ baseline demographics and medical data by sex. Male 

patients comprised 65.8% of the cohort (n=206). When comparing male and female 

patients, male patients appeared to be more often diabetic and smoker. They had lower 

HDL, total cholesterol levels, and dialysis doses but higher CRP and sCr levels than 

females.
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Table 3. Baseline demographics and medical data of hemodialysis patients by sex.  

Characteristic All  Male  Female  

N 313 206 107 

Age, years 66 (56, 75) 66 (56, 74) 67 (57, 76) 

Diabetes mellitus, % 117 (37.4%) 66 (32.0%) ## 51 (47.7%) 

Hypertension, % 246 (78.6%) 160 (77.7%) 86 (80.4%) 

CHD, % 148 (47.3%) 99 (48.1%) 49 (45.8%) 

Smoker, % 97 (31.0%) 75 (36.4%) ## 22 (20.6%) 

Body mass index, kg/m2 24.5 (22.0, 27.6) 24.9 (22.3, 27.4) 24.1 (21.6, 28.5) 

Dialysis vintage, days 243 (31, 1172) 271 (31, 1347) 227 (31, 919) 

Medication, n (%)    

RAAS inhibitors 82 (26.2%) 54 (26.2%) 28 (26.2%) 

Beta-blockers 186 (59.4%) 116 (56.3%) 70 (65.4%) 

Calcium channel blockers 98 (31.3%) 65 (31.6%) 33 (30.8%) 

Erythropoietin 158 (50.5%) 104 (50.5%) 54 (50.5%) 

Hemoglobin, g/dL 10.2 (9.1, 11.5) 10.1 (9.0, 11.2) 10.2 (9.2, 11.6) 

Ferritin, ng/mL 517 (244, 1074) 513 (239, 1151) 520 (243, 914) 

Transferrin, mg/dL 138 (107, 173) 138 (104, 172) 142 (116, 177) 

Serum albumin, g/dL 3.3 (2.9, 3.7) 3.3 (2.9, 3.7) 3.2 (2.8, 3.6) 

C-reactive protein, mg/dL 2.6 (1.0, 5.0) 3.1 (1.2, 6.0) ### 1.4 (0.7, 3.3) 

Total cholesterol, mg/dL 151 (127, 187) 147 (120, 182) ## 166 (134, 204) 

Triglycerides, mg/dL 159 (110, 248) 159 (106, 248) 163 (112, 248) 

HDL, mg/dL 40 (32, 50) 36 (31, 46) ### 44 (36, 57) 

LDL, mg/dL 93 (72, 120) 93 (70, 114) 103 (76, 129) 

Urea, mg/dL 196 (147, 269) 205 (146, 280) 183 (151, 242) 

Serum creatinine, mg/dL 6.7 (4.3, 8.4) 6.9 (4.6, 8.7) ## 5.7 (3.8, 7.5) 

Serum potassium, mmol/L 4.7 (4.1, 5.3) 4.8 (4.1, 5.3) 4.6 (4.0, 5.2) 

Serum calcium, mmol/L 2.2 (2.1, 2.4) 2.3 (2.1, 2.4) 2.2 (2.1, 2.4) 

Serum phosphorus, mmol/L 1.61 (1.20, 2.10) 1.63 (1.21, 2.10) 1.59 (1.17, 2.01) 

iPTH, ng/L 50.2 (19.0, 129.6) 47.7 (19.0, 131.9) 52.8 (18.9, 127.4) 

Dialysis dose, Kt/V 1.19 (1.07, 1.33) 1.16 (1.06, 1.31) # 1.24 (1.11, 1.44) 

Angiopoietin 2, pmol/L 91.20 (63.35, 140.65) 94.30 (64.48, 143.78) 86.30 (59.30, 127.70) 

Continuous variables are given as medians and interquartile range. Between groups, comparisons were made using 

Mann-Whitney U test for continuous variables and by χ2 test for categorical variables. #p<0.05; ##p<0.01; ###p<0.001, 
comparison between male patients and female patients. Body mass index was calculated as weight in kilograms 

divided by height in meters squared. This table was modified from our published paper (44). 
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3.3.2 Comparison between survivors and non-survivors 

Serum Ang-2 concentration was significantly lower in survivors than non-survivors of 

males [78.40 (51.45, 118.50) vs. 119.80 (76.98, 161.60) pmol/L, p< 0.0001]. However, 

there were no significant differences when comparing survivors and non-survivors of 

females [80.20 (59.00, 117.70) vs. 91.20 (67.20, 142.9) pmol/L, p=0.249] (Figure 4). 
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Figure 4. (A) Plots of serum Ang-2 concentrations in male survivors and non-survivors. Line was 

presented at median with interquartile range, 78.4 (51.5, 118.5) pmol/L in survivors and 119.8 

(77.0, 161.6) pmol/L in non-survivors. Ang-2 concentration was significantly lower in survivors 

than non-survivors during a five-year follow-up (p<0.0001). (B) Plots of serum Ang-2 

concentrations in female survivors and non-survivors. Line was presented at median with 

interquartile range, 80.2 (59.0, 117.7) pmol/L in survivors and 91.2 (67.2, 142.9) pmol/L in non-

survivors. No statistical significance between survivors and non-survivors during a five-year 

follow-up (p=0.249). This figure is modified from our published paper (44).  

 
3.3.3 ROC analysis 

The optimal cut-off value was 99.1 pmol/L in male patients (AUC=0.69, p<0.0001), and 

85.9 pmol/L in female patients (AUC=0.57, p=0.249) (Figure 5).  
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Figure 5. (A) Receiver operating characteristic (ROC) curves for all-cause mortality in male 

patients. The optimal cut-off value for serum angiopoietin-2 to predict all-cause mortality in male 

patients was 99.1 pmol/L (AUC=0.69, 95%CI 0.62-0.76, p<0.0001). (B) Receiver operating 

characteristic (ROC) curves for all-cause mortality in female patients. The optimal cut-off value 

for serum angiopoietin-2 to predict all-cause mortality in female patients was 85.9 pmol/L 

(AUC=0.57, 95%CI 0.45-0.68, p=0.249). 

 

3.3.4 Kaplan-Meier survival analysis 

In Kaplan-Meier analysis, male patients with lower Ang-2 level (<111.0 pmol/L) showed a 

significantly higher survival rate than those with higher Ang-2 level (≥111.0 pmol/L) (log-

rank test, p<0.0001), but this significant difference was not found in female patients 

(p=0.380). 
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Figure 6. (A) Kaplan-Meier survival curves for male patients below and above optimal predictive 

value of angiopoietin-2 (111.0 pmol/L). (B) Kaplan-Meier survival curves for female patients below 

and above optimal predictive value of angiopoietin-2 (111.0 pmol/L). The shaded area represents 

the 95% confidence interval for the curve. This figure is modified from our published paper (44). 

 
3.3.5 Cox regression analysis 

In order to avoid potential bias in the estimated hazard ratios, binary Ang-2 was divided 

not only by the ROC-derived cut-off value of the entire participants (111.00 pmol/L), but 

also the ROC-derived cut-off value of males (99.1 pmol/L), females (85.9 pmol/L) and 

median values of Ang-2 (91.2 pmol/L). In Univariate Cox regression analyses, both 

increased Ang-2 and the binary upper half of the Ang-2 were positively and significantly 

associated with all-cause mortality in males, but this significance was not found in females. 

Furthermore, multivariable Cox regression analyses consistently showed a significant 

and independent association between Ang-2 level and all-cause mortality only in the 

males, not in the females (table 4).  
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Table 4. Multiple cox regression models analyzing serum angiopoietin-2 as a predictor of all-
cause mortality in sex subgroups. 

 Male (n=206) Female (n=107) 
 HR (95% CI) P value HR (95% CI) P value 

Univariate Cox regression 

Continuous angiopoietin-2  1.002 (1.001-1.004) 0.009 1.003 (0.998-1.008) 0.221 

Binary angiopoietin-2 a 2.475 (1.660-3.689) <0.0001 1.273 (0.742-2.184) 0.381 

Binary angiopoietin-2 b 2.449 (1.630-3.681) <0.0001 1.049 (0.613-1.794) 0.863 

Binary angiopoietin-2 c 2.227 (1.452-3.415) 0.0002 1.325 (0.772-2.274) 0.307 

Binary angiopoietin-2 d 2.257 (1.491-3.415) 0.0001 1.041 (0.613-1.768) 0.880 

Multivariable Cox regression a 

Model A 2.467 (1.624-3.747) <0.0001 0.885 (0.503-1.555) 0.670 

Model B 2.937 (1.660-5.196) 0.0002 1.990 (0.946-4.186) 0.070 

Model C 3.294 (1.768-6.138) 0.0002 1.084 (0.476-2.467) 0.847 

Multivariable Cox regression b 

Model A 2.368 (1.544-3.631) <0.0001 0.764 (0.438-1.334) 0.344 

Model B 2.700 (1.482-4.919) 0.001 1.447 (0.672-3.115) 0.345 

Model C 2.614 (1.414-4.832) 0.002 0.569 (0.247-1.313) 0.186 

Multivariable Cox regression c 

Model A 2.374 (1.524-3.697) 0.0001 0.968 (0.547-1.714) 0.912 

Model B 2.627 (1.416-4.872) 0.002 1.822 (0.777-4.276) 0.168 

Model C 3.103 (1.606-5.996) 0.001 0.492 (0.167-1.447) 0.197 

Multivariable Cox regression d 

Model A 2.283 (1.475-3.533) 0.0002 0.801 (0.465-1.382) 0.425 

Model B 2.393 (1.316-4.352) 0.004 1.887 (0.848-4.198) 0.120 

Model C 2.553 (1.362-4.785) 0.003 0.618 (0.260-1.466) 0.275 
a Binary Ang-2 was divided by ROC-derived cut-off value of the entire study population (111.0 pmol/L), b Binary 

Ang-2 was divided by ROC-derived cut-off value of male population (99.1 pmol/L). c Binary Ang-2 was divided 

by ROC-derived cut-off value of female population (85.9 pmol/L), d Binary Ang-2 was divided according to the 

median of the entire study population (91.2 pmol/L). Model A was adjusted for age, comorbidities (diabetes, 

hypertension, and coronary heart diseases), and smoking status. Model B was adjusted for dialysis vintage, 

serum creatinine, hemoglobin, C-reactive protein, serum albumin, ferritin, transferrin, iPTH, serum calcium, 

serum phosphorus, LDL, Kt/V. Model C was adjusted for all risk factors in model A and B, plus ultrafiltration 

volume. This table was modified from our published paper (44). 
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4. Discussion 

4.1 Summary of results  

The present study demonstrated that baseline circulating Ang-2 level is positively 

associated with all-cause mortality during a five-year follow-up in a cohort of patients with 

ESRD on HD treatment. Furthermore, this association between baseline Ang-2 levels and 

all-cause mortality is significant throughout various statistical method in males only. Our 

findings are based on several independent statistical methods,  

1. The median baseline Ang-2 concentration was significantly lower in survivors than 

non-survivors (p<0.0001). A similar result was also seen in male patients (p<0.0001), but 

not in female patients (p=0.249).  

2. In the survival analysis, the Kaplan-Meier curve suggested that male patients with 

the lower Ang-2 level (<111.0 pmol/l) had a significantly higher survival rate (log-rank test, 

p<0.0001), but not in female patients (p=0.380).  

3. After multiple Cox regression analyses were performed, this sex-dependent impact 

on all-cause mortality was also found, i.e., elevated Ang-2 level was associated with all-

cause mortality in males but not females on HD. 

 
4.2 Angiopoietin-2 and all-cause mortality 

The angiopoietin/Tie2 signaling axis plays a crucial role in regulating vascular integrity 

and quiescence (45, 46). The loss of vascular quiescence is a typical character of 

pathological conditions such as inflammation, atherosclerosis, hypoxia, high glucose, and 

various types of vasculopathy. Thus, this signaling is involved in numerous pathological 

situations which are associated with the destabilization of the endothelium (45).  

We found a robust and significant association between baseline serum Ang-2 

concentrations and all-cause mortality using several independent statistic approaches in 

this dialysis cohort. In multivariate Cox regression analysis, we adjusted for factors known 

to be associated with Ang-2 and mortality in ESRD on HD, i.e., age, comorbidities 

(diabetes, hypertension, and coronary heart diseases), smoking status, dialysis vintage, 
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serum creatinine, hemoglobin, C-reactive protein, serum albumin, ferritin, transferrin, 

iPTH, serum calcium, serum phosphorus, LDL, Kt/V and ultrafiltration volume. We 

observed a consistent statistical significance between Ang-2 concentrations and survival.  

The association between blood Ang-2 and all-cause mortality has been studied in 

several different cohorts before. Lorbeer R et al. (47) reported that increased circulating 

Ang-2 level was associated with a higher risk for all-cause and cardiovascular mortality 

in a community-based study. In a retrospective case-control study, Ang-2 levels were 

associated with retinopathy and predicted mortality in Malawian children with cerebral 

malaria (48). Moreover, Allegretti AS et al. (49) reported that circulating Ang-2 levels were 

robustly associated with mortality and other clinically relevant outcomes in a cohort of 

decompensated cirrhotic patients with acute kidney injury. Additionally, Fisher J et al. (50) 

reported that elevated Ang-2 levels were associated with fluid overload, organ dysfunction, 

and increased mortality in human septic shock. In a population with chronic kidney 

diseases, David S et al. (30) demonstrated that elevated Ang-2 levels are able to predict 

long-term mortality, which are independent of conduit arterial stiffness or vascular 

calcification, over a four-year follow-up period in patients with stages 4-5 CKD. Later on, 

Tsai YC et al. (51) reported that in a cohort of 621 pre-dialysis stage 3-5 CKD patients, 

circulating Ang-2 level was an independent predictor of major adverse cardiovascular 

events and all-cause mortality. Considering previous studies, one might suggest that 

slight elevation in Ang-2 concentrations probably mirrors the vascular remodeling process 

related to a higher risk of mortality. 

Ang-2 excess has been found in end-organ injury and hemodynamic alterations in 

independent studies (49, 52, 53). Ang-2 has a molecular weight of about 55 kDa, so it is 

very improbable that it will be cleared by glomerular filtration or dialysis clearance. (36, 

37). Furthermore, these proteins exist as either dimers or tetramers and therefore are 

even larger in their native state (54). In HD patients, circulating Ang-2 concentration was 

elevated compared with healthy controls and pre-dialysis CKD populations (36, 37). 

However, the association between circulating Ang-2 levels and all-cause mortality has not 

been investigated. We performed several independent statistic approaches as previously 

described. In order to clarify this independent association, we performed multivariate Cox 
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regression analysis in multiple models. We adjusted for the risk factors known for ESRD 

patients’ mortality on HD, and the factors associated with Ang-2, such as inflammatory 

situation (C-reactive protein), fluid overload (ultrafiltration volume) and cardiovascular 

diseases. We found a significant and consistent prognostic value of baseline serum Ang-

2 levels in ESRD patients on HD. 

 
4.3 Sex-specific findings 

One important observation in our study is that elevated Ang-2 levels differ significantly in 

their ability to predict all-cause mortality in males and females. To the best of our 

knowledge, our study is the first one to present a sex-specific association between serum 

Ang-2 levels and all-cause mortality in the HD population.  

Sexual dimorphism in circulating Ang-2 levels has been reported in a case-control 

study of obese versus non-obese individuals (55), as well as in the general population 

(56). This sex-related difference has also been noticed in other endothelial cell-derived 

growth factors, such as vascular endothelial growth factor (VEGF) and hepatocyte growth 

factor (57). However, these results were not identical; some reported increased level in 

males (58), while others observed elevated levels in females (57, 59).  

We found a significant association between baseline Ang-2 levels and all-cause 

mortality. So next, we wondered and hence analyzed if there is a significant difference 

between males and females concerning Ang-2 level and if there is an association between 

baseline Ang-2 levels and all-cause mortality, which is sex-dependent based on the 

background described above. Interestingly, we found male patients have a non-significant 

higher level of baseline Ang-2 concentrations than females [94.30 (64.48, 143.78) pmol/L 

vs. 86.30 (59.30, 127.70) pmol/L, p=0.352], but a significant sex-related difference of the 

prognostic value of Ang-2 levels for all-cause mortality.  

The mechanisms underlying sex-specific differences in circulating growth factors are 

still unclear so far. One explanation may be sex differences in endothelial function. 

Estrogen promotes the proliferation and survival of vascular ECs not only in reproductive 

tissues, but also in non-reproductive organs (60). It has been established that the vascular 
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system and reproductive tissue are both important targets for the direct effects of estrogen, 

and estrogen receptors have been identified in ECs (61). Previous experimental and 

clinical evidence suggests that estrogen may play a key role in the prevention or reversal 

of endothelial dysfunction by maintaining and increasing endothelial nitric oxide 

production and inhibiting endothelium-derived contractile factor (61). It is known that CVD 

is closely associated with endothelial dysfunction and has a greater incidence in males 

than females (62). Prior studies revealed that the cardiovascular benefits of estrogen 

could be attributed to the positive impacts on traditional CVD risk factors, such as 

lipoprotein profile, as well as the direct protective effects on vascular ECs (61, 62). 

However, androgens are often suspected to have detrimental effects on CVD (61). 

Furthermore, Tsuzuki T et al. (63) showed that female sex hormones regulate Ang-1, Ang-

2, VEGF mRNA, and protein production in human endometrial stromal cells. Therefore, 

a possible hypothesis for the current sex-specific findings is that female sex hormones 

promote the survival of vascular ECs and regulate the angiopoietin/Tie2 signaling axis; 

this may result better regulation of circulating Ang-2 in females. However, males fall short 

of this additional regulation and therefore are probably more sensitive than females to 

Ang-2, which is involved in the pathogenesis of vascular inflammation, endothelial 

dysfunction and atherosclerosis and thus shows a significant association with all-cause 

mortality [44]. 

 
4.4 Study limitations  

We acknowledge several limitations of the present study. First, this observational study 

makes it challenging to conclude causality and further independent validation is needed. 

Second, according to the ethics committee’s approval, blood samples were only collected 

at the beginning of the study, so Ang-2 concentrations were only measured once at the 

beginning of the study. Therefore, the association of all-cause mortality and Ang-2 

concentrations over time could not be analyzed. In addition, there was no pre-planned 

blinded study endpoint committee and only a few deaths where autopsies were performed 

at pathology institutes to clarify the cause of death. Thus, we do not have reliable data on 
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the cause of death to assess the association of Ang-2 concentrations with cardiovascular 

mortality. 

 
4.5 Clinical significance  

Our study suggests that circulating Ang-2 might be a worthwhile predictor of all-cause 

mortality in male ESRD patients on HD treatment. Furthermore, Ang-2 is probably not just 

a biomarker of mortality, but a player in the pathogenesis of vascular dysfunction in male 

ESRD patients [44]. Therefore, Ang-2 might be a therapeutic target to improve all-cause 

mortality in ESRD patients. 

So far, a series of studies have suggested that Ang-2 antagonist has promising 

vasculoprotective effects and thus may offer a new therapeutic alternative. Majority data 

are from oncology (64). In preclinical data, Ang-2 antagonists successfully reduced tumor 

burden and angiogenesis and improved vascular stabilization (64). In the subsequent 

early-phase clinical trials, the safety and potential efficacy of several agents targeting the 

Ang-2-Tie2 pathway were proven, including Ang-2 inhibitor (MEDI3617, a human 

monoclonal antibody targeting Ang-2), Ang-1/2 inhibitor (Trebananib, a peptide fusion 

protein targeting Ang-1 and Ang-2), and Ang-2, VEGF-A inhibitor (Vanucizumab, a 

bispecific monoclonal antibody targeting Ang-2 and VEGF-A) (65). 

In addition, Ang-2 blocking antibodies have likewise emerged as an attractive 

therapeutic target in many other diseases associated with Ang-2 dysregulation. Lee SJ et 

al. (66) reported that inhibition of Ang-2 significantly improved cardiac hypoxia and 

inflammation after ischemia injury in animal models. Moreover, therapeutic effects of Ang-

2 blockade have also been found in atherosclerosis (67), non-alcoholic steatohepatitis 

(68), retinal vascular diseases (69) and organ transplantation (70). Given the significant 

and very consistent association between Ang-2 levels and all-cause mortality in male 

ESRD patients, our study may inspire the further development of Ang-2 antagonists in 

this population. 
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5 Conclusions 

Circulating levels of Ang-2 are independently associated with all-cause mortality in male 

patients with ESRD on HD. Ang-2 may not only be a biomarker of all-cause mortality, but 

likely a potent vascular hormone that contributes to the pathophysiology of vascular injury 

in males with ESRD on HD. Present study after independent validation may inspire the 

development of Ang-2 antagonists to improve all-cause mortality in male ESRD patients.  



                                                                                      30 

References 

1. Costa C, Soares R, Schmitt F. Angiogenesis: now and then. APMIS. 2004;112(7-8):402-12. 
2. Ma Q, Reiter RJ, Chen Y. Role of melatonin in controlling angiogenesis under physiological and 
pathological conditions. Angiogenesis. 2020;23(2):91-104. 
3. Viallard C, Larrivee B. Tumor angiogenesis and vascular normalization: alternative therapeutic targets. 
Angiogenesis. 2017;20(4):409-26. 
4. Shim WS, Ho IA, Wong PE. Angiopoietin: a TIE(d) balance in tumor angiogenesis. Mol Cancer Res. 
2007;5(7):655-65. 
5. Tsakogiannis D, Nikolakopoulou A, Zagouri F, Stratakos G, Syrigos K, Zografos E, Koulouris N, Bletsa 
G. Update Overview of the Role of Angiopoietins in Lung Cancer. Medicina (Kaunas). 2021;57(11). 
6. Akwii RG, Sajib MS, Zahra FT, Mikelis CM. Role of Angiopoietin-2 in Vascular Physiology and 
Pathophysiology. Cells. 2019;8(5). 
7. Davis S, Aldrich TH, Jones PF, Acheson A, Compton DL, Jain V, Ryan TE, Bruno J, Radziejewski C, 
Maisonpierre PC, Yancopoulos GD. Isolation of angiopoietin-1, a ligand for the TIE2 receptor, by secretion-
trap expression cloning. Cell. 1996;87(7):1161-9. 
8. Maisonpierre PC, Suri C, Jones PF, Bartunkova S, Wiegand SJ, Radziejewski C, Compton D, McClain 
J, Aldrich TH, Papadopoulos N, Daly TJ, Davis S, Sato TN, Yancopoulos GD. Angiopoietin-2, a natural 
antagonist for Tie2 that disrupts in vivo angiogenesis. Science. 1997;277(5322):55-60. 
9. Parikh SM. The Angiopoietin-Tie2 Signaling Axis in Systemic Inflammation. J Am Soc Nephrol. 
2017;28(7):1973-82. 
10. Hakanpaa L, Sipila T, Leppanen VM, Gautam P, Nurmi H, Jacquemet G, Eklund L, Ivaska J, Alitalo K, 
Saharinen P. Endothelial destabilization by angiopoietin-2 via integrin beta1 activation. Nat Commun. 
2015;6:5962. 
11. Fiedler U, Scharpfenecker M, Koidl S, Hegen A, Grunow V, Schmidt JM, Kriz W, Thurston G, Augustin 
HG. The Tie-2 ligand angiopoietin-2 is stored in and rapidly released upon stimulation from endothelial cell 
Weibel-Palade bodies. Blood. 2004;103(11):4150-6. 
12. Fiedler U, Reiss Y, Scharpfenecker M, Grunow V, Koidl S, Thurston G, Gale NW, Witzenrath M, 
Rosseau S, Suttorp N, Sobke A, Herrmann M, Preissner KT, Vajkoczy P, Augustin HG. Angiopoietin-2 
sensitizes endothelial cells to TNF-alpha and has a crucial role in the induction of inflammation. Nat Med. 
2006;12(2):235-9. 
13. Kelly BD, Hackett SF, Hirota K, Oshima Y, Cai Z, Berg-Dixon S, Rowan A, Yan Z, Campochiaro PA, 
Semenza GL. Cell type-specific regulation of angiogenic growth factor gene expression and induction of 
angiogenesis in nonischemic tissue by a constitutively active form of hypoxia-inducible factor 1. Circ Res. 
2003;93(11):1074-81. 
14. Sfiligoi C, de Luca A, Cascone I, Sorbello V, Fuso L, Ponzone R, Biglia N, Audero E, Arisio R, Bussolino 
F, Sismondi P, De Bortoli M. Angiopoietin-2 expression in breast cancer correlates with lymph node invasion 
and short survival. Int J Cancer. 2003;103(4):466-74. 
15. Lim HS, Lip GY, Blann AD. Angiopoietin-1 and angiopoietin-2 in diabetes mellitus: relationship to VEGF, 
glycaemic control, endothelial damage/dysfunction and atherosclerosis. Atherosclerosis. 2005;180(1):113-
8. 
16. Tsai YC, Lee CS, Chiu YW, Kuo HT, Lee SC, Hwang SJ, Kuo MC, Chen HC. Angiopoietin-2, 
Angiopoietin-1 and subclinical cardiovascular disease in Chronic Kidney Disease. Sci Rep. 2016;6:39400. 
17. Lee KW, Lip GY, Blann AD. Plasma angiopoietin-1, angiopoietin-2, angiopoietin receptor tie-2, and 



                                                                                      31 

vascular endothelial growth factor levels in acute coronary syndromes. Circulation. 2004;110(16):2355-60. 
18. Kumpers P, David S, Haubitz M, Hellpap J, Horn R, Brocker V, Schiffer M, Haller H, Witte T. The Tie2 
receptor antagonist angiopoietin 2 facilitates vascular inflammation in systemic lupus erythematosus. Ann 
Rheum Dis. 2009;68(10):1638-43. 
19. Orfanos SE, Kotanidou A, Glynos C, Athanasiou C, Tsigkos S, Dimopoulou I, Sotiropoulou C, 
Zakynthinos S, Armaganidis A, Papapetropoulos A, Roussos C. Angiopoietin-2 is increased in severe 
sepsis: correlation with inflammatory mediators. Crit Care Med. 2007;35(1):199-206. 
20. Konig M, Nentwig A, Marti E, Mirkovitch J, Adamik KN, Schuller S. Evaluation of plasma angiopoietin-
2 and vascular endothelial growth factor in healthy dogs and dogs with systemic inflammatory response 
syndrome or sepsis. J Vet Intern Med. 2019;33(2):569-77. 
21. Yuan HT, Suri C, Landon DN, Yancopoulos GD, Woolf AS. Angiopoietin-2 is a site-specific factor in 
differentiation of mouse renal vasculature. J Am Soc Nephrol. 2000;11(6):1055-66. 
22. Yuan HT, Tipping PG, Li XZ, Long DA, Woolf AS. Angiopoietin correlates with glomerular capillary loss 
in anti-glomerular basement membrane glomerulonephritis. Kidney Int. 2002;61(6):2078-89. 
23. Pillebout E, Burtin M, Yuan HT, Briand P, Woolf AS, Friedlander G, Terzi F. Proliferation and remodeling 
of the peritubular microcirculation after nephron reduction: association with the progression of renal lesions. 
Am J Pathol. 2001;159(2):547-60. 
24. Kitamura H, Shimizu A, Masuda Y, Ishizaki M, Sugisaki Y, Yamanaka N. Apoptosis in glomerular 
endothelial cells during the development of glomerulosclerosis in the remnant-kidney model. Exp Nephrol. 
1998;6(4):328-36. 
25. Campean V, Karpe B, Haas C, Atalla A, Peters H, Rupprecht H, Liebner S, Acker T, Plate K, Amann K. 
Angiopoietin 1 and 2 gene and protein expression is differentially regulated in acute anti-Thy1.1 
glomerulonephritis. Am J Physiol Renal Physiol. 2008;294(5):F1174-84. 
26. Lu YH, Deng AG, Li N, Song MN, Yang X, Liu JS. Changes in angiopoietin expression in glomeruli 
involved in glomerulosclerosis in rats with daunorubicin-induced nephrosis. Acta Pharmacol Sin. 
2006;27(5):579-87. 
27. Rizkalla B, Forbes JM, Cao Z, Boner G, Cooper ME. Temporal renal expression of angiogenic growth 
factors and their receptors in experimental diabetes: role of the renin-angiotensin system. J Hypertens. 
2005;23(1):153-64. 
28. Yamamoto Y, Maeshima Y, Kitayama H, Kitamura S, Takazawa Y, Sugiyama H, Yamasaki Y, Makino 
H. Tumstatin peptide, an inhibitor of angiogenesis, prevents glomerular hypertrophy in the early stage of 
diabetic nephropathy. Diabetes. 2004;53(7):1831-40. 
29. David S, Kumpers P, Lukasz A, Fliser D, Martens-Lobenhoffer J, Bode-Boger SM, Kliem V, Haller H, 
Kielstein JT. Circulating angiopoietin-2 levels increase with progress of chronic kidney disease. Nephrol 
Dial Transplant. 2010;25(8):2571-6. 
30. David S, John SG, Jefferies HJ, Sigrist MK, Kumpers P, Kielstein JT, Haller H, McIntyre CW. 
Angiopoietin-2 levels predict mortality in CKD patients. Nephrol Dial Transplant. 2012;27(5):1867-72. 
31. Chang FC, Lai TS, Chiang CK, Chen YM, Wu MS, Chu TS, Wu KD, Lin SL. Angiopoietin-2 is associated 
with albuminuria and microinflammation in chronic kidney disease. PLoS One. 2013;8(3):e54668. 
32. Tsai YC, Chiu YW, Tsai JC, Kuo HT, Lee SC, Hung CC, Lin MY, Hwang SJ, Kuo MC, Chen HC. 
Association of angiopoietin-2 with renal outcome in chronic kidney disease. PLoS One. 
2014;9(10):e108862. 
33. Collins AJ, Foley RN, Herzog C, Chavers BM, Gilbertson D, Ishani A, Kasiske BL, Liu J, Mau LW, 
McBean M, Murray A, St Peter W, Guo H, Li Q, Li S, Li S, Peng Y, Qiu Y, Roberts T, Skeans M, Snyder J, 
Solid C, Wang C, Weinhandl E, Zaun D, Arko C, Chen SC, Dalleska F, Daniels F, Dunning S, Ebben J, 



                                                                                      32 

Frazier E, Hanzlik C, Johnson R, Sheets D, Wang X, Forrest B, Constantini E, Everson S, Eggers PW, 
Agodoa L. Excerpts from the US Renal Data System 2009 Annual Data Report. Am J Kidney Dis. 2010;55(1 
Suppl 1):S1-420, A6-7. 
34. Longenecker JC, Coresh J, Powe NR, Levey AS, Fink NE, Martin A, Klag MJ. Traditional 
cardiovascular disease risk factors in dialysis patients compared with the general population: the CHOICE 
Study. J Am Soc Nephrol. 2002;13(7):1918-27. 
35. Cheung AK, Sarnak MJ, Yan G, Dwyer JT, Heyka RJ, Rocco MV, Teehan BP, Levey AS. Atherosclerotic 
cardiovascular disease risks in chronic hemodialysis patients. Kidney Int. 2000;58(1):353-62. 
36. David S, Kumpers P, Hellpap J, Horn R, Leitolf H, Haller H, Kielstein JT. Angiopoietin 2 and 
cardiovascular disease in dialysis and kidney transplantation. Am J Kidney Dis. 2009;53(5):770-8. 
37. Shroff RC, Price KL, Kolatsi-Joannou M, Todd AF, Wells D, Deanfield J, Johnson RJ, Rees L, Woolf 
AS, Long DA. Circulating angiopoietin-2 is a marker for early cardiovascular disease in children on chronic 
dialysis. PLoS One. 2013;8(2):e56273. 
38. Pocino K, Napodano C, Marino M, Di Santo R, Miele L, De Matthaeis N, Gulli F, Saporito R, Rapaccini 
GL, Ciasca G, Basile U. A Comparative Study of Serum Angiogenic Biomarkers in Cirrhosis and 
Hepatocellular Carcinoma. Cancers (Basel). 2021;14(1). 
39. Hanley JA, McNeil BJ. The meaning and use of the area under a receiver operating characteristic 
(ROC) curve. Radiology. 1982;143(1):29-36. 
40. Unal I. Defining an Optimal Cut-Point Value in ROC Analysis: An Alternative Approach. Comput Math 
Methods Med. 2017;2017:3762651. 
41. Youden WJ. Index for rating diagnostic tests. Cancer. 1950;3(1):32-5. 
42. Fluss R, Faraggi D, Reiser B. Estimation of the Youden Index and its associated cutoff point. Biom J. 
2005;47(4):458-72. 
43. Perkins NJ, Schisterman EF. The Youden Index and the optimal cut-point corrected for measurement 
error. Biom J. 2005;47(4):428-41. 
44. Chu C, Chen X, Hasan AA, Szakallova A, Krämer BK, Tepel M, Hocher B. Angiopoietin-2 predicts all-
cause mortality in male but not female end-stage kidney disease patients on hemodialysis. Nephrol Dial 
Transplant. 2021. 
45. Fiedler U, Augustin HG. Angiopoietins: a link between angiogenesis and inflammation. Trends Immunol. 
2006;27(12):552-8. 
46. Moss A. The angiopoietin:Tie 2 interaction: a potential target for future therapies in human vascular 
disease. Cytokine Growth Factor Rev. 2013;24(6):579-92. 
47. Lorbeer R, Baumeister SE, Dorr M, Nauck M, Grotevendt A, Volzke H, Vasan RS, Wallaschofski H, 
Lieb W. Circulating angiopoietin-2, its soluble receptor Tie-2, and mortality in the general population. Eur J 
Heart Fail. 2013;15(12):1327-34. 
48. Conroy AL, Glover SJ, Hawkes M, Erdman LK, Seydel KB, Taylor TE, Molyneux ME, Kain KC. 
Angiopoietin-2 levels are associated with retinopathy and predict mortality in Malawian children with 
cerebral malaria: a retrospective case-control study*. Crit Care Med. 2012;40(3):952-9. 
49. Allegretti AS, Vela Parada X, Ortiz GA, Long J, Krinsky S, Zhao S, Fuchs BC, Sojoodi M, Zhang D, 
Karumanchi SA, Kalim S, Nigwekar SU, Thadhani RI, Parikh SM, Chung RT. Serum Angiopoietin-2 Predicts 
Mortality and Kidney Outcomes in Decompensated Cirrhosis. Hepatology. 2019;69(2):729-41. 
50. Fisher J, Douglas JJ, Linder A, Boyd JH, Walley KR, Russell JA. Elevated Plasma Angiopoietin-2 
Levels Are Associated With Fluid Overload, Organ Dysfunction, and Mortality in Human Septic Shock. Crit 
Care Med. 2016;44(11):2018-27. 
51. Tsai YC, Lee CS, Chiu YW, Kuo HT, Lee SC, Hwang SJ, Kuo MC, Chen HC. Angiopoietin-2 as a 



                                                                                      33 

Prognostic Biomarker of Major Adverse Cardiovascular Events and All-Cause Mortality in Chronic Kidney 
Disease. PLoS One. 2015;10(8):e0135181. 
52. David S, Mukherjee A, Ghosh CC, Yano M, Khankin EV, Wenger JB, Karumanchi SA, Shapiro NI, 
Parikh SM. Angiopoietin-2 may contribute to multiple organ dysfunction and death in sepsis*. Crit Care Med. 
2012;40(11):3034-41. 
53. Ziegler T, Horstkotte J, Schwab C, Pfetsch V, Weinmann K, Dietzel S, Rohwedder I, Hinkel R, Gross 
L, Lee S, Hu J, Soehnlein O, Franz WM, Sperandio M, Pohl U, Thomas M, Weber C, Augustin HG, Fassler 
R, Deutsch U, Kupatt C. Angiopoietin 2 mediates microvascular and hemodynamic alterations in sepsis. J 
Clin Invest. 2013. 
54. Davis S, Papadopoulos N, Aldrich TH, Maisonpierre PC, Huang T, Kovac L, Xu A, Leidich R, 
Radziejewska E, Rafique A, Goldberg J, Jain V, Bailey K, Karow M, Fandl J, Samuelsson SJ, Ioffe E, Rudge 
JS, Daly TJ, Radziejewski C, Yancopoulos GD. Angiopoietins have distinct modular domains essential for 
receptor binding, dimerization and superclustering. Nat Struct Biol. 2003;10(1):38-44. 
55. Silha JV, Krsek M, Sucharda P, Murphy LJ. Angiogenic factors are elevated in overweight and obese 
individuals. Int J Obes (Lond). 2005;29(11):1308-14. 
56. Lieb W, Zachariah JP, Xanthakis V, Safa R, Chen MH, Sullivan LM, Larson MG, Smith HM, Yang Q, 
Mitchell GF, Vita JA, Sawyer DB, Vasan RS. Clinical and genetic correlates of circulating angiopoietin-2 
and soluble Tie-2 in the community. Circ Cardiovasc Genet. 2010;3(3):300-6. 
57. Lieb W, Safa R, Benjamin EJ, Xanthakis V, Yin X, Sullivan LM, Larson MG, Smith HM, Vita JA, Mitchell 
GF, Sawyer DB, Vasan RS. Vascular endothelial growth factor, its soluble receptor, and hepatocyte growth 
factor: clinical and genetic correlates and association with vascular function. Eur Heart J. 2009;30(9):1121-
7. 
58. Kimura K, Hashiguchi T, Deguchi T, Horinouchi S, Uto T, Oku H, Setoyama S, Maruyama I, Osame M, 
Arimura K. Serum VEGF--as a prognostic factor of atherosclerosis. Atherosclerosis. 2007;194(1):182-8. 
59. Malutan A, Drugan T, Georgescu C, Ciortea R, Bucuri C, Bobric A, Rada MP, Mihu D. Vascular 
Endothelial Growth Factor Serum Levels in Women with Advanced Endometriosis. Acta Endocrinol 
(Buchar). 2016;12(1):7-13.  
60. Ye F, Florian M, Magder SA, Hussain SN. Regulation of angiopoietin and Tie-2 receptor expression in 
non-reproductive tissues by estrogen. Steroids. 2002;67(3-4):305-10. 
61. Stanhewicz AE, Wenner MM, Stachenfeld NS. Sex differences in endothelial function important to 
vascular health and overall cardiovascular disease risk across the lifespan. Am J Physiol Heart Circ Physiol. 
2018;315(6):H1569-H1588. 
62. Vitale C, Mendelsohn ME, Rosano GM. Gender differences in the cardiovascular effect of sex 
hormones. Nat Rev Cardiol. 2009;6(8):532-542. 
63. Tsuzuki T, Okada H, Cho H, Shimoi K, Miyashiro H, Yasuda K, Kanzaki H. Divergent regulation of 
angiopoietin-1, angiopoietin-2, and vascular endothelial growth factor by hypoxia and female sex steroids 
in human endometrial stromal cells. Eur J Obstet Gynecol Reprod Biol. 2013;168(1):95-101. 
64. Gillen J, Richardson D, Moore K. Angiopoietin-1 and Angiopoietin-2 Inhibitors: Clinical Development. 
Curr Oncol Rep. 2019;21(3):22. 
65. Parmar D, Apte M. Angiopoietin inhibitors: A review on targeting tumor angiogenesis. Eur J Pharmacol. 
2021;899:174021.  
66. Lee SJ, Lee CK, Kang S, Park I, Kim YH, Kim SK, Hong SP, Bae H, He Y, Kubota Y, Koh GY. 
Angiopoietin-2 exacerbates cardiac hypoxia and inflammation after myocardial infarction. J Clin Invest. 
2018;128(11):5018-33. 
67. Theelen TL, Lappalainen JP, Sluimer JC, Gurzeler E, Cleutjens JP, Gijbels MJ, Biessen EA, Daemen 



                                                                                      34 

MJ, Alitalo K, Yla-Herttuala S. Angiopoietin-2 blocking antibodies reduce early atherosclerotic plaque 
development in mice. Atherosclerosis. 2015;241(2):297-304. 
68. Lefere S, Van de Velde F, Hoorens A, Raevens S, Van Campenhout S, Vandierendonck A, Neyt S, 
Vandeghinste B, Vanhove C, Debbaut C, Verhelst X, Van Dorpe J, Van Steenkiste C, Casteleyn C, Lapauw 
B, Van Vlierberghe H, Geerts A, Devisscher L. Angiopoietin-2 Promotes Pathological Angiogenesis and Is 
a Therapeutic Target in Murine Nonalcoholic Fatty Liver Disease. Hepatology. 2019;69(3):1087-104. 
69. Khan M, Aziz AA, Shafi NA, Abbas T, Khanani AM. Targeting Angiopoietin in Retinal Vascular Diseases: 
A Literature Review and Summary of Clinical Trials Involving Faricimab. Cells. 2020;9(8). 
70. Syrjala SO, Tuuminen R, Nykanen AI, Raissadati A, Dashkevich A, Keranen MA, Arnaudova R, Krebs 
R, Leow CC, Saharinen P, Alitalo K, Lemstrom KB. Angiopoietin-2 inhibition prevents transplant ischemia-
reperfusion injury and chronic rejection in rat cardiac allografts. Am J Transplant. 2014;14(5):1096-108. 



                                                                                      35 

Statutory Declaration 

“I, Chang Chu, by personally signing this document in lieu of an oath, hereby affirm that I prepared the 

submitted dissertation on the topic “Circulating Angiopoietin-2 level is independently associated with all-

cause mortality in male end-stage kidney disease patients on hemodialysis”, “Angiopoietin-2 ist ein 

unabhängiger Risikofaktor der Gesamtmortalität bei männlichen Hämodialysepatienten”, independently 

and without the support of third parties, and that I used no other sources and aids than those stated. 

All parts which are based on the publications or presentations of other authors, either in letter or in spirit, 

are specified as such in accordance with the citing guidelines. The sections on methodology (in particular 

regarding practical work, laboratory regulations, statistical processing) and results (in particular 

regarding figures, charts and tables) are exclusively my responsibility. 

Furthermore, I declare that I have correctly marked all of the data, the analyses, and the conclusions 

generated from data obtained in collaboration with other persons, and that I have correctly marked my 

own contribution and the contributions of other persons (cf. declaration of contribution). I have correctly 

marked all texts or parts of texts that were generated in collaboration with other persons. 

My contributions to any publications to this dissertation correspond to those stated in the below joint 

declaration made together with the supervisor. All publications created within the scope of the dissertation 

comply with the guidelines of the ICMJE (International Committee of Medical Journal Editors; 

http://www.icmje.org) on authorship. In addition, I declare that I shall comply with the regulations of Charité 

– Universitätsmedizin Berlin on ensuring good scientific practice. 

I declare that I have not yet submitted this dissertation in identical or similar form to another Faculty. 

The significance of this statutory declaration and the consequences of a false statutory declaration under 

criminal law (Sections 156, 161 of the German Criminal Code) are known to me.” 

 

 

 
Date Signature 



36 

 

Declaration of individual contribution to the publication 

Chu C, Chen X, Hasan AA, Szakallova A, Krämer BK, Tepel M, Hocher B. Angiopoietin-

2 predicts all-cause mortality in male but not female end-stage kidney disease patients 

on hemodialysis [published online ahead of print, 2021 Nov 18]. Nephrol Dial Transplant. 

2021;gfab332. doi:10.1093/ndt/gfab332 (IF=5.992). 

Contributions in detail: 

I participated in the conception of the research idea and conducted all the data analysis 

of the study. Tables 1 and 2 were created based on my statistical evaluation. Table 1 

showed baseline demographics and medical data of hemodialysis patients by sex and 

presented statistical differences between groups. Table 2 showed the results of cox 

regression analyses in multiple models of the entire cohort and also in the subgroups of 

males and females. In addition, I designed figure 1, plots of serum Ang-2 concentrations 

to show the difference in baseline Ang-2 levels in survivors and nonsurvivors, as well as 

in the subgroups of male survivors and nonsurvivors and female survivors and 

nonsurvivors and did statistical comparisons between groups. I created figure 2, plots of 

serum Ang-2 concentrations according to the underlying renal diseases. Moreover, I 

created Kaplan-Meier survival curves for all-cause mortality in the entire cohort, male 

patients and female patients based on the calculated optimal cut-off value of Ang-2 

concentration (Figure 3). Furthermore, I conducted all supplementary data, including 

supplementary table 1, table 2, and supplementary figure 1 in publication. Finally, I wrote 

the original draft, and I did all additional analyses according to reviewers’ comments, 

revised and submitted the final manuscript. 

 

Signature, date and stamp of first supervising university professor / lecturer 

 

Signature of doctoral candidate 



37 

 

Excerpt from Journal Summary List 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



38 

 

Printing copy of the publication  



39 

 



40 

 



41 

 



42 

 



43 

 



44 

 



45 

 



46 

 



47 

 

Curriculum Vitae 

My curriculum vitae does not appear in the electronic version of my paper for reasons of 

data protection. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



48 

 

 

 

 



49 

 

Complete personal publications  

1. Chu C, Delic D, Alber J, Feger M, Xiong Y, Luo T, Hasan AA, Zeng S, Gaballa MMS, 
Chen X, Yin L, Klein T, Elitok S, Krämer BK, Foller M, Hocher B. Head-to-head 
comparison of two SGLT-2 inhibitors on AKI outcomes in a rat ischemia-reperfusion 
model. Biomed Pharmacother. 2022;153:113357. (IF= 7.419) 

2. Chu C, Schonbrunn A, Klemm K, von Baehr V, Krämer BK, Elitok S, Hocher B. Impact 
of hypertension on long-term humoral and cellular response to SARS-CoV-2 infection. 
Front Immunol. 2022;13:915001. (IF= 8.786) 

3. Chu C, Chen X, Hasan AA, Szakallova A, Krämer BK, Tepel M, Hocher B. 
Angiopoietin-2 predicts all-cause mortality in male but not female end-stage kidney 
disease patients on hemodialysis. Nephrol Dial Transplant. 2021. (IF= 5.992) 

4. Chu C, Elitok S, Zeng S, Xiong Y, Hocher CF, Hasan AA, Krämer BK, Hocher B. C-
terminal and intact FGF23 in kidney transplant recipients and their associations with 
overall graft survival. BMC Nephrol. 2021;22(1):125. (IF= 2.388) 

5. Chu C, Tsuprykov O, Chen X, Elitok S, Krämer BK, Hocher B. Relationship Between 
Vitamin D and Hormones Important for Human Fertility in Reproductive-Aged Women. 
Front Endocrinol (Lausanne). 2021;12:666687. (IF= 5.555) 

6. Chu C, Hasan AA, Gaballa MMS, Zeng S, Xiong Y, Elitok S, Krämer BK, Hocher B. 
Endostatin Is an Independent Risk Factor of Graft Loss after Kidney Transplant. Am 
J Nephrol. 2020;51(5):373-80. (IF= 3.754) 

7. Chu C, Zeng S, Hasan AA, Hocher CF, Krämer BK, Hocher B. Comparison of 
infection risks and clinical outcomes in patients with and without SARS-CoV-2 lung 
infection under renin-angiotensin-aldosterone system blockade: Systematic review 
and meta-analysis. Br J Clin Pharmacol. 2020. (IF= 4.340) 

8. Chu C, Lu YP, Yin L, Hocher B. The SGLT2 Inhibitor Empagliflozin Might Be a New 
Approach for the Prevention of Acute Kidney Injury. Kidney Blood Press Res. 
2019;44(2):149-57. (IF= 2.687) 

9. Chen X, Chu C, Doebis C, von Baehr V, Hocher B. Sex Dependent Association of 
Vitamin D with Insulin Resistance. J Clin Endocrinol Metab. 2021. (IF= 5.958) 

10. Zeng S, Chu C, Doebis C, von Baehr V, Hocher B. Reference values for free 25-
hydroxy-vitamin D based on established total 25-hydroxy-vitamin D reference values. 
J Steroid Biochem Mol Biol. 2021;210:105877. (IF= 4.292) 

11. Zeng S, Delic D, Chu C, Xiong Y, Luo T, Chen X, Gaballa MMS, Xue Y, Chen X, Cao 
Y, Hasan AA, Stadermann K, Frankenreiter S, Yin L, Krämer BK, Klein T, Hocher B. 
Antifibrotic effects of low dose SGLT2 Inhibition with empagliflozin in comparison to 
Ang II receptor blockade with telmisartan in 5/6 nephrectomised rats on high salt diet. 
Biomed Pharmacother. 2022;146:112606. (IF= 6.529) 

12. Li M, Popovic Z, Chu C, Krämer BK, Hocher B. Endostatin in Renal and 



50 

 

Cardiovascular Diseases. Kidney Dis (Basel). 2021;7(6):468-81. (IF= 3.222) 

13. Zeng S, Hasan AA, Chu C, Xiong Y, Hocher JG, Elitok S, Krämer BK, Hocher B. 
Osteoprotegerin is an independent risk factor predicting death in stable renal 
transplant recipients. Clin Nephrol. 2021;96(3):129-37. (IF= 0.975) 

14. Lu YP, Zeng S, Chu C, Hasan AA, Slowinski T, Yin LH, Krämer BK, Hocher B. Non-
oxidized PTH (n-oxPTH) is associated with graft loss in kidney transplant recipients. 
Clin Chim Acta. 2020;508:92-7. (IF= 3.786) 

15. Tsuprykov O, Elitok S, Buse C, Chu C, Krämer BK, Hocher B. Opposite correlation 
of 25-hydroxy-vitamin D- and 1,25-dihydroxy-vitamin D-metabolites with gestational 
age, bone- and lipid-biomarkers in pregnant women. Sci Rep. 2021;11(1):1923. (IF= 
4.379) 

16. Chen H, Li J, Cai S, Tang S, Zeng S, Chu C, Hocher CF, Rosing B, Krämer BK, Hu 
L, Lin G, Gong F, Hocher B. Blastocyst Transfer: A Risk Factor for Gestational 
Diabetes Mellitus in Women Undergoing In Vitro Fertilization. J Clin Endocrinol Metab. 
2022;107(1):e143-e52. (IF= 5.958) 

17. Cai S, Li J, Zeng S, Hu L, Peng Y, Tang S, Zeng S, Chu C, Gong F, Lin G, Hocher B. 
Impact of vitamin D on human embryo implantation-a prospective cohort study in 
women undergoing fresh embryo transfer. Fertil Steril. 2021;115(3):655-64. (IF= 
7.329) 

18. Yong-Ping L, Reichetzeder C, Prehn C, Yin LH, Chu C, Elitok S, Krämer BK, Adamski 
J, Hocher B. Impact of maternal smoking associated lyso-phosphatidylcholine 20:3 
on offspring brain development. J Steroid Biochem Mol Biol. 2020;199:105591. (IF= 
4.292) 

19. Zeng S, Querfeld U, Feger M, Haffner D, Hasan AA, Chu C, Slowinski T, Bernd 
Dschietzig T, Schafer F, Xiong Y, Zhang B, Rausch S, Horvathova K, Lang F, Karl 
Krämer B, Foller M, Hocher B. Relationship between GFR, intact PTH, oxidized PTH, 
non-oxidized PTH as well as FGF23 in patients with CKD. FASEB J. 
2020;34(11):15269-81. (IF= 5.191) 

20. Chaykovska L, Heunisch F, von Einem G, Hocher CF, Tsuprykov O, Pavkovic M, 
Sandner P, Kretschmer A, Chu C, Elitok S, Stasch JP, Hocher B. Urinary cGMP 
predicts major adverse renal events in patients with mild renal impairment and/or 
diabetes mellitus before exposure to contrast medium. PLoS One. 
2018;13(4):e0195828. (IF= 3.240) 

21. Lu YP, Reichetzeder C, Prehn C, Yin LH, Yun C, Zeng S, Chu C, Adamski J, Hocher 
B. Cord Blood Lysophosphatidylcholine 16: 1 is Positively Associated with Birth 
Weight. Cell Physiol Biochem. 2018;45(2):614-24. (IF= 5.5) 

22. Tan G, Chu C, Gui X, Li J, Chen Q. The prognostic value of circulating cell-free DNA 
in breast cancer: A meta-analysis. Medicine (Baltimore). 2018;97(13):e0197. (IF= 
1.889) 

23. Wang G, Li PZ, Zhang SY, Zhong S, Chu C, Zeng S, Yan Y, Cheng X, Chuai M, 



51 

 

Hocher B, Yang X. Lipopolysaccharides (LPS) Induced Angiogenesis During Chicken 
Embryogenesis is Abolished by Combined ETA/ETB Receptor Blockade. Cell Physiol 
Biochem. 2018;48(5):2084-90. (IF= 5.5) 

24. Zhang P, Zhong S, Wang G, Zhang SY, Chu C, Zeng S, Yan Y, Cheng X, Bao Y, 
Hocher B, Yang X. N-Acetylcysteine Suppresses LPS-Induced Pathological 
Angiogenesis. Cell Physiol Biochem. 2018;49(6):2483-95. (IF= 5.5) 

 



52 

 

Acknowledgments 

Three and a half memorable years in Germany were filled with laughter and tears, but 

more often than not, pains with joys. There was ambition and confidence after smooth 

experiments and accepted publications. Of course, there was also disappointment and 

self-doubt when things didnt go well. But what I have not regretted along the way was 

the decision to come to Germany to complete my doctorate. 

To this day, at the completion of my dissertation, my heart is filled with endless 

gratitude.  

First and foremost, I would like to thank my respectable supervisors, Prof. Berthold 

Hocher and Prof. Wolfgang Pommer. They are not only my supervisors but also my 

mentors. They have shown me what passion looks like; it is about respect for life, 

dedication to science, and optimism in hard times. They are knowledgeable, value 

diversity of perspectives, and are always able to give me constructive feedback. Without 

their inspiration, encouragement, and invaluable help, all academic achievements I have 

gained in the past years would not have been possible. 

In addition, I am very grateful to Prof. Bernhard K. Krämer for his suggestions and 

corrections for the project improvement, Prof. Martin Tepel, and Dr. Angelika Szakallova 

for their participation in the conception of the study and compilation of preliminary data, 

and Carl-Friedrich Hocher for the language polishment. I am thankful for the lovely team 

I have and all the team members, Ahmed A. Hasan, Shufei Zeng, Yingquan Xiong, 

Mohamed M.S. Gaballa, Xin Chen, Yaochen Cao, Xiaoli Zhang, etc. It is the sincere 

cooperation of all of us that makes our team like a warm family. 

Furthermore, I would like to express my most heartfelt gratitude to my parents and 

my sister. They have given me so much love and understanding, which has given me a 

lot of strength and encouraged me to become better. Last but not least, my thanks go to 

my fiancé, Hao Shi, our acquaintance was in the stars. I am fortunate to have you by my 

side. 

 

Berlin, April 21, 2022 

Chang Chu 
 


	List of tables
	List of figures
	List of abbreviations
	Abstract
	1 Introduction
	1.1 Angiopoietin-2 in vascular physiology and pathophysiology
	1.2 Role of Angiopoietin-2 in kidney
	1.3 Dialysis and Angiopoietin-2

	2 Methods
	2.1 Study Population
	2.2 Data Collection
	2.3 Measurement of Angiopoietin-2 concentrations
	2.4 Statistical analysis

	3 Results
	3.1 Participants & descriptive data in the entire cohort
	3.2 Serum Angiopoietin-2 and all-cause mortality in the entire cohort
	3.2.1 Comparison between survivors and non-survivors
	3.2.2 ROC analysis
	3.2.3 Kaplan-Meier survival analysis
	3.2.4 Cox regression analysis

	3.3 Sex-related differences
	3.3.1 Participants & descriptive data
	3.3.2 Comparison between survivors and non-survivors
	3.3.3 ROC analysis
	3.3.4 Kaplan-Meier survival analysis
	3.3.5 Cox regression analysis


	4. Discussion
	4.1 Summary of results
	4.2 Angiopoietin-2 and all-cause mortality
	4.3 Sex-specific findings
	4.4 Study limitations
	4.5 Clinical significance

	5 Conclusions
	References
	Statutory Declaration
	Declaration of individual contribution to the publication
	Excerpt from Journal Summary List
	Printing copy of the publication
	Curriculum Vitae
	Complete personal publications
	Acknowledgments

