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 Abstract 
  Background:  Placental growth factor (PlGF) is a member of the vascular endothelial growth 
factor family that acts as a pleiotropic cytokine capable of stimulating angiogenesis and ac-
celerating atherogenesis. Soluble fms-like tyrosine kinase-1 (sFlt-1) antagonizes PlGF action. 
Higher levels of PlGF and sFlt-1 have been associated with cardiovascular events in patients 
with chronic kidney disease, yet little is known about their relationship with adverse outcomes 
in patients on peritoneal dialysis (PD). The aim of this study was to investigate the association 
of PlGF and sFlt-1 with technique survival and cardiovascular events.  Methods:  We measured 
serum levels of PlGF and plasma levels of sFlt-1 in 40 PD patients at Nara Medical University. 
 Results:  PlGF and sFlt-1 levels were significantly correlated with the dialysate-to-plasma ratio 
of creatinine (r = 0.342, p = 0.04 and r = 0.554, p < 0.001) although PlGF and sFlt-1 levels were 
not correlated with total creatinine clearance and total Kt/V. Additionally, both PlGF and sFlt-1 
levels were significantly higher in patients with high transport membranes compared to those 
without (p = 0.039 and p < 0.001, respectively). Patients with PlGF levels above the median 
had lower technique survival and higher incidence of cardiovascular events than patients with 
levels below the median, with hazard ratios of 11.9 and 7.7, respectively, in univariate Cox re-
gression analysis. However, sFlt-1 levels were not associated with technique survival or car-
diovascular events (p = 0.11 and p = 0.10, respectively).  Conclusion:  Elevated PlGF and sFlt-1 
are significantly associated with high transport membrane status. PlGF may be a useful pre-
dictor of technique survival and cardiovascular events in PD patients.  © 2016 S. Karger AG, Basel 

 Received: September 28, 2015 
 Accepted: February 8, 2016 
 Published online: March 31, 2016 

 Masaru Matsui, MD 
 First Department of Internal Medicine 
 Nara Medical University 
 840 Shijo-cho, Kashihara, Nara 634-8522 (Japan) 
 E-Mail matsui-o-v2008420   @   olive.palla.or.jp 

www.karger.com/crm

 DOI: 10.1159/000444886 



252Cardiorenal Med 2016;6:251–259

 DOI: 10.1159/000444886 

 Matsui et al.: Angiogenic Factors and Risks of Technique Failure and Cardiovascular 
Events in Patients Receiving Peritoneal Dialysis 

www.karger.com/crm
© 2016 S. Karger AG, Basel

 Introduction 

 Vascular endothelial growth factor (VEGF) and placental growth factor (PlGF) are pleio-
tropic cytokines that stimulate intramural angiogenesis and accelerated atherogenesis by 
recruiting and activating macrophages via binding to VEGF receptor-1, also known as fms-like 
tyrosine kinase-1 (Flt-1)  [1–3] . A circulating soluble isoform of Flt-1 (sFlt-1), produced by a 
splice variant of full-length Flt-1 mRNA, acts as an endogenous inhibitor of PlGF and VEGF  [4] . 
Studies of molecular mechanisms underlying angiogenesis and atherogenesis have recently 
focused on the balance or imbalance between such angiogenic factors and their soluble 
receptors. Using a heparin loading test, we found that the post-heparin level of sFlt-1 esti-
mates the total concentration of sFlt-1 in the body and is negatively associated with athero-
sclerosis in patients with advanced chronic kidney disease (CKD), while an elevated pre-
heparin (i.e. baseline) level of sFlt-1 may be associated with vascular endothelial dysfunction 
 [5, 6] .

  Several clinical studies have shown that baseline levels of PlGF and sFlt-1 are useful 
predictors of mortality and cardiovascular events in patients with acute coronary syndrome 
and chronic heart failure  [7–9] . Elevated levels of sFlt-1 and VEGF are independently asso-
ciated with all-cause mortality in patients on dialysis  [10, 11] . In addition, our recent studies 
have shown that PlGF is strongly associated with mortality and cardiovascular events among 
patients with CKD, including dialysis patients  [5, 12] .

  However, the association between angiogenic factors and hard clinical end points such 
as technique survival and cardiovascular events in patients on peritoneal dialysis (PD) is less 
clear. Our aim, therefore, was to investigate the association of PlGF and sFlt-1 levels with PD 
technique survival and the incidence of cardiovascular events in PD patients.

  Patients and Methods 

 Patients 
 In this study, 40 consecutive patients on PD for >3 months were analyzed at Nara Medical University 

between January 1, 2010 and December 31, 2011. All participants had regular follow-up visits at Nara 
Medical University approximately once per month. Clinical data including age, gender, hypertension, 
diabetes, dyslipidemia, smoking, laboratory parameters, dialysis-related parameters, and current medica-
tions were assessed through patient interviews and medical records. Hypertension was defined as systolic 
blood pressure  ≥ 140 mm Hg, systolic blood pressure  ≥ 90 mm Hg, or use of oral antihypertensive medica-
tions. Diabetes was defined as fasting glucose  ≥ 126 mg/dl or use of oral hypoglycemic agents. Dyslip-
idemia was defined as low-density lipoprotein cholesterol  ≥ 140 mg/dl or use of lipid-lowering medica-
tions.

  Blood Samples and Peritoneal Equilibration Test 
 Plasma and serum blood samples collected from all patients were immediately centrifuged and kept 

frozen at –80   °   C until assayed. Plasma levels of sFlt-1 and serum levels of PlGF and VEGF-A were measured 
using commercial sandwich enzyme-linked immunosorbent assay kits (R&D Systems, Minneapolis, Minn., 
USA).

  A peritoneal equilibration test (PET) was performed within 3 months of collecting blood samples using 
standard protocols  [13, 14] . The dialysate-to-plasma ratio of creatinine (D/P creatinine) was evaluated at 
4 h and patients were classified as low transporters (0.34–0.5), low to average transporters (0.6–0.65), high 
to average transporters (0.66–0.81), or high transporters (0.82–1.03). Peritoneal urea clearance (Kt/V) and 
creatinine clearance (CCr) was estimated from a 24-hour collection of dialysate urea and creatinine, and 
residual renal Kt/V and CCr was estimated from a 24-hour collection of urine urea and creatinine. Total 
weekly Kt/V was calculated as the sum of renal and peritoneal Kt/V. Total weekly CCr was calculated as the 
sum of renal and peritoneal CCr and was normalized by 1.73 m 2  of body surface area. Of the 40 enrolled 
participants, complete PET data were available for 34.
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  In echocardiographic findings, left ventricular mass index (LVMI) was calculated using the Devereux 
equation: LVMI = {0.8 × [1.04 × (left ventricular end-diastolic diameter + interventricular septum thickness 
+ posterior wall thickness) 3  – (left ventricular end-diastolic diameter) 3 ] + 0.6}/body surface area.

  Study End Points 
 Cumulative PD technique survival and the incidence of cardiovascular events were determined from the 

day of examination with a median (interquartile range) follow-up period of 18 (4–25) months. PD technique 
failure was defined as discontinuation of PD because of uncontrolled volume overload with 2.5% dextrose 
solution or icodextrin solution, progressive uremic anemia resistant to erythropoiesis-stimulating agents, or 
refractory peritonitis despite antibiotics according to the International Society for Peritoneal Dialysis (ISPD) 
guidelines  [15] . Cardiovascular events were defined as a composite of the following individual events during 
the study period: new-onset fatal or non-fatal coronary artery disease, sudden cardiac death, congestive 
heart failure, and cerebrovascular disease.

  Statistical Analyses 
 All variables were expressed as means ± standard deviation or medians with interquartile range, as 

appropriate. Spearman’s rank correlation coefficients were used to assess the correlation between biomark-
ers and dialysis adequacy. Cumulative PD technique survival and the incidence of cardiovascular events were 
estimated using the Kaplan-Meier method, with the median value as the cutoff. Differences were assessed 
using the log-rank test. Univariate Cox regression models were used to determine the association between 
various biomarkers and time to PD technique failure and the incidence of cardiovascular events. A two-sided 
p value <0.05 was considered statistically significant. JMP 10.0.02 (SAS, Cary, N.C., USA) was used to perform 
all statistical analyses.

  Results 

 Baseline Demographics 
 A total of 40 PD patients, consisting of 25 males and 15 females, with a median age (inter-

quartile range) of 60 (56–72) years, were analyzed in the present study.  Table 1  shows the 
baseline demographics of all participants. Eleven patients (28%) were on automated PD and 
the rest were on continuous ambulatory PD. Most were taking antihypertensive medications 
(calcium channel blockers n = 28, renin-angiotensin system inhibitors n = 30) and vitamin D 
(n = 17). Sixteen patients (40%) were treated with icodextrin solution. The underlying kidney 
disease was suspected to be diabetic nephropathy in 43%, benign nephrosclerosis in 20%, 
chronic glomerulonephritis in 20%, and other in 17%.

  Both levels of cystatin C and β 2 -microglobulin were significantly correlated with dialysis 
vintage (r = 0.635, p < 0.001 and r = 0.576, p < 0.001, respectively), urine volume (r = –0.473, 
p = 0.002 and r = –0.686, p < 0.001, respectively), and ultrafiltration (r = –0.496, p = 0.001 and 
r = –0.736, p < 0.001, respectively). Serum levels of PlGF were directly correlated with brain 
natriuretic peptide (r = 0.366, p = 0.02) and low-density lipoprotein cholesterol (r = 0.319, 
p = 0.04), and plasma levels of sFlt-1 was inversely correlated with albumin (r = –0.358, p = 
0.02). However, we did not find any correlation between VEGF and clinical factors.

  Using PET data, serum levels of cystatin C and β 2 -microglobulin were significantly corre-
lated with residual renal Kt/V urea (r = –0.607, p < 0.001 and r = –0.739, p < 0.001, respec-
tively) and residual renal CCr (r = –0.670, p < 0.001 and r = –0.773, p < 0.001, respectively), 
but no significant relationship between angiogenic factors and residual renal Kt/V urea and 
CCr was observed ( table 2 ). PlGF and sFlt-1 levels were directly correlated with D/P creat-
inine (r = 0.342, p = 0.04 and r = 0.554, p < 0.001, respectively), but VEGF levels were not 
associated with dialysis adequacy. In addition, both PlGF and sFlt-1 levels in patients with 
high transport status were significantly higher compared with those in patients without high 
transport status (p = 0.021 and p < 0.001, respectively).
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Clinical data
Age, years 60 (56 – 72)
Male gender 25 (63%)
Dialysis vintage, months 25 (9 – 57)
Urine volume, ml/day 750 (23 – 1,000)
Ultrafiltration, ml/day 300 (25 – 838)
Use of icodextrin 16 (40%)
Body mass index 23.0 (21.1 – 24.9)
Diabetes 18 (45%)
Hypertension 36 (90%)
Dyslipidemia 12 (30%)
Smoking 19 (48%)

Laboratory data
Hemoglobin, g/dl 10.7 (9.6 – 11.8)
Albumin, g/dl 3.4 (2.8 – 3.7)
Urea nitrogen, mg/dl 53 (42 – 64)
Creatinine, mg/dl 8.01 (6.02 – 11.4)
Calcium, mg/dl 9.5 (9.1 – 9.8)
Phosphorus, mg/dl 4.9 (4.0 – 5.8)
Intact PTH, pg/ml 115 (66 – 198)
HbA1c, % 5.4 (5.1 – 5.9)
LDL cholesterol, mg/dl 115 (88 – 141)
CRP, mg/dl 0.1 (0.03 – 0.48)
BNP, pg/ml 166 (50 – 421)
Cystatin C, mg/l 6.06 (5.08 – 7.27)
β2-Microglobulin, mg/l 18.2 (15.2 – 28.6)
VEGF, pg/ml 270 (161 – 489)
PlGF, pg/ml 15.5 (13.6 – 21.6)
sFlt-1, pg/ml 122 (95 – 163)

BNP = Brain natriuretic peptide; CRP = C-reactive protein; HbA1c = 
glycated hemoglobin; LDL = low-density lipoprotein; PTH = parathyroid 
hormone.

 Table 2.  Correlation between dialysis adequacy and biomarkers

Variables  Correlation (r)

 PlGF sFlt-1 VEGF β2-microglobulin cystatin C

Urine volume 0.114 –0.197 0.199 –0.686*** –0.473**
Total Kt/V –0.108 –0.290 0.042 –0.363* –0.406*
Residual renal Kt/V –0.076 –0.238 0.224 –0.739*** –0.607***
Peritoneal Kt/V –0.040 –0.068 –0.230 0.472** 0.250
Total CCr –0.082 –0.269 –0.222 –0.673*** –0.640***
Residual renal CCr –0.130 –0.322 0.196 –0.759*** –0.670***
Peritoneal CCr 0.198 0.309 –0.027 0.622*** 0.423*
D/P creatinine 0.342* 0.554*** 0.294 –0.117 –0.027

 * p < 0.05; ** p < 0.01; *** p < 0.001.

 Table 1. Baseline demographics 
(patients, n = 40)
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  Echocardiography was performed within 2 weeks of blood collection in 36 patients. LVMI 
was significantly correlated with PlGF (r = 0.418, p = 0.02), but not with sFlt-1 and VEGF levels 
(r = 0.06, p = 0.91 and r = 0.01, p = 0.93, respectively), although ejection fraction was not 
correlated with all biomarkers.

  Clinical Outcomes 
 During the study period, 10 patients switched to hemodialysis (HD) and 13 patients 

experienced a new cardiovascular event, mostly congestive heart failure. Unadjusted 
Kaplan-Meier analysis showed that patients with above median levels of PlGF had signifi-
cantly worse PD technique survival and a higher incidence of cardiovascular events than 
those with below median levels (p = 0.003 and p = 0.002, respectively, by log-rank test for 
trend) ( fig. 1 a,  2 a). However, we did not find any association between sFlt-1 and PD tech-
nique survival or cardiovascular events (p = 0.11 and p = 0.10, respectively) ( fig. 1 b,  2 b). 
VEGF was significantly associated with cardiovascular events but not PD technique survival 
( fig. 1 c,  2 c).

  As shown in  table 3 , PlGF but not sFlt-1 was significantly associated with both PD tech-
nique survival and cardiovascular events in univariate Cox proportional hazards models 
(hazard ratio [95% confidence interval] 11.9 [2.2–219.4] and 7.7 [2.1–49.9], respectively).
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  Fig. 1.  Kaplan-Meier analysis of PD technique survival using the median levels of PlGF ( a ), sFlt-1 ( b ) and 
VEGF ( c ) as the cutoff. 
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 Table 3. Univariate Cox regression analysis for PD technique failure and cardiovascular events

Variables Technique survival Cardiovascular events

HR (95% CI) p HR (95% CI) p

PlGF (≥15.4 pg/ml) 11.9 (2.2–219.4) 0.002 7.70 (2.1–49.9) 0.002
sFlt-1 (≥121.7 pg/ml) 2.81 (0.77–13.1) 0.12 2.66 (0.86–9.85) 0.09
VEGF (≥269.5 pg/ml) 1.68 (0.48–6.64) 0.42 4.05 (1.24–18.1) 0.02
Age (10-year difference) 0.94 (0.51–1.65) 0.82 1.04 (0.62–1.69) 0.87
Male gender 2.69 (0.67–17.8) 0.17 1.49 (0.48–5.52) 0.50
Dialysis vintage (>25 months) 1.60 (0.46–6.27) 0.17 1.22 (0.39–3.70) 0.72
Urine volume (within 750 ml/day) 2.23 (0.61–10.4) 0.23 1.65 (0.55–5.48) 0.37
Use of icodextrin 0.82 (0.21–2.89) 0.76 1.57 (0.52–4.87) 0.42
Diabetes 0.57 (0.12–2.11) 0.41 1.22 (0.41–3.81) 0.72
Hypertension 1.31 (0.24–24.5) 0.80 0.63 (0.17–4.09) 0.57
Dyslipidemia 0.82 (0.18–2.95) 0.77 0.62 (0.14–2.04) 0.45
Smoking 1.96 (0.55–7.75) 0.30 0.65 (0.20–1.94) 0.44
Cystatin C (≥6.06 mg/l) 2.50 (0.69–11.6) 0.17 1.21 (0.40–3.70) 0.73
β2-Microglobulin (≥18.1 mg/l) 1.49 (0.42–5.84) 0.54 0.87 (0.28–2.62) 0.80
BNP (≥166.2 pg/ml) 4.22 (1.06–28.0) 0.04 6.78 (1.82–43.8) 0.003

BNP = Brain natriuretic peptide; CI = confidence interval; HR = hazard ratio.

  Fig. 2.  Kaplan-Meier analysis of cardiovascular events using the median levels of PlGF ( a ), sFlt-1 ( b ) and 
VEGF ( c ) as the cutoff. 
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  Discussion 

 We first investigated the association of angiogenic factors with technique survival and 
cardiovascular events in PD patients. We found that PlGF but not sFlt-1 was significantly asso-
ciated with PD technique survival and cardiovascular events in unadjusted models, which 
suggests that PlGF might be a more useful biomarker than sFlt-1 in PD patients. In addition, 
both PlGF and sFlt-1 levels were directly correlated with D/P creatinine, whereas VEGF levels 
did not have any correlation with dialysis adequacy.

  PlGF, which has sequence homology with VEGF, plays a critical role in the pathophysi-
ology of angiogenesis via the promotion of new tube formation by endothelial cells and de-
stabilization of plaques through mediating macrophage accumulation and activation, thus 
promoting atherogenesis  [16, 17] . These biological actions of PlGF are mediated through its 
specific receptor, Flt-1, although VEGF has several receptors, including Flt-1. sFlt-1, produced 
by alternative splicing of full-length Flt-1, lacks the transmembrane and cytoplasmic domains. 
It binds PlGF and VEGF and acts as a decoy receptor, inhibiting the effects of both PlGF and 
VEGF. PlGF and sFlt-1 have emerged as practical clinical predictors of mortality and cardio-
vascular disease in patients with chronic heart failure, ischemic heart disease, diabetes, and 
CKD  [5, 12, 18–21] . In addition, as shown by Guo et al.  [10] , sFlt-1 is independently associated 
with all-cause mortality in HD patients; however, the association between PlGF and adverse 
outcomes has not yet been investigated in PD patients.

  Of note, both PlGF and sFlt-1 levels were directly correlated with D/P creatinine, based 
on PET data within 3 months of blood sample collection. Patients with high transport mem-
branes had significantly higher levels of PlGF and sFlt-1 compared to those without. Taking 
these findings into account, PlGF and sFlt-1 might play important biological roles in regu-
lating the peritoneal vasculature in PD patients, and an increase in circulating levels could 
serve as an important indicator of peritoneal deterioration. Zhang et al.  [22]  have recently 
reported that experimentally Flt-1 is generally expressed in peritoneal membranes in PD 
patients, which supports this hypothesis.

  We found that PD patients with higher levels of PlGF have a greater risk of technique 
failure and cardiovascular diseases than those with lower levels of PlGF. PD patients have 
increased LVMI and cardiovascular risk if not adequately monitored  [23]  and in the study, the 
most common reason for switching to HD and incident cardiovascular events was congestive 
heart failure with poor fluid management. We and others have recently shown that PlGF is a 
strong predictor of elevated LVMI and a greater risk of heart failure requiring hospitalization 
in CKD patients  [12, 24] . PlGF transgenic mice exhibited a greater cardiac hypertrophic 
response, a greater increase in capillary density, and increased fibroblast content in the heart 
in response to pressure overload stimulation  [25] . In addition, higher PlGF levels in our 
patients were significantly correlated with high peritoneal membrane transport rates and 
impaired net ultrafiltration. These findings suggest that PlGF may be involved in the devel-
opment of not only atherosclerotic disease but also heart failure in PD patients. On the other 
hand, in spite of a closer relation between sFlt-1 and peritoneal function, elevated sFlt-1 
levels were not associated with technique failure and cardiovascular events. Unlike PlGF, 
sFlt-1 levels were not correlated with brain natriuretic peptide levels and LVMI, which 
suggests that sFlt-1 was a surrogate marker of peritoneal angiogenesis rather than of cardiac 
hypertrophy and failure due to volume overload in PD patients. However, further research is 
needed to understand the association of PlGF and sFlt-1 with heart failure.

  By contrast, increased expression of another powerful ligand for Flt-1, VEGF-A, in cultured 
human peritoneal mesothelial cells is responsible for the development and progression of 
peritoneal membrane hyperpermeability and fibrosis  [26, 27] . Additionally, dialysate VEGF 
predicts future withdrawal from PD in patients receiving PD  [28] . In the study, however, 
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VEGF-A was not significantly associated with PD technique survival and peritoneal function, 
and sFlt-1 antagonizes not only PlGF but also VEGF, possibly resulting in the prognostic differ-
ences between PlGF and sFlt-1 in PD patients.

  The current study has some limitations. First, it was limited by a relatively small number 
of patients and events, and thus we cannot identify independent risk factors of technique 
failure and cardiovascular events. Second, we did not analyze the changes in circulating PlGF 
and sFlt-1 levels or measure dialysate PlGF and sFlt-1 levels.

  In conclusion, both PlGF and sFlt-1 serve as surrogate markers of peritoneal deterio-
ration. PlGF but not sFlt-1 is significantly associated with not only technique survival but also 
cardiovascular events in PD patients, suggesting that PlGF may be a promising biomarker in 
the clinical management of PD. However, larger studies in the future will be helpful for vali-
dating our results.
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