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Abstract

Background—Angiogenic cytokines fms-like tyrosine kinase-1(sFlt-1) and placental growth
factor (PIGF) are associated with increased risk for cardiovascular disease (CVD) in the general
population. In this study we examine the association between these vascular endothelial factors
and atherosclerosis, cardiovascular outcome, and mortality in chronic kidney disease (CKD)
patients.

Methods—Serum level of PIGF and sFIt-1 were measured in 301 patients with CKD, who were
followed for up to 4 years. Primary outcomes were CV events and all-cause mortality. Carotid-
intima media thickness (CIMT) was used as marker of atherosclerosis. Kaplan-Meier survival
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curves and the Cox proportional hazard model were used to assess the association of biomarkers
and clinical outcomes.

Results—Mean (SD) PIGF and sFlt-1 were 5.45 ng/ml (3.76) and 68.6 (28.0) pg/ml,
respectively. During the follow up time, 60 patients (19.9%) experienced CV events and 22
patients (7.3%) died. Compared with low PIGF, patients with PIGF above median level had higher
CV events (12.7% vs. 27.2%, p=0.002) and mortality (2.0% vs. 12.6%, p < 0.001). The
associations of PIGF and sFlt-1 with CV events were not statistically significant in the fully
adjusted model. Higher PIGF was associated with greater death risk (HR=5.22, 95%Cl: 1.49-
18.33, p=0.01), which was robust to adjustment for sFlt-1 and other risk factors. Elevated sFlt-1
level was also an independent predictor of mortality (HR 3.41, 95%CI: 1.49-9.51, p=0.019).

Conclusion—In CKD patients not yet on dialysis, higher serum level of PIGF and sFlt-1 are

associated with increased mortality, but not CV events.
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1. Introduction

Patients with chronic kidney disease (CKD) are at increased risk of cardiovascular disease
(CVD) and mortality compared to the general population.[1] Traditional CV risk factors
such as advanced age, diabetes, smoking, and hyperlipidemia are more prevalent in CKD
population. However, compelling evidence shows that non-traditional risk factors such as
uremic toxins, endotoxemia, malnutrition, and inflammation play pivotal role in CVD, and
poor outcome in CKD patients, at least in part by amplifying the risk of atherosclerosis in
CKD patients. [2-4]

Vascular endothelial growth factors (VEGF) are a family of endothelial-specific mitogens
that have angiogenic properties.[5, 6] Placental growth factor (PIGF) is a member of the
VEGF family that binds to the VEGF receptor-1 and mediates angiogenesis and endothelial
dysfunction.[7] It was first discovered in the placenta; however, it was later localized to
other tissues such as heart and lung. Soluble VEGF receptor 1, also known as soluble fms-
like tyrosine kinase-1(sFlt-1), is a splice variant of the VEGF receptor without the
transmembrane and intracellular tyrosine kinase domain. It is a potent endogenous
antagonist of VEGF and PIGF.[8, 9] PIGF-expression within human atherosclerotic lesions
is associated with vascular inflammation, thrombus formation, and plaque destabilization.
[10] PIGF and sFlt-1 levels are elevated in patients with coronary artery disease and are
predictors of adverse outcome.[11]

There is emerging interest in angiogenic cytokines in the pathogenesis of CVD in patients
with CKD.[8] In the present study, we investigated the association of circulating levels of
PIGF and sFIt-1 with markers of atherosclerosis, cardiovascular outcome and all-cause
mortality in a prospective cohort of CKD patients with longitudinal follow-up up to 4 years.
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2. Methods

CARE FOR HOMe study is an ongoing study of CKD patients from outpatient nephrology
clinic in Saarland University Hospital. The study was approved by the local Ethics
Committee, and all patients signed written informed consent. Patients were included in this
study if they had CKD stage 2, 3, or 4, defined as an estimated glomerular filtration rate
(eGFR) between 15 and 90 ml/min/1.73m? according to MDRD equation. Patients younger
than 18 years of age, pregnant women (based on self-report), allograft recipients, patient
receiving systemic immunosuppressive medication and those with concomitant human
immunodeficiency virus infection, clinically apparent infections (defined as C-Reactive
Protein (CRP) levels above 50 mg/l, and/or requiring systemic antibiotic therapy), active
cancer disease, malignant hematological disorders, and/or acute renal failure (defined as an
increase of plasma creatinine =50% within four weeks) were excluded from study
participation.

A standardized questionnaire was used to record a history of smoking, diabetes mellitus
status, current medication intake, and cardiovascular co-morbidities. Furthermore, chart
review was done to complete and ascertain co-morbidities. Prevalent CVD was defined as a
history of myocardial infarction, coronary artery angioplasty and/or stenting and/or coronary
bypass surgery, major stroke, carotid endarterectomy and/or stenting, non-traumatic above
the knee amputation, or lower limb artery bypass surgery and/or angioplasty and/or stenting.

Patients were categorized as active smokers if they were current smokers or had stopped
smoking < 1 month prior to participation. Patients with self-reported or physician-reported
diabetes mellitus, with a fasting blood glucose level of =126 mg/dl or with current use of
hypoglycemic medication, were categorized as diabetic. Body mass index (BMI) was
calculated as weight (kg)/(height (m?)).

All patients were invited annually for follow-up examinations. The combined end points
were as described earlier, which is first occurrence of an atherosclerotic event, the time to
decompensated heart failure or death from any cause. [12] All patients were followed up
until 31 December 2012.

2.1. Laboratory measurements

Blood samples were obtained under standardized conditions after an overnight fast. Within
15 minutes, the samples were centrifuged at 4000 r.p.m. for 5 minutes at room temperature.
Supernatants were immediately stored in aliquots at =80 °C until further use. Serum level of
intact PTH was measured by second-generation ECLIA (Hoffmann-La Roche, Bale,
Switzerland; range of normal values: 15-65 pg/ml), and serum levels of calcium, and
phosphate were measured by standard laboratory methods. In all 301 patients, sFlt-1 levels
were determined by Quantikine kit (Human sVEGF R1/FIt-1, Cat #: DVR100B, Sensitivity:
1.5-13.3 pg/ml with mean minimum detectable dose of 3.5 pg/ml. CV(%): 2.6 intra-assay
precision and 5.5 inter-assay precision). PLGF was measured by sandwich enzyme
immunoassay using commercial ELISA kit (R&D Minneapolis, USA). All measurements
were done in duplicates. Intra and inter-assay variability were less than 12%.
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2.2 Assessment of atherosclerosis

As a marker of systemic vascular atherosclerosis, the intima media thickness of the common
carotid arteries was measured (CIMT). With the subject in the supine position and the head
slightly extended and turned to the opposite direction, the distal common carotid artery and
the carotid bulb were identified with longitudinal scanning. IMT was defined as the distance
between the leading edges of the lumen interface and the media-adventitia interface of the
far wall. Three representative CIMT measurements were performed on both sides in the far
wall of the common carotid arteries at 1.0, 2.0, and 3.0 cm proximal to the bifurcation, and
these six CIMT readings were averaged to give the mean common carotid CIMT.

2.3 Statistical analysis

3. Results

Data management and statistical analysis were performed with SPSS version 17. P values <
0.05 was considered statistically significant. Categorical variables are presented as
percentage of patients and were compared using the Chi-2 test. Continuous data are
expressed as mean * standard deviation, or median (quartile 25-75) for variables with
skewed distribution. A T-test or Mann-Whitney U test were used to compare mean or
median of variables in the two groups of patients with PIGF above vs. below median level.
The correlation between continuous variables was assessed by Pearson correlation testing or
Spearman’s rho, whichever was appropriate. The most appropriate PIGF transformation for
fitting the PIGF vs. eGFR association was investigated based on minimizing the Akaike
Information Criterion (AIC).[13] Multivariate linear regression model, with stepwise
approach, was used to examine the predictors of PIGF. Variables that were used in the
stepwise model included age, sex, eGFR, creatinine, Cystatin C, albuminuria, LDL-C, HDL-
C, Triglyceride, WBC, PTH. Cox proportional hazard model, Kaplan-Meier survival curves,
and log-rank test were used to assess the association of PIGF and clinical outcomes. First,
we used Cox proportional hazard model without adjusting for confounders to examine the
hazard ratio (HR) of cardiovascular outcome or mortality in CKD patients with PIGF above
median level versus those below the median level as reference group. We used the same
approach for association of sFlt-1 and outcome. In model 1, we included both PIGF and
sFIt-1 to examine the proportional association of each variable with outcomes. Model 2 was
adjusted for age and sex. Model 3 was adjusted for BMI, diabetes, smoking, SBP, and LDL-
C as well as age and sex. In model 4, albuminuria and eGFR were also added to the previous
adjustors.

Mean patient age was 65.7+11.8 years. Sixty one percent of participant were male (n=184),
39% (n=118) had diabetes, 32.7% (n=98) had known cardiovascular disease, and 11.3%
(n=34) were smokers. CKD stages 2, 3, and 4 encompassed 16.6% (n=50), 60.8% (n=183),
and 22.6% (n=68) of the total cohort, respectively. Mean (SD) of PIGF was 5.45 ng/ml
(3.76), ranging from 0.1 to 22.3 ng/ml. Mean (SD) of sFlt-1 was 68.8 pg/ml (28.0), ranging
from 19.2 to 201.9 pg/ml (Supplemental Fig. 1A and B).

Table 1 shows the baseline general, demographic, and biochemical characteristics of the
study participants in total and in patients above and below median level of PIGF. At
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baseline, patients with PIGF above median level had lower HDL-C (p= 0.001), higher serum
PTH (p=0.021), and higher prevalence of CVD (p= 0.03). There was no significant
difference between serum level of PIGF among CKD patients with or without prior history
of CVD (6.1+3.8 vs. 5.4+3.7 ng/ml, respectively; p=0.26). Likewise, serum level of PIGF
was not different between diabetic and non-diabetic patients (5.7+3.8 vs. 5.3+3.8 ng/ml,
respectively; p=0.31), and between patients on statin therapy and those who were not on
statin (5.2+£3.4 vs. 5.7£4.0 ng/ml, respectively; p=0.19). There was a weak but significant
inverse correlation between serum level of PIGF and eGFR (r= —0.13, p=0.022). There was
also a trend towards higher level of PIGF in advanced stages of CKD (Supplemental Fig. 2,
p for trend=0.019). CIMT was not statistically significantly different across tertiles of PIGF
(Supplemental Fig. 3, p for trend=0.139).

Table 2 shows the correlation coefficients between serum level of PIGF and sFlt-1 with the
markers of kidney disease, nutrition, and inflammation. PIGF and sFIt were positively
correlated with cystatin C, albuminuria, and pro-BNP, but negatively with eGFR. While
examining the association between PIGF and eGFR, the best-fitting transformation was
found to have a negative and significant correlation with eGFR (Supplementary Table 1).
However, in multivariate regression analysis, only cystatin C, HDL-C, and triglycerides
were independent predictors of PIGF (Data not shown). There was no significant correlation
between serum PIGF and sFlt-1 (Supplemental Fig. 4).

Patients were followed up for a mean of 2.7+0.9 years with maximum follow up time up to 4
years. During the follow up time, 60 patients (19.9%) experienced a cardiovascular event
and 22 patients (7.3%) died from cardiac (n=12) and non-cardiac causes (n=10). Kaplan
Meir analysis showed that CKD patient with PIGF above median had higher CV event (Fig.
1A, log-rank test p=0.014) and mortality (Fig. 1B, log-rank test p=0.004). Compared with
low PIGF, patients with PIGF above median level had higher CV events (12.7% vs. 27.2%,
p=0.002) and mortality (2.0% vs. 12.6%, p < 0.001). Patients with sFIt-1 above median had
higher mortality rate (Fig. 2B, log-rank test p=0.005), but there was no statically significant
difference in CV event in patients with sFlt-1 above median vs. those below median (Fig.
2A, log-rank test p=0.10).

Unadjusted and multivariate-adjusted Cox proportional hazard ratios of cardiovascular
events and mortality are reported in Table 3. The risk for CV event rate was significantly
higher among patients with PIGF above median when compared to those with PIGF below
median level (HR=1.97, 95% CI: 1.14-3.40, p=0.016), but lost significance after adjusting
for sFlt-1, age, sex, BMI, diabetes, smoking, SBP, LDL-C, albuminuria, and eGFR. In order
to understand the graded relationship between PIGF level and CV outcome, we repeated the
analysis using PIGF as continuous variable and noted a borderline significant association
(HR 1.75, 95% ClI: 0.98-3.13, p=0.058). (Supplementary table 2) There was no association
between sFlt-1 level and CV outcomes.

Higher PIGF was associated with 5 times greater risk of mortality in CKD patients
(HR=5.22, 95% CI: 1.49-18.33, p=0.01). This increased death risk was robust to adjustment
for sFlt-1 and other risk factors. Similarly, higher sFlt-1 was associated with increased death
risk in the fully adjusted model (HR 3.41, 95% CI: 1.49-9.51, p=0.019). The PIGF/sFIt-1
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ratio was not associated with CV events or mortality (data not shown). When treated as
continuous variables, PIGF remained a significant predictor of mortality (HR 1.136 (95% ClI
1.024-1.261, p=0.016), but sFIt-1 did not have a significant association with mortality (HR
1.011 (95% CI 0.998-1.024, p=0.092). (Supplementary table 2)

4. Discussion

In this study of 301 patients with CKD stages 2 to 4, we showed that higher circulating
levels of vascular endothelial factors PIGF and sFlt-1 are associated with 5.2 fold and 3.4
fold increased risk for death, respectively. The associations were robust and persisted even
after adjusting for a number of known confounding variables. CIMT, a surrogate measure of
atherosclerosis was not associated with either of the vascular endothelial factors. Although,
PIGF was associated with CV events in the unadjusted model, it did not retain significance
in the fully adjusted model.

PLGF (molecular weight 29.7 kDa) is freely filtered into the urine, but sFlt-1 (molecular
weight 110-kDa) is not filtered through the glomerular barrier, under physiological
conditions. Glomerular epithelial cells and tubular cells exhibit VEGF expression.[14]
Injection of sFlt-1 causes hypertension, proteinuria, and glomerular endotheliosis in rats.[15]
PIGF and sFIt-1 levels are reported to be increased in patients with impaired renal function.
[8, 16] On the other hand, Onoue et al. showed that renal production, as well as the plasma
level of sFlt-1, decreased with decline in eGFR.[17] In a study of 114 patients, including 45
CKD patients, 31 hemodialysis patients, and 38 age-matched controls, Zakiyanov et al.
found that PIGF was significantly increased in the CKD and hemodialysis patients compared
to age-matched healthy controls.[18] Proteinuria appears to be an effect common to all
agents targeting the VEGF pathway.[19] In our study, PIGF and sFlt-1 levels were
negatively correlated with eGFR and positively correlated with albuminuria.

PIGF is a pro-atherogenic cytokine that induces vascular smooth muscle cell proliferation,
monocyte chemotaxis, plaque inflammation, and plaque instability. [20-22] PIGF was found
to be upregulated within atherosclerotic lesions in both early and advanced stages.[21, 23] In
our study, higher PIGF concentration was correlated with lower HDL-C and higher
triglycerides but not LDL-C, and CRP. The role of VEGF and sFlt-1 in the pathogenesis of
atherosclerosis remains unclear.[24, 25] In vitro studies show that sFlt-1 binds VEGF,
inhibits the binding of VEGF to endothelial cells and prevents cell migration.[26] The
Salzburg Atherosclerosis Prevention Program in Subjects at High Individual Risk (SAPHIR)
showed that neither VEGF nor sFIt-1 showed an independent association with carotid
atherosclerosis.[27] sFIt-1 level was not associated with CIMT in our study population as
well. Although there was a trend toward higher CIMT across tertiles of PIGF, it was not
statistically significant (Supplemental Fig. 3).

In addition to atherosclerosis and plaque instability, PIGF is shown as a prognostic factor of
cardiovascular outcome.[28] In 4-year follow up study of 544 participants enrolled in the
placebo arm of the c7E3 Fab Anti Platelet Therapy in Unstable REfractory angina
(CAPTURE) trial, elevated plasma levels of PIGF was associated increased risk of
myocardial infarction and mortality.[29] Elevated PIGF concentration was associated with
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higher all-cause and cardiovascular death risk in cohort of 190 type 1 diabetes patients who
were followed for 10 years.[16] In a nested case-control study of women who were followed
for 14 years, Cassidy et al. found a modest association between PIGF and cardiovascular
disease.[30] A recent study by Matsui et al. also showed that increased ratio of PIGF to its
receptor, sFlt-1, is associated with increased CV events in CKD patients. [31] We did not
find any association between sFlt-1 and CV events. Serum PIGF was associated with CV
events in the unadjusted model, but not in the fully adjusted model. It is possible that we
were not able to demonstrate significant association between serum PIGF and CV event in
our study because of a relatively small number of subjects studied.

Matsumoto et al. also noted that PIGF level is not associated with CV events in patients with
stable coronary artery disease.[32] They found PIGF/s-Flt-1 ratio to be an independent
predictor of all-cause mortality, but not CV events.[32] We found that elevated circulating
levels of PIGF and sFIt-1 are associated with a 5.2 and 3.4 fold increase in risk for death.

The ratio of PIGF to sSFLT-1 was not associated with any clinical outcomes in our study
population. It is possible that the pathophysiological mechanisms of these angiogenic
cytokines extend beyond CVD, since the integrity of the microvasculature and immune
response is vital for survival. [33-35] Further studies exploring the possible mechanism for
the association between these angiogenic cytokines and mortality are warranted.

Our study should be interpreted in light of the following limitations: (a) our study is
relatively small sample size which may explain lack of power to detect a moderate effect
size and (b) this is a single site study and therefore, the findings of our study need to be
confirmed in other populations.

In summary, in this prospective cohort study of CKD 2 to 4 patients, who were followed for
up to 4 years, serum level of PIGF and sFlt-1 at baseline were positively associated with
higher mortality risk, but not CV events. If future studies confirm the findings of our study,
then medications such as Aflibercept that bind selectively to circulatory PIGF and inhibits
binding PIGF to its receptor might have some therapeutic effect.[36] To that end, we suggest
additional observational and experimental studies to further examine the diagnostic and
prognostic values of PIGF and to elucidate the factors that may alter its concentration in
CKD patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Kaplan-Meier analysis showing the association of placental growth factor (PIGF) with
cardiovascular event (A, log-rank test p=0.014) and mortality (B; log-rank test p=0.004) in
301 patients with CKD
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Figure 2.

Kaplan-Meier analysis showing association of soluble fms-like tyrosine kinase-1 (sFlt-1)
with cardiovascular events (A, log-rank test p=0.102) and mortality (B, log-rank test
p=0.005) in 301 patients with CKD
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Baseline characteristics of 301 individuals in total, and in patients with placental growth factor (PIGF) above

verses below median level

Characteristics All participants PIGF level PIGF level P
(n=301) below median above median value
<4.42 pg/ml 24.42 pg/ml
(n=150) (n=151)

Demographic and clinical data
Male (%) 61.1 56.7 65.6 0.11
Age (years) 6612 65+12 6611 0.5
Diabetes mellitus (%) 39.2 35.3 43 0.17
CVD (%) 32.7 26.7 38.7 0.03
Smoker (%) 11.3 8.7 13.9 0.15
BMI (kg/m?) 30.2+5.5 30.4+6.0 30.2+4.9 0.76
SBP (mm-Hg) 154425 155426 153+24 0.46
DBP (mm-Hg) 87+13 87+14 8612 0.47

Laboratory data
SFIt-1 (pg/ml) 68.6+28.0 69.5+28.8 67.8+27.1 0.60
eGFR (ml/min/1.73 ) 43%15 45+15 43+16 0.11
Creatinine (mg/dl) 1.64+0.67 1.56+0.62 1.73+0.71 0.26
Albuminuria (mg/g) 0.04 (0.01-0.20)  0.03 (0.01-0.13)  0.05 (0.01-0.29)  0.056
Albumin (g/l) 43.9+£3.3 43.6£3.3 44.4+3.2 0.30
Hemoglobin (g/dl) 13.4+1.7 13.4+16 13.5+1.8 0.82
Leukocytes (1000/ml) 6.8+1.8 6.5+1.7 7.2+¥1.9 0.001
Platelets (1000/ml) 221461 219457 223+65 0.53
C Reactive Protein (mg/l) 2.7 (1.2-5.0) 2.4 (1.1-4.7) 2.8 (1.2-5.9) 0.30
Ferritin (ng/ml) 140 (79-256) 128 (73-253) 151 (92-270) 0.25
PTH (pg/ml) 53 (37-88) 49 (35-74) 58 (41-95) 0.021
CIMT (mm) 0.66+0.14 0.65+0.14 0.67+0.14 0.16
Triglycerides (mg/dl) 138 (97-204) 128 (92-185) 157 (107-221)  0.73
LDL-C (mg/dl) 117£35 114 35 119+36 0.27
HDL-C (mg/dl) 51+17 54+18 47+16 0.001

PIGF: placental growth factor; sFlt-1: soluble fms-like tyrosine kinase-1; eGFR: estimated glomerular filtration rate; PTH: parathyroid hormone,
CIMT: carotid-intima media thickness; LDL-C: Low density lipoprotein cholesterol; HDL-C: High density lipoprotein cholesterol; eGFR was
calculated based on 4-parameter MDRD formula
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Unadjusted and multivariate adjusted hazard ratio of cardiovascular events and mortality in patients with CKD

stages 2 to 4 with high level of placental endothelial growth factor: above median verses below median

(reference group)

PIGF above vs.

sFIt-1 above vs.

below median below median
Hazard ratio p value Hazard ratio p value
(95% CI) (95% CI)
CV event
Unadjusted  1.97 (1.14-3.40) 0.016  153(0.92-256)  0.10
Model 1 1.94 (1.12-3.36) 0018  150(0.90-251)  0.12
Model 2 1.98 (1.14-3.43) 0.015 1.42 (0.85-2.39) 0.19
Model 3 1.96 (1.10-3.48) 0.022 1.43 (0.84-2.43) 0.19
Model 4 1.002 (0.934-1.375) 0.95 1.34 (0.79-2.28) 0.28
Mortality
Unadjusted 5.0 (1.47-17.05) 0.01  3.78(1.39-10.28)  0.009
Model 1 482(1.41-16.48) 0012  3.62(1.33-9.82)  0.012
Model 2 5.17 (1.51-17.67) 0.009 3.43 (1.26-9.35) 0.016
Model 3 5.43 (1.56-18.90) 0.008  3.46(1.25-9.58)  0.017
Model 4 5.22 (1.49-18.33) 0.01 3.41 (1.49-9.51) 0.019

PIGF: placental growth factor; sFlt-1: soluble vascular endothelial growth factor receptor-1; BMI: body mass index; SBP: systolic blood pressure;

LDL-C: low density lipoprotein cholesterol; eGFR: estimated glomerular filtration rate

Model 1: PIGF, sFit-1
Model 2: PIGF, sFlt-1, age, and sex

Model 3: PIGF, sFlt-1, age, sex, BMI, diabetes, smoking, SBP and LDL-C
Model 4: PIGF, sFlt-1, age, sex, BMI, diabetes, smoking, SBP, LDL-C, albuminuria, and eGFR
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