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ARTICLE INFO ABSTRACT

Keywords: Introduction: Preeclampsia (PE) is an important complication of pregnancy that can lead to chronic kidney dis-

Endoglin ease. Soluble fms-like tyrosine kinase-1 (sFlt-1), placental growth factor (PIGF), the sFlt-1/PIGF ratio and

Elace‘l’tal growth factor (PIGF) endoglin are biomarkers for the differential diagnosis of PE and other diseases. We aimed to explore the cor-
reeclampsia

relation of these biomarkers with long-term renal function, blood pressure and the urine albumin/creatinine
ratio (UACR) in PE patients.

Methods: 34 patients with PE were enrolled. Blood samples for sFlt-1, PIGF, endoglin and the urine albumin/
creatinine ratio (UACR) were collected at the time of PE diagnosis (at 35-40 weeks’ gestational age (GA)
(87.50% of cases). After delivery, the patients were followed up at three months and one year to assess blood
pressure, renal function and the UACR.

Results: Thirty-four PE patients were included, and 17 completed the study. The estimated glomerular filtration
rate (eGFR) decreased significantly at three months and one year after follow-up (128.20 + 10.34 to 120.75 +
10.166 ml/min/1.73 m? (p = 0.001) at three months and 126.71 + 9.948 to 114.29 + 11.274 ml/min/1.73 m?
(p < 0.001) at one year). The endoglin level correlated significantly with the eGFR level during PE, but there was
no correlation of any biomarker with eGFR, blood pressure, or the UACR at one year.

Conclusion: Women with PE have a reduction of eGFR at three months and one year after the diagnosis of PE.
Only endoglin is correlated with eGFR antepartum; however, it is not correlated with long-term renal function,
blood pressure or the UACR.

Renal failure
Soluble fms-like tyrosine kinase-1 (sFlt-1)

1. Introduction [7]1. McDonald et al. [8] published a systematic review and
meta-analysis of 7 cohort studies involving 273 patients with PE. They

Preeclampsia (PE) is a considerable obstetric problem and a signifi-
cant source of long-term cardiovascular problems [1,2]. In general,
black women and women with lower socioeconomic status are at
increased risk for PE [3,4]. Because low socioeconomic status is a
marked risk factor for obesity, metabolic syndrome, hypertension and
cardiovascular disease, socioeconomic status is also likely to be associ-
ated with maternal hypertension [5]. PE affects approximately 4-8% of
pregnancies [6]. Moreover, it has been shown that women with PE have
an increased risk of hypertensive disorders and acute kidney injury,
though renal function might improve at 6 weeks postpartum. PE has
been shown to increase the risk of future chronic kidney disease (CKD)

found a 4-fold increased risk of microalbuminuria. Furthermore, Kha-
shan et al. [9] reported that women with PE have a 5-fold increased risk
of end-stage renal disease (ESRD) compared with those without PE.
Soluble fms-like tyrosine kinase 1 (sFlt-1) is a key factor in the
pathogenesis of PE and has the most prominent role in the pathology.
Circulating levels of sFlt-1 correlate with PE severity, and its high levels
lead to widespread maternal vascular endothelial dysfunction and hy-
pertension or proteinuria [10,11]. Endoglin, a coreceptor for trans-
forming growth factor f1 and B3, is upregulated in PE [12]. sFlt binds
two proangiogenic proteins, namely, placental growth factor (P1GF) and
vascular endothelial growth factor (VEGF). The serum levels of free PIGF
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and free VEGF decrease before PE develops [10,13,14]. Urinary PIGF
has been explored as another positive screening test for the diagnosis of
PE [15], and PIGF levels have been demonstrated to be decreased in PE
both in urine and in serum [16-19]. This is most likely due to its binding
to circulating sFlt-1, whose levels are elevated [20]. The levels of sFlt-1
begin to rise in the early second trimester and as early as 10-11 weeks of
gestation [21,22]. Excess sFlt-1 in patients with PE causes endothelial
dysfunction and produces proteinuria, hypertension and kidney damage
[20]. In a single study, Katela et al. demonstrated that antepartum sFlt-1
levels correlated with impaired renal function parameters and that a
reduced glomerular filtration rate (GFR) persisted up to 6 months
postpartum [23]. A significant correlation was found between a high
level of serum endoglin and severe PE. A positive correlation was also
found between the serum level of soluble endoglin and intrauterine
growth retardation (IUGR) [24]. The soluble endoglin level and
log-transformed sFlt-1:PIGF ratio tended to track together and were each
associated with PE [10].

Although these antiangiogenic factors are reported to be predictive
of progression to CKD, there have been no longitudinal studies to spe-
cifically examine the effects of these factors on renal function [25].
Moreover, there are still controversies regarding the predictive potential
of these biomarkers as biomarkers of progression of renal function [26].
PE patients require long-term follow-up of albuminuria and renal
function. The aims of this study were to investigate the relationships of
sFlt-1, PIGF and endoglin with long-term renal function, blood pressure
and proteinuria in women with PE.

2. Materials and methods

This was a prospective observational study conducted at the
Department of Medicine and Department of Obstetrics and Gynecology,
Faculty of Medicine, Navamindradhiraj University, from October 2019
to December 2020. All the participants provided informed consent, and
the study was approved by the local ethics committee (Approval date
December 19, 2018, No 177/2561). This work has been reported in
accordance with STROCSS 2021 guidelines [27]. Also, it is registered at
ClinicalTrials.Gov Identifier: NCT04940260.

The study subjects included 34 pregnant women aged 18 years or
higher at 24 or more weeks of gestation, who were diagnosed with PE
per the criteria recommended by the American College of Obstetricians
and Gynecologists (ACOG) [28] between March 2019 and December
2020. The exclusion criteria were chronic hypertension, CKD according
to the KDIGO criteria [29], twin pregnancy, or underlying diabetes
mellitus. Of the 34 women enrolled in this trial, 2 patients were excluded
for twin pregnancy or a history of diabetes mellitus. Fifteen women were
lost to follow-up. The remaining 17 patients completed the study.

2.1. Data collection and laboratory measurements

The following baseline demographic and clinical data were recorded:
age, GA at which the PE was diagnosed, blood pressure, medication
history, and parity. Laboratory data included the complete blood count,
blood urea nitrogen (BUN), creatinine, aspartate aminotransferase
(AST), alanine aminotransferase (ALT), albumin, alkaline phosphate,
and lactate dehydrogenase (LDH). We also measured 24-h urine protein
excretion and calculated the random urine protein-creatinine ratio. The
estimated GFR (eGFR) was determined by the CKD Epidemiology
Collaboration (CKD-EPI) creatinine equation [30]. Enzyme-linked
immunosorbent assays (ELISAs) for human soluble endoglin, sFltl,
and free PIGF were conducted in duplicate (R&D Systems, Minneapolis,
MN, USA) following the manufacturer’s instructions.

We then calculated the ratio of sFlt-1:PIGF, which is an index of
antiangiogenic activity that reflects both increased sFlt-1 and decreased
PIGF in women with PE and better predicts its occurrence than either
protein alone [31]. We measured the sFlt-1/PIGF ratio and endoglin at
the time of PE diagnosis in every patient, mostly at a GA of 35-40 weeks
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(87.50% of cases). All the participants were followed up at 3 months and
at 1 year. At each follow-up visit, the patient’s blood pressure, UACR and
serum creatinine were recorded.

2.2. Investigation of study outcome

The primary outcome was the ratio of sFlt-1/PIGF together with
endoglin and eGFR at 1 year postpartum. Because this was an observa-
tional study with infrequent visits, namely, only two visits in one year,
we did not record the time to doubling of serum creatinine as an
outcome marker. The secondary outcomes were the correlation of these
biomarkers with systemic blood pressure and the UACR at 3 and 12
months.

2.3. Statistical analysis

Values are expressed as the mean + SD or median (interquartile
range) as appropriate unless otherwise indicated. Categorical variables
are expressed as percentages. The comparison between eGFR at various
time points (0, 3, 12 months) in the same patient was examined with the
paired t-test. Pearson’s correlation coefficient was calculated between
individual biomarker proteins, blood pressure, and eGFR at 3 and 12
months. The biomarker level data were stratified into 4 quartiles to
examine the correlation between these biomarkers and the UACR by
means of the Kruskal-Wallis test. A p value less than 0.05 was regarded
as representing a statistically significant difference. STATA Software,
version 12 (Stata Corp, College Station, TX), was used for all
calculations.

3. Results

The clinical and biochemical characteristics of the study participants
are presented in Table 1. Forty-two patients who were diagnosed with
PE were recruited. Eight patients withdrew from the study for personnel
reasons. Two were excluded due to twin pregnancy or previous history
of diabetic kidney disease with preexisting proteinuria. The remaining
32 patients were included in the study. The mean age was 28.14 + 6.00
years, and 13 patients (40.6%) were primigravid. The mean gestational

Table 1
Baseline Characteristics of patients.

Baseline characteristic n Mean =+ SD, Median (IQR)
Age (years) 32 28.41 + 6.50
Primigravid 13 40.63
Parity (weeks) 32 37.34 + 2.28

30-34 2 6.25

35-40 28 87.5

More than 40 2 6.25

Preterm 7 21.88
Systolic blood pressure (mmHg) 32 144.44 £ 12.61
Diastolic blood pressure (mmHg) 32 90.28 + 8.87
BUN (mg/dl) 32 9.16 + 4.01
Creatinine (mg/dl) 32 0.58 (0.49-0.66)
Estimate glomerular filtration rate (eGFR) 32 127.00 £+ 11.02
Urine microalbumin (mg/L) 32 69.5 (33.95-185)
Urine creatinine (mg/dL) 32 90.29 (56.83-127.94)
UACR (mg/g) 32 70.8 (41.63-141.8)
Fetal weight (g) 32 2777.03 + 407.28
AST (U/L) 32 17 (15-23)
ALT (U/L) 32 17 (12.5-26)
ALP (U/L) 32 139 (128-164)
Albumin (g/dl) 32 2.68 + 0.49
Hemoglobin (g/dL) 32 12.55 (11.45-12.85)
White blood cell count (/uL) 32 10070 (8245-12230)
Platelet count (/uL) 32 246000 (217500-269500)
LDH (u/1) 32 173 (156.5-188)

BUN; blood urea nitrogen, UACR; urine albumin/creatinine ratio; AST; aspartate
aminotransferase, ALT; alanine aminotransferase ALP; alkaline phosphatase,
LDH; lactate dehydrogenase.
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age was 37.23 + 2.28 months (range 35-40 weeks). The mean systolic
and diastolic blood pressures were 144.44 + 12.61 mmHg and 90.28 +
8.87 mmHg, respectively. The median UACR at the diagnosis point of PE
was 70.8 (41.63-141.8) mg/g creatinine. The mean fetal weight was
2777.03 + 407.20 g. The UACR values were above 20 mg/g creatinine
in 30 (93.75%) of the participants. The renal function tests were within
normal limits: the median creatinine level was 0.58 mg/dl (0.49-0.66),
and the mean eGFR value was 127.00 + 11.02 mL/min/1.73 m2 The
CBC and liver function tests of all participants, except one who had se-
vere PE with hemolysis, elevated liver enzymes and low platelet count
(HELLP syndrome), were within the normal ranges. In total, 20 partic-
ipants were followed up at 3 months, but only 17 patients remained in
the study at 12 months. The reason was that almost all of them returned
to their hometown in rural areas and due to COVID-19 pandemic with
caused travel restriction in our country.

3.1. Biomarker levels

3.1.1. Endoglin

Among all 32 participants, the mean serum endoglin was 47.84 +
26.02 ng/ml (95% CI, 38.46 to 57.22). After stratifying serum endoglin
into quartiles, we found that the serum endoglin level was significantly
negatively correlated with eGFR at the time of the PE diagnosis (p =
0.003) but did not show a correlation at any other time point. Serum
endoglin did not show any correlation with UACR at any time point
(Figs. 1 and 2).

3.1.2. Changes in renal function, UACR and blood pressure

During the 12-month follow-up period, eGFR declined significantly
from baseline (Table 2). At the end of 12 months, eGFR dropped from
126.71 + 9.94 mL/min/1.73 m? to 114.29 + 11.29 mL/min/1.73 m* (p
< 0.001). At 3 months after the diagnosis of PE, eGFR significantly
decreased from 128.20 + 10.34 mL/min/1.73 m? to 120.75 + 10.6 mL/
min/1.73 m? (p < 0.001). Only 8 patients still had UACR above 20 mg/g
creatinine at 3 months (Table 3), whereas 6 patients (35.29%) had
persistent albuminuria above 20 m/g at 1 year. At 3 months, 3 patients
had blood pressure greater than 140/90 mmHg (15%) and remained
hypertensive at the end of 12 months. Of note, one patient in this group
also had persistent albuminuria, while 14 in 17 patients at one year
(82.35%) were normotensive and 11 patients (64.71%) were normoal-
buminuric. At one year, one of the remaining 17 patients (5.88%) still
had both albuminuria and hypertension. There was no correlation be-
tween biomarker levels and blood pressure at baseline. However, the
sFLt-1 and sFLt-1/PIGF ratio had negative correlation with diastolic
blood pressure at 3 months (p = 0.008 and p = 0.002 respectively)
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Fig. 1. Correlation of serum endoglin with UACR at baseline.
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Fig. 2. Correlation of serum endoglin with baseline eGFR.
Table 2
Changes in eGFR from baseline to 3 months and 1 year.
3 month (n = 20) p- 1year (n =17) p-value
K value K
Baseline 3 month Baseline 1 year
Mean + Mean + Mean + Mean +
SD SD SD SD
eGFR 128.20 + 120.75 + 0.001 126.71 + 114.29 + <0.001
10.34 10.16 9.94 11.27

The baseline eGFR at each time point denoted the value of theremaining patients
at that time.

Table 3
Follow-up blood pressure and UACR from baseline to 3 and 6 months.
Baseline 3 month 1 year
n (%) n (%) n (%)
Blood pressure (mmHg) 32 (100) 20 17
<140/90 17 (85.00) 14 (82.35)
>140/90 3 (15.00) 3(17.65)
UACR (mg/g) 32 (100) 20 (100) 17 (100)
<20 2(6.25) 12 (60.00) 11 (64.71)
>2 30 (93.75) 8 (40.00) 6 (35.29)
Blood pressure and UACR 32 (100) 20 17
BP < 140/90 and UACR < 20 18 (90.00) 16 (94.12)
BP > 140/90 and UACR>20 2 (10.00) 1 (5.88)

UACR,; urine albumin/creatinine ratio, BP; blood pressure.
(Table 4).

3.1.3. sFlt1/PIGF ratios

The median sFlt-1 level was 3096.35 pg/mL (range
2271.51-3978.48 pg/mL), while the PIGF level was 219.58 pg/mL
(range 767.08-373.04 pg/mL). The sFtl-1/PIGF ratio was 15.70 + 9.01
(95% CI, 12.46-18.95) (Table 5). When the sFtl-1/PIGF ratios were
classified into 4 quartiles, they did not show any correlation with the
UACR or eGFR (Figs. 3 and 4). Each of the following quartiles comprised
25% of the patients in the study: a sFLt1/PIGF ratio below 9.14 (Q1),
within 9.14-15.28 (Q2), within 15.29-22.85 (Q3) or above 22.85 (Q4).
As the sFtl-1/PIGF ratio increased from quartiles 1 to 3, the UACR ten-
ded to rise but did not reach statistical significance (Fig. 3).

4. Discussion

In this study, the majority of PE patients were diagnosed from 35 to
40 weeks (87.50%), and most of them had near-term or term deliveries,
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Table 4
Correlation between blood pressure and biomarkers at different time point.
Baseline At 3 mo Atlyr
n r p-value n r p-value n r p-value
systolic (mmHg)
sFLt-1 (pg/ml) 32 —0.078 0.67 20 0.086 0.719 17 0.040 0.880
PIGf (pg/ml) 32 0.106 0.564 20 —0.158 0.504 17 0.190 0.466
sFlt-1/PIGF 32 —-0.169 0.355 20 0.069 0.771 17 —0.264 0.307
Endoglin (ng/ml) 32 —0.269 0.136 20 0.056 0.814 17 —0.263 0.308
diastolic (mmHg)
sFLt-1 (pg/ml) 32 —0.070 0.704 20 —0.576 0.008 17 —0.170 0.515
PIGf (pg/ml) 32 0.017 0.928 20 0.173 0.465 17 —-0.154 0.556
sFlt-1/P1GF 32 —0.116 0.526 20 —0.646 0.002 17 —0.085 0.746
Endoglin (ng/ml) 32 0.016 0.932 20 —0.299 0.201 17 —0.429 0.086

Pearson Correlation CoefficientSignificant if p < 0.05sFlt-1; soluble fms-like tyrosine kinase-1, PIGF; placental growth factor.

Table 5
Mean and median sFLt-1, PIGF, sFlt-1/PIGF and endoglin levels.

Measurement n Mean + SD 95%CI Median (IQR)
sFlt-1 (pg/ml) 32 - - 3096.35
(2271.56-3978.44)
PIGF (pg/ml) 32 - - 219.58 (167.08-373.04)
sFlt-1/PIGF 32 15.70 + 12.46-18.95 -
9.01
Endoglin (ng/ 32 47.84 + 38.46-57.22 -
ml) 26.02
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Fig. 3. sFlt-1/PIGF ratio divided into 4 quartiles plotted against the UACR at
baseline and one year.

with only 7 cases delivering before 37 weeks. This indicated that their
preeclamptic symptoms were mild or moderate in severity. The mean
systolic and diastolic values of the patients in this study were in the
moderate range of hypertension. The endoglin and sFtl-1 levels observed
in our preeclamptic pregnancies were higher than the levels found in
normal pregnancies (9.8-17.8 ng/ml for endoglin and 1130-1500 pg/
mL for sFtl-1) as reported by other authors [15,31,32]. Also, the
sFtl-1/PIGF ratio observed in preeclamptic pregnant women in this
study was above 10, which was the cutoff level suggesting PE [33].
Our findings are consistent with the notion that these biomarker
changes are a consequence of PE, making these indicators a prognostic
factor for developing impaired kidney function in the long term. As PE is
a generalized endothelial dysfunction syndrome that leads to hyper-
tension, glomerular endotheliosis results in proteinuria and
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Fig. 4. Correlation between serum endoglin and eGFR at baseline and one year.

coagulopathy seen in the maternal syndrome of PE. The anti-angiogenic
states from excessive levels of circulating anti-endothelial factors pro-
duced by the diseased placenta, such as sFlt-1 and endoglin, can cause
generalized endothelial dysfunction. The consequences of endothelial
dysfunction in PE are progressive proteinuria and CKD [26]. A Taiwa-
nese study compared 26,651 women who experienced hypertensive
disorders during pregnancy compared with 213,397 women with
normal pregnancies.They found that women with high blood pressure
had a 5.38-fold increased risk of CKD and a 12.4-fold increased risk of
ESRD [34]. In a meta-analysis, McDonald et al. [8] included7 cohort
studies involving 273 patients with preeclampsia and 333 uncompli-
cated pregnancies.They showed that at 7.1 years postpartum, women
who had PE developed microalbuminuria 4.31 times as often as women
with uncomplicated pregnancies (31% vs. 7%). In line with the findings
of McDonald et al., we found a reduction in eGFR at 12 months post-
partum in women with PE. The levels of sFltl-1 and endoglin were
moderately elevated in our study, and serum endoglin was the only
marker to negatively correlate with eGFR at the time of the PE diagnosis.
This is in agreement with a previous study by Cui et al. [35] who found
that serum endoglin in 172 pregnant women including 110 subjects with
preeclampsia and 62 normotensive pregnancies correlated with the
occurrence and severity of PE. Serum creatinine was found to be
significantly correlated with PE. We did not find the correlation between
blood pressure and biomarkers except at 3 months postpartum, when we
found that the diastolic blood pressure negatively correlated with sFLt-1
and sFLt-1/PIGF ratio. The mean blood pressure was also observed to be
lowest at 3 months postpartum. This could be because of the
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continuation of hypertensive medications among these women.

It has been reported that serum endoglin increases at early stages of
atherogenesis due to damage to endothelial cells [36]. Endoglin
expression has been associated with plague neoangiogenesis, collagen
production and atherosclerotic lesion stabilization [37]. Serum endoglin
has been shown to have profibrotic effects in kidney disease [38]. Our
study showed that endoglin had a correlation with eGFR only at the time
of the PE diagnosis, since these biomarkers returned to normal post-
partum. The sFlt1/PIGF ratio had no correlation with long-term renal
function in our study. In contrast to sFlt-1, soluble endoglin does not
interfere with VEGF-A signaling in endothelial cells but does inhibit
TGF-p signaling, leading to decreased endothelial nitric oxide synthase
activity and vasoconstriction in isolated rat blood vessels [12]. Since
TGF-f plays a central role in renal fibrosis, endoglin should have a
pivotal role in CKD progression.

Our study has several limitations. First, we did not have a control
group. We used only the cutoff levels previously reported from other
trials, which led to concordant results. Second, the sample size was small
and decreased in size even more before completion of the study, with
only 17 patients remaining in the end. This was due to the remote area of
the patients’ residences, so they were reluctant to attend follow-up
visits. Third, we did not repeat the biomarker measurements again at
the end of the study. Thus, trials with larger sample sizes are warranted.

In conclusion, the sFlt-1/PIGF ratio and endoglin were elevated at
the time of the PE diagnosis but did not correlate with long-term renal
function or blood pressure. Endoglin was correlated with eGFR at the
time of diagnosis. Hypertension and albuminuria were resolved in the
majority of PE cases. Nevertheless, kidney function declined in these
cases. Therefore, PE has a meaningful effect on long-term renal function.
The present study provides a good framework for future study to explore
the new biomarkers to better correlate with kidney outcomes.
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