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Abstract
Gestational hypertension (GH) and preeclampsia (PE) are characterized by an imbalance in angiogenic factors. However, the
relationship among these factors with the severity of hypertensive disorders of pregnancy (HDP) and adverse outcomes are not fully
elucidated. We examined whether these biomarkers are related with the severity of HDP and adverse outcomes.
Using a cross-sectional design, serum concentrations of placental growth factor (PlGF), soluble fms-like tyrosine kinase-1 (sFlt-1),

and soluble endoglin were determined in 764 pregnant women: 75 healthy pregnant, 83 with mild GH (mGH), 105 with severe GH
(sGH), 122 with mild PE (mPE), and 379 with severe PE (sPE).
All angiogenic factors’ concentrations were significantly different (P�0.041) in HDP than in healthy pregnancy. In addition, these

factors weremarkedly different in sPE than in mPE, sGH, or mGH (P�0.027) and in patients with sGH that in those with mPE or mGH
(P<0.05). As compared to mGH and mPE, patients with sGH and sPE had higher rates of both preterm delivery at <34 weeks of
gestation and small-for-gestational age infants. Moreover, patients with sPE had higher rates of adverse maternal outcomes (P<
0.001) when compared to patients with mGH, sGH, or mPE. In all cases, levels of sFlt-1/PlGF ratio were significantly higher in patients
with sGH and sPE who had adverse perinatal and maternal outcomes than in those with sGH and sPE who did not (P�0.016).
Circulating concentrations of angiogenic factors appear to be suitable markers to assess the severity of GH and PE, and adverse

outcomes.

Abbreviations: GH = gestational hypertension, HDP = hypertensive disorders of pregnancy, HELLP = hemolysis, elevated liver
enzymes, low platelet count, mGH = mild GH, mPE =mild PE, PE = preeclampsia, PlGF = placental growth factor, sEng = soluble
endoglin, sFlt-1 = soluble fms-like tyrosine kinase-1, SGA = small-for-gestational-age, sGH = severe GH, sPE = severe PE.

Keywords: adverse perinatal and maternal outcomes, angiogenic factors, hypertensive disorders of pregnancy
1. Introduction

Hypertensive disorders of pregnancy (HDP) affect about 7% to
10% of all pregnancies and remain leading causes of maternal
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and perinatal morbidity and mortality. Gestational hypertension
(GH) and preeclampsia (PE) are HDP, both disorders occurring
after week 20 of pregnancy and resolve within 12 weeks after
delivery. The only difference between GH and PE is the presence
of significant proteinuria in the latter condition, and these
disorders are classified as mild or severe depending on the systolic
and/or diastolic blood pressure readings.[1,2]

It has been demonstrated that women who had severe GH
(sGH) had increased rates of adverse perinatal outcomes (preterm
delivery and small-for-gestational-age [SGA] infants) than in
women who had mild GH (mGH) or mild PE (mPE), but similar
to those who had severe PE (sPE).[3,4] Although the cause of HDP
remains unknown, accumulating evidence suggests that these
disorders result from an imbalance between placental pro- and
anti-angiogenic factors which damage maternal vascular endo-
thelium, leading to the clinical manifestations of these con-
ditions.[5,6] Lower circulating concentrations of placental growth
factor (PlGF) and higher concentrations of soluble vascular
endothelial growth factor receptor-1 (also referred as soluble fms-
like tyrosine kinase-1 [sFlt-1]), sFlt-1/PlGF ratio, and soluble
endoglina (sEng) are present at the time of diagnosis of PE, and
have also been associated with increase risk to develop this
condition or adverse outcomes.[7–11]

Although several studies have shown that serum concen-
trations of pro- and anti-angiogenic factors in women with GH
are intermediate between those found in healthy pregnant women
and women with PE, neither of these studies differentiated
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between mGH and sGH in their analysis. Therefore,
the relationship among these angiogenic factors and the severity
of GH and adverse outcomes has not been examined.
The goal of the present study was to evaluate whether

circulating concentrations of pro- and anti-angiogenic factors are
associated with severity of disease as well as to adverse outcomes
in women with GH and PE.
2. Patients and methods

The study protocol was approved by the scientific and ethics
committees of Instituto Mexicano del Seguro Social (approval
number R-2012-785-030), and all participating subjects signed
an informed consent. All women were patients admitted to the
Clinic of HDP of our hospital. Study participants were at
gestational age 20 wk or older and had new-onset hypertension.
Hypertension was defined as systolic or diastolic blood pressure
≥140 or ≥90 mm Hg, respectively, measured twice at least 4h
apart or 1 systolic or diastolic blood pressure ≥160 or ≥110 mm
Hg, respectively, treated with antihypertensive medication, and
that returned to normal values within 3 months after delivery.
HDP were defined according to the American College of
Obstetricians and Gynecology criteria (2). GH was defined as
isolated hypertension without significant proteinuria (mGH
≥140/90 mm Hg and sGH ≥160/110 mm Hg). mPE or PE
without severe features was defined as hypertension and
significant proteinuria (≥300mg protein in a 24-h urine specimen
or a protein to creatinine ratio ≥0.30mg/mg in a random urine
sample).[16] sPE or PE with severe features was considered when
either hemolysis, elevated liver enzymes, low platelet count
(HELLP) syndrome, eclampsia, or PE with severe hypertension
(systolic or diastolic blood pressure ≥160 or ≥110 mm Hg,
respectively) was present. Other parameters included, even in
absence of significant proteinuria were new-onset cerebral or
visual disturbances, abnormal liver enzymes levels (to twice
normal concentration), or pulmonary edema. The adverse
maternal outcomes included maternal mortality and any of the
following serious maternal morbidities: hepatic hematoma or
rupture (confirmed by ultrasound or laparotomy), pulmonary
edema (clinical diagnosis and with radiographic confirmation),
need for positive inotropic support, intubation (other than solely
for caesarean section), acute renal failure (creatinine ≥198mmol/
L), and placental abruption (clinical or pathological). The
adverse neonatal outcomes studied included preterm delivery, the
death (stillbirths [defined as death of a fetus] and neonatal death
[defined as death a newborn until hospital discharge]) and SGA
infant, defined as an infant whose birth weight was below the
10th percentile.
A random urine sample was collected and a venous blood

sample was simultaneously drawn. Samples were centrifuged,
and the resulting sera and sediment-free urine specimens were
aliquoted and stored at �80°C until assayed. All samples were
collected before delivery. Clinical and delivery outcomes were
recorded, and in those patients with GH, another random urine
sample was collected at time of delivery to classify the patients
with HDP. None of the women studied had preexisting
hypertension or diabetes mellitus, renal diseases, connective
tissue disorders, or other high-risk obstetric condition.
Serum levels of sFlt-1, PlGF, and sEng were determined in

duplicate by ELISA (R&D Systems, Minneapolis, MN) following
the manufacturer’s instructions. The sFlt-1/PGF ratio was
calculated from the corresponding sFlt-1 and PlGF values. The
intra- and inter-assay coefficients of variations were 5.7% and
2

6.2%, respectively. Urinary protein and creatinine were
measured as previously described.[16]

2.1. Statistical analysis

Differences between continuous variables were determined by the
unpaired Student t test (or the Mann–Whitney U test for non-
normally distributed variables). Differences between categorical
variables were determined by the Chi-squared test with Yates
continuity correction or the Fisher exact test for small samples (or
the Mantel–Haenszel x2 test with linear tendency for variables
with >2 categories). Differences among ≥3 continuous variables
were determined by 1-way analysis of variance (ANOVA)
followed by post hoc procedures (Scheffe test) or by the
Kruskal–Wallis 1-way test followed by the Mann–Whitney U
test for non-normally distributed variables. Multiple logistical
regression models were additionally used to adjust the relation-
ship among levels of angiogenic factors and the adverse maternal
and perinatal outcomes studied. A 2-tailed P<0.05 was
considered statistically significant.

3. Results

3.1. General description of the population studied

A total of 689 consecutive women with HDPwere included in the
study. Patients were classified into 5 groups according to clinical
severity and delivery outcomes (Fig. 1): Group I, patients with
mGH (n=83); Group II, sGH (n=105); Group III, mPE (n=
122); Group IV, sPE, but without HELLP syndrome or eclampsia
(n=261); and Group V, sPE with HELLP syndrome and/or
eclampsia (n=118 [89 patients with HELLP syndrome, 17
patients with eclampsia, and 12womenwith both conditions]). In
addition, 75 healthy pregnant women who remained normoten-
sive throughout their pregnancies, and who delivered a healthy
term infant (≥38 weeks), from whom serum samples were
collected 3 times at 28, 32, and 36 weeks of gestation were
included as control group. The demographic, clinical, and
obstetric characteristics of the patients are shown in Table 1.
There were no significant differences among study groups in
terms of maternal age, gravidity, nulliparity, prior miscarriage,
history of PE, or rate of smoking during pregnancy. Patients with
GH or mPE were more likely to have higher body mass index
measurements compared with women with sPE (groups IV and
V). Compared with mGH and mPE women, patients with sGH
and sPE (groups IV and V) had higher blood pressures (both
systolic and diastolic), lower gestational age (both at enrollment
and at delivery) as well as lower time elapsed between enrollment
and delivery, delivered infants with lower birth weights, and had
a greater proportion of preterm delivery (both at <37 and 34
weeks of gestation) and SGA infants. The groups IV and V had a
greater proportion of stillbirths or early neonatal death compared
with patients with mGH, sGH, and mPE.
Sixty-three patients had≥1 adverse maternal outcomes, and all

were in groups II, IV, and V. The occurrence of the combined
adverse maternal outcomes and the various individual adverse
outcomes, including placental abruption, hepatic hematoma, or
rupture, acute renal failure, need for inotropic drug support, as
well as endotracheal intubation, and maternal death were
significantly higher in groups IV and V than in the other studied
groups. Overall, patients who had sGH had more adverse
perinatal outcomes than patients who had mGH or mPE, but
lower than patients who had sPE (groups IV and V). By contrast,
there were no statistically significant differences in perinatal



689 Women with Hypertensive Disorders 
of Pregnancy were enrolled 

Significant proteinuria Yes No 

Blood pressure (systolic ≥160 mmHg or 
diastolic ≥110 mmHg) 

Blood pressure (systolic ≥160 mmHg or 
diastolic ≥110 mmHg) and /or severe features 

No Yes No Yes 

HELLP syndrome and/or eclampsia 

Yes No 

Mild Gestational 
Hypertension 

(n=83) 

Severe Gestational 
Hypertension 

(n=105) 

Mild Preeclampsia 
(n=122) 

Severe Preeclampsia 
(n=261) 

Severe Preeclampsia with 
HELLP syndrome and/or 

eclampsia 
(n=118) 

Figure 1. Flow chart showing patient selection for hypertensive disorders of pregnancy.

Table 1

Clinical and demographic characteristics of pregnant women with hypertensive disorders of pregnancy.

Variables Mild
gestational
hypertension

(n=83)

Severe
gestational
hypertension
(n=105)

Mild
preeclampsia
(n=122)

Severe
preeclampsia
(n=261)

HELLP
syndrome and/or

Eclampsia
(n=118) P

Age, y, mean ± SD 28.9±6.4 29.1±5.8 28.4±5.3 29.4±5.9 29.1±6.8
Gravidity, median (IQR) 2 (1–2) 2 (1–2) 1 (1–2) 2 (1–3) 2 (1–3)
Nulliparous, n (%) 38 (45.8) 42 (40.0) 64 (52.5) 110 (42.1) 44 (37.3)
Miscarriage, median (IQR) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–1)
Previous preeclampsia, n (%) 11 (13.3) 26 (24.8) 20 (16.4) 44 (16.9) 16 (13.6)
Body mass index, mean ± SD 27.6±4.8 28.3±4.9 27.3±5.8 26.4±4.7† 25.1±3.6

∗,†,‡ <0.001
Smoked during pregnancy, n (%) 15 (18.1) 16 (15.2) 20 (16.4) 41 (15.8) 16 (13.6)
Gestational age at enrollment, wk, mean±SD 36.3±2.2 32.7±3.5

∗
36.1±1.8† 32.0±4.2

∗,‡ 32.2±5.2
∗,‡ <0.001

Gestational age at delivery, wk, mean±SD 37.6±1.2 32.9±3.5
∗

37.1±1.5† 32.2±4.3
∗,‡ 32.3±5.3

∗,‡ <0.001
Time from enrollment to delivery, d, median (IQR) 7 (2–9) 0 (0–2)

∗
6 (0–7)† 0 (0–0)

∗,†,‡ 0 (0–0)
∗,†,‡ <0.001

Infant’s birth weight, g, mean±SD 2896±465 1830±644
∗

2774±388† 1514±694
∗,†,‡ 1622±838

∗,‡ <0.001
Delivery at <37 wk, n (%) 17 (20.5) 92 (87.6)

∗
42 (34.4)

∗,† 230 (88.1)
∗,‡ 96 (81.4)

∗,‡ <0.001
Delivery at <34 wk, n (%) 0 (0) 54 (51.4)

∗
0 (0)† 151 (57.9)

∗,‡ 61 (51.7)
∗,‡ <0.001

Cesarean delivery, n (%) 62 (74.7) 105 (100)
∗

102 (83.6)† 246 (94.3)
∗,†,‡ 111 (94.1)

∗,†,‡ <0.001
Small for gestational age infant, n (%) 0 (0) 38 (36.2)

∗
0 (0)† 152 (58.2)

∗,†,‡ 67 (56.8)
∗,†,‡ <0.001

Placental abruption, n (%) 0 (0) 4 (3.8) 0 (0)† 11 (4.2)‡ 15 (12.7)
∗,†,‡,x <0.001

Liver ruptured or hematoma, n (%) 0 (0) 0 (0) 0 (0) 0 (0) 8 (6.8)
∗,†,‡,x <0.001

Acute renal failure, n (%) 0 (0) 0 (0) 0 (0) 13 (5.0)
∗,†,‡ 15 (12.7)

∗,†,‡,x <0.001
Hemodialysis, n (%) 0 (0) 0 (0) 0 (0) 1 (0.3) 4 (3.4)x 0.006
Pulmonary edema, n (%) 0 (0) 0 (0) 0 (0) 3 (1.1) 5 (4.2)‡ 0.01
Intubation required, n (%) 0 (0) 0 (0) 0 (0) 4 (1.5) 11 (9.3)

∗,†,‡,x <0.001
Inotropics, n (%) 0 (0) 0 (0) 0 (0) 4 (1.5) 11 (9.3)

∗,†,‡,x <0.001
Maternal death, n (%) 0 (0) 0 (0) 0 (0) 2 (0.8) 5 (4.2)‡,x 0.004
Adverse maternal outcomes, n (%) 0 (0) 4 (3.8) 0 (0)† 25 (9.6)

∗,‡ 34 (28.8)
∗,†,‡,x <0.001

Stillbirths or neonatal deaths, n (%) 0 (0) 2 (1.9) 0 (0) 34 (13.0)
∗,†,‡ 21 (17.8)

∗,†,‡ <0.001
Systolic blood pressure, mm Hg, mean±SD 141±7 162±9

∗
144±7† 164±17

∗,‡ 167±22
∗,‡ <0.001

Diastolic blood pressure, mm Hg, mean±SD 95±5 108±7
∗

97±5† 109±10
∗,‡ 109±13

∗,‡ <0.001

HELLP = hemolysis, elevated liver enzymes, low platelet count, IQR = interquartile range, SD = standard deviation.
P value is given only for significant differences: P<0.05 ∗vs. patients with mild gestational hypertension, †vs. patients with severe gestational hypertension, ‡vs. patients with mild preeclampsia, and xvs. patients
with severe preeclampsia after application of appropriate statistical tests.
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Table 2

Clinical laboratory results of pregnant women with hypertensive disorders of pregnancy.

Variables

Mild
gestational
hypertension

(n=83)

Severe
gestational
hypertension
(n=105)

Mild
preeclampsia
(n=122)

Severe
preeclampsia
(n=261)

HELLP
syndrome and/or

eclampsia
(n=118) P

Urinary protein:creatinine ratio, mg/mg,
median (IQR)

0.17 (0.12–0.23) 0.24 (0.16–0.27) 0.91 (0.56–1.64)
∗,† 2.74 (0.91–4.98)

∗,†,‡ 2.56 (0.98–6.08)
∗,†,‡ <0.001

Platelets, cells/mL � 103, mean±SD 201,226±50,182 202,692±46,875 195,525±44,734 189,630±56,203 84,107±48,347
∗,†,‡,x <0.001

AST, U/L, median (IQR) 29 (24–36) 20 (14–35) 25 (19–38) 26 (18–36) 179 (100–326)
∗,†,‡,x <0.001

ALT, U/L, median (IQR) 17 (12–27) 20 (13–29) 17 (12–22) 25 (18–35) 182 (99–286)
∗,†,‡,x <0.001

LDH, U/L, median (IQR) 233 (145–335) 306 (218–441) 242 (178–320) 251 (174–404) 783 (487–1285)
∗,†,‡,x <0.001

Serum creatinine, mmol/L, mean±SD 62±11 64±10 68±12 75±34
∗,† 80±27

∗,†,‡ <0.001
Uric acid, mg/dL, mean±SD 5.6±1.5 5.9±1.5 5.9±1.5 6.2±1.4

∗
6.7±1.9

∗,†,‡ <0.001
PlGF, pg/mL, median (IQR) 119±54 84±43

∗
104±32† 68±43

∗,†,‡ 65±49
∗,†,‡ <0.001

sFlt-1, pg/mL, mean±SD 13,779±4007 21,823±11,999
∗

15,803±4971† 29,278±12,484
∗,†,‡ 33,550±13,399

∗,†,‡ <0.001
sFlt-1/PlGF ratio, mean±SD 132±54 328±210

∗
165±67† 610±378

∗,†,‡ 764±415
∗,†,‡,x <0.001

sEng, ng/mL, mean±SD 17.9±4.4 26.0±7.5
∗

20.5±3.7† 32.6±9.9
∗,†,‡ 37.6±11.9

∗,†,‡,x <0.001

ALT = alanine amino transferase, AST = aspartate amino transferase, HELLP = hemolysis, elevated liver enzymes, low platelet count, IQR = interquartile range, LDH = lactate dehydrogenase, PlGF = placental
growth factor, SD = standard deviation, sEng = soluble endoglin, sFlt-1 = soluble fms-like tyrosine kinase-1.
P value is given only for significant differences: P< 0.05

∗
vs. patients with mild gestational hypertension, †vs. patients with severe gestational hypertension, ‡vs. patients with mild preeclampsia, and xvs. patients

with severe preeclampsia after application of appropriate statistical tests.
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outcomes between patients with mGH and mPE, except for
preterm delivery at <37 weeks.
Among the 54 patients with sGH who delivered at <34 weeks

of gestation, 51 (94.4%) of deliveries were indicated by severe
hypertension and the remaining cases by fetal distress.
Clinical laboratory results are shown in Table 2. The final

clinical diagnosis was supported by determining the protein to
creatinine ratio in random urine samples (16). All womenwith PE
(groups III–V) had significant proteinuria and had also greater
degrees of proteinuria compared with mGH or sGH. In addition,
proteins to creatinine ratios were significantly higher in sPE
(groups IV and V) than in mPE. Compared with other groups,
patients with sPE with HELLP syndrome and/or eclampsia had
higher serum levels of liver enzymes and lactate dehydrogenase,
as well as lower platelet counts. In addition, patients with sPE
with HELLP syndrome and/or eclampsia had higher serum
creatinine and uric acid levels, compared with mGH, sGH, or
mPE. Serum creatinine levels were significantly higher in patients
with sPE (group IV) than inmGHand sGH. Serumuric acid levels
were significantly higher in patients with sPE (group IV) than in
patients with mGH.
3.2. Relationship between circulating levels of angiogenic
factors with severity of HDP

Serum concentrations of angiogenic factors are shown in
Table 2 and Fig. 2. Compared with healthy pregnant, patients
with HDP had lower serum PlGF levels and higher sFlt-1 and
sEng levels, as well as sFlt-1/PlGF ratios (P�0.01) (Fig. 2).
Serum PlGF levels were significantly lower and sFlt-1 levels
significantly higher in groups IV and V than in groups I, II, and
III (P<0.001) and in group II than in groups I and III. Serum
concentrations of sEng and sFlt-1/PlGF ratios were significantly
higher in group V than in groups I, II, III, and IV (P<0.001); in
group IV than in groups I, II, and III (P<0.001); and in group II
than in groups I and III. Although serum levels of PlGF tended
to be lower and sFlt-1, sEng, and sFlt-1/PlGF ratios to be higher
in patients in groups III than in group I, the differences were not
statistically significant.
4

3.3. Relationship between circulating levels of angiogenic
factors with adverse outcomes in sGH and sPE

Logistical regression analyses were used to determine whether
serum angiogenic factors’ concentrations are associated with
adverse outcomes in patients with sGH or sPE (groups IV and V)
(Table 3). In sGHpatients who delivered at<34weeks’ gestation,
serum PlGF concentrations were significantly lower, and sFlt-1
concentrations and sFlt-1/PlGF ratios were significantly higher
than in those who delivered after 34 weeks (P � 0.008), whereas
serum sEng levels were not significantly different between sGH
patients who delivered before or after 34 weeks’ gestation. In
addition, in sGH patients with an SGA infant, serum PlGF
concentrations were significantly lower, and sEng concentrations
and sFlt-1/PlGF ratios were significantly higher than in those
without an SGA infant (P � 0.01), whereas serum sFlt-1 levels
were not significantly different between sGH patients with or
without an SGA infant.
In patients in groups IV and V who delivered at <34 weeks’

gestation, serum PlGF concentrations were significantly lower,
and sEng concentrations and sFlt-1/PlGF ratios were significantly
higher than in those who delivered after 34 weeks (P � 0.015),
whereas serum sFlt-1 levels were not significantly different
between patients in groups IV andVwho delivered before or after
34 weeks’ gestation. In patients in groups IV and V with an SGA
infant, serum PlGF concentrations were significantly lower, and
sFlt-1/PlGF ratios were significantly higher than in those without
an SGA infant (P<0.001), whereas sFlt-1 and sEng concen-
trations were not significantly different between patients in
groups IV and V with or without an SGA infant. In addition,
serum sFlt-1/PlGF ratios were significantly higher in patients in
groups IV and V who developed any adverse maternal outcome
or the occurrence of stillbirths or neonatal deaths than in those
who did not (P � 0.03), whereas serum PlGF, sFlt-1, and sEng
levels were not significantly different.

4. Discussion

The present study, involving a large number of women with HDP
with a wide spectrum of disease severity and using detailed
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diagnostic criteria to define significant proteinuria, GH, and PE,
demonstrates that alterations in circulating angiogenic factors are
not only associated with the severity of PE, but they are also
associated with the severity of GH. In our study, we found that
serum PlGF, sFlt-1, sEng, and sFlt-1/PlGF ratio levels in patients
who had GH and PE are significantly different compared with
healthy pregnant women, as previously demonstrated in other
studies.[8,10,12–15] Furthermore, we were able to find that
differences in circulating angiogenic factors were more pro-
nounced as the severity of both GH and PE increased, suggesting
that changes in serum angiogenic factors concentration effective-
ly reflect the extent and intensity of damage to the systemic
vascular endothelium that lead to severe hypertension. Also of
interest was the finding that patients with mPE exhibited patterns
of circulating angiogenic factors similar to those patients with
mGH. In addition, the changes in serum angiogenic factors
concentrations in patients with sGH were higher than in patients
with mGH or mPE, but lower when compared with patients with
sPE.We thus have confirmed and extended previous observations
as to the relationship between alterations in circulating
angiogenic factors with PE severity.[11] Several previous studies
have reported that changes in circulating angiogenic factors in
women with GH were lesser than in those with PE.[8,10,12–14]

However, and in contrast to the data presented herein, neither of
these studies differentiatedmild from sGHor sPE. In this vein and
to our knowledge, the present report represents the first that has
examined and compared the circulating angiogenic factors’
concentrations in patients with GH and PE according to 2
categories, “mild” and “severe.”
Although the relationship between GH and PE remains ill

defined, it is well known that GH and PE shared many clinical
risk factors[17] as well as an imbalance in circulating angiogenic
5

factors (present study) and the fact that between 15%
and 46% of women with GH progressed to PE,[18–20] suggesting
that GH and PE may be a continuous process with the same
pathophysiology rather than a separate abnormal condition, even
the GH has been considered as a subclinical PE.[14] In this regard,
it is worth mentioning that in all patients with GH in our study
the clinical and laboratory findings associated with severe
features of PE were absent, and the fact that the presence of
significant proteinuria was ruled out, as evaluated by the protein:
creatinine ratio at the time of delivery, we might argue that none
of them progressed to PE.
In addition, as the changes in circulating angiogenic factors in

mGH patients were almost similar to those patients with mPE,
and as the changes in the concentration values of these particular
angiogenic factors in patients with sGH and sPE were markedly
different than in patients with mGH andmPE, suggesting that the
degree of the imbalance of circulating angiogenic factors may be
associated with the degree of elevation of blood pressure, but not
with the levels of proteinuria.We speculate that other factors may
be necessary to induce proteinuria.
The frequency of adverse maternal and neonatal outcomes was

higher in patients with sPE (with or without HELLP syndrome or
eclampsia) than in those with mGH, sGH, or mPE. Moreover,
patients with sGH had higher rate of adverse neonatal outcomes
when compared with patients who had mGH or mPE. These
findings support and extended previous observations,[3,4]

indicating that patients with hypertensive disorder of pregnancy
who developed severe hypertension had significantly higher rates
of neonatal and maternal complications as compared with
patients who had mGH or mPE. In this vein, a previous study has
demonstrated that severe hypertension, but no proteinuria was
significantly associated with adverse outcomes.[4] Although it has
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Table 3

Perinatal and maternal outcomes according to serum concentrations of angiogenic factors in patients with severe gestational
hypertension and severe preeclampsia.

Severe gestational hypertension

Delivery at <34 wk of gestation

Present (n=54) Absent (n=51) Single variable, P Multivariable, P

PlGF, pg/mL, mean±SD 67.5±35.2 100.7±44.7 <0.001 <0.001
∗

sFlt-1, pg/mL, mean±SD 24,921±13,694 18,543±8909 0.006 0.008
∗

sFlt-1/PlGF ratio, mean±SD 428±212 223±148 <0.001 <0.001
∗

sEng, ng/mL, mean±SD 27.4±8.0 24.6±6.6 0.05 0.082
∗

Small for gestational age infant

Present (n=38) Absent (n=67)

PlGF, pg/mL, mean±SD 74.4±48.9 88.9±39.0 0.12 0.01†

sFlt-1, pg/mL, mean±SD 21,837±11,496 21,815±12,361 1.0 0.53†

sFlt-1/PlGF ratio, median (IQR) 439 (200–560) 234 (147–397) 0.014 <0.001†

sEng, ng/mL, mean±SD 27.7±7.3 25.0±7.4 0.07 0.005†

Severe preeclampsia

Delivery at <34 weeks of gestation

Present (n=212) Absent (n=167)

PlGF, pg/mL, median (IQR) 45.0 (28.0–70.9) 70.5 (44.2–112.5) <0.001 <0.001
∗

sFlt-1, pg/mL, mean±SD 30,151±11,953 31,155±14,025 0.45 0.41
∗

sFlt-1/PlGF ratio, mean±SD 754±391 537±368 <0.001 <0.001
∗

sEng, ng/mL, mean±SD 35.4±10.4 32.6±11.0 0.011 0.015
∗

Small for gestational age infant

Present (n=219) Absent (n=163)

PlGF, pg/mL, mean±SD 63.1±44.5 71.6±45.2 0.07 <0.001†

sFlt-1, pg/mL, mean±SD 31,200±13,310 29,789±12,342 0.29 0.63†

sFlt-1/PlGF ratio, mean±SD 700±396 600±389 0.014 <0.001†

sEng, ng/mL, mean±SD 34.6±10.4 33.6±11.3 0.38 0.15†

Adverse maternal outcomes

Present (n=59) Absent (n=323)

PlGF, pg/mL, median (IQR) 41.7 (27.5–89.9) 56.5 (33.4–87.3) 0.06 0.80†

sFlt-1, pg/mL, mean±SD 32,769±15,791 30,201±12,297 0.16 0.13†

sFlt-1/PlGF ratio, mean±SD 792±420 633±387 0.004 0.016†

sEng, ng/mL, mean±SD 35.9±11.6 33.8±10.6 0.18 0.29†

Stillbirths or neonatal deaths

Present (n=55) Absent (n=327)

PlGF, pg/mL, median (IQR) 24.7 (17.6–37.4) 60.5 (35.8–96.1) <0.001 0.07†

sFlt-1, pg/mL, median (IQR) 23,657 (18,496–28,469) 29,955 (22,661–37,007) 0.001 0.41†

sFlt-1/PlGF ratio, mean±SD 972±380 605±373 <0.001 0.03†

sEng, ng/mL, mean±SD 35.1±11.0 34.0±10.7 0.51 0.62†

IQR = interquartile range, PlGF = placental growth factor, SD = standard deviation, sEng = soluble endoglina, sFlt-1 = soluble fms-like tyrosine kinase-1.
∗
P value after controlling for maternal age, body index mass, and smoking status.

† P value after controlling for maternal age, body index mass, smoking status, and gestational age at enrollment.
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been reported that women with sGH had outcomes similar to
those with sPE[3,4]; in our study, we found that adverse maternal
and neonatal outcomes in patients with sGH were lower to
compared those with sPE. This discrepancy may stem from
differences in the gestational age at diagnosis of disease, the
severity of PE, and/or the limited sample size, leading to a low
power of study results.
In patients with sGH and sPE who delivered at <34 weeks’

gestation or who had an SGA infant, serum PlGF concentrations
were significantly lower than those who delivered after 34 weeks
or without an SGA infant. These data are similar to those yielded
by a previous studies in patients with PE[7,14] and GH.[14]

However, and in contrast to the data presented herein, neither of
these studies differentiated mild from sPE or sGH.
6

In patients with sGH and sPE, we also showed that the sFlt-1/
PlGF ratio was more tightly associated with the occurrence of
adverse maternal and neonatal outcomes than any of individual
factors. These data are consistent with previous studies
demonstrating that measurement of this ratio is a better predictor
of PE and adverse outcomes of pregnancy than either measure
alone.[8–11] Because of the relatively small sample size, we were
unable to examine in detail the various adverse outcomes either
combined or individually.
In conclusion, our results demonstrate that circulating

concentrations of PlGF, sFlt-1, sFlt-1/PlGF ratio, and sEng are
closely associated with the severity of both GH and PE. Adverse
perinatal outcomes, specifically to have preterm delivery at <34
weeks’ gestation or having an SGA infant are significantly higher



placental growth factor measured by automated electrochemilumines-
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in patients with sGH when compared with those with mGH or
mPE, but lower to those with sPE. In particular, measurement of
the sFlt-1/PlGF ratio has potential relevance as a prognostic
biomarker for adverse perinatal and maternal outcomes in
patients with GH similar to those patients with PE. Further
prospective longitudinal studies are still needed to assess the
potential role of the angiogenic factors in the diagnostic and
management of HDP.

References

[1] National High Blood Pressure Education ProgramWorking group report
on high blood pressure in pregnancy. Am J Obstet Gynecol 2000;183:
S1–22.

[2] American College of Obstetricians, Gynecologists, Task Force on
Hypertension in PregnancyHypertension in pregnancy. Obstet Gynecol
2013;122:1122–31.

[3] Hauth JC, Ewell MG, Levine RJ, et al. Pregnancy outcomes in healthy
nulliparas who developed hypertension. Obstet Gynecol 2000;95:24–8.

[4] Buchbinder A, Sibai BM, Caritis S, et al. Adverse perinatal outcomes are
significantly higher in severe gestational hypertension than in mild
preeclampsia. Am J Obstet Gynecol 2002;186:66–71.

[5] Maynard SE, Min JY, Merchan J, et al. Excess placental soluble fms-like
tyrosine kinase 1 (sFlt1) may contribute to endothelial dysfunction,
hypertension, and proteinuria in preeclampsia. J Clin Invest 2003;111:
649–58.

[6] Venkatesha S, Toporsian M, Lam C, et al. Soluble endoglin contributes
to the pathogenesis of preeclampsia. Nat Med 2006;12:642–9.

[7] Levine RJ,Maynard SE, Qian C, et al. Circulating angiogenic factors and
the risk of preeclampsia. N Engl J Med 2004;350:672–83.

[8] Levine RJ, Lam C, Qian C, et al. Soluble endoglina and other circulating
antiangiogenic factors in preeclampsia. N Engl J Med 2006;355:
992–1005.

[9] Leaños-Miranda A, Campos-Galicia I, Isordia-Salas I, et al. Changes in
circulating concentrations of soluble fms-like tyrosine kinase-1 and
7

cence immunoassays methods are predictors of preeclampsia. J Hyper-
tens 2012;30:2173–81.

[10] Rana S, Powe CE, Salahuddin S, et al. Angiogenic factors and the risk of
adverse outcomes in women with suspected preeclampsia. Circulation
2012;125:911–9.

[11] Leaños-Miranda A, Campos-Galicia I, Ramírez-Valenzuela KL, et al.
Circulating angiogenic factors and urinary prolactin as predictors of
adverse outcomes in women with preeclampsia. Hypertension 2013;61:
1118–25.

[12] Salahuddin S, Lee T, Vadnais M, et al. Diagnostic utility of soluble fms-
like tyrosine kinase 1 and soluble endoglin in hypertensive diseases of
pregnancy. Am J Obstet Gynecol 2007;197:28.e1–6.

[13] Yelumalai S, Muniandy S, Zawiah Omar S, et al. Pregnancy-induced
hypertension and preeclampsia: levels of angiogenic factors in Malaysian
women. J Clin Biochem Nutr 2010;47:191–7.

[14] Hirashima C, Ohkuchi A, Takahashi K, et al. Gestational hypertension
as a subclinical preeclampsia in view of serum levels of angiogenesis-
related factors. Hypertens Res 2011;34:212–7.

[15] Verlohren S, Herraiz I, Lapaire O, et al. The sFlt-1/PlGF ratio in different
types of hypertensive pregnancy disorders and its prognostic potential in
preeclamptic patients. Am J Obstet Gynecol 2012;206:58.e1–8.

[16] Leaños-Miranda A, Márquez-Acosta J, Romero-Arauz F, et al. Protein:
creatinine ratio in random urine samples is a reliable marker of increased
24-hour protein excretion in hospitalized women with hypertensive
disorders of pregnancy. Clin Chem 2007;53:1623–8.

[17] Villar J, Carroli G, Wojdyla D, et al. Preeclampsia, gestational
hypertension and intrauterine growth restriction, related or independent
conditions? Am J Obstet Gynecol 2006;194:921–31.

[18] Saudan P, Brown MA, Buddle ML, et al. Does gestational hypertension
become preeclampsia? BJOG 1988;105:1177–84.

[19] Barton JR, O0Brien JM, Bergauer NK, et al. Mild gestational
hypertension remote from term: progression and outcome. Am J Obstet
Gynecol 2001;184:979–83.

[20] Romero-Arauz JF, Ortiz-Díaz CB, Leaños-Miranda A, et al. Progression
of gestational hypertension to preeclampsia. Ginecol Obstet Mex
2014;82:229–35.

http://www.md-journal.com

	Circulating angiogenic factors are related to the severity of gestational hypertension and preeclampsia, and their adverse outcomes
	1 Introduction
	2 Patients and methods
	2.1 Statistical analysis

	3 Results
	3.1 General description of the population studied
	3.2 Relationship between circulating levels of angiogenic factors with severity of HDP
	3.3 Relationship between circulating levels of angiogenic factors with adverse outcomes in sGH and sPE

	4 Discussion
	References


