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Abstract

Objective

Angiogenic factors are strongly associated with adverse maternal and fetal outcomes

among women with preterm preeclampsia (PE) in developed countries. We evaluated the

role of angiogenic factors and their relationship to adverse outcomes among Haitian women

with PE.

Material and Methods

Wemeasured plasma antiangiogenic soluble fms-like tyrosine kinase 1 (sFlt1) and proan-

giogenic placental growth factor (PlGF) levels in women with PE (n=35) compared to con-

trols with no hypertensive disorders (NHD) (n=43) among subjects with singleton

pregnancies that delivered at Hospital Albert Schweitzer (HAS) in Haiti. We divided the pre-

eclamptic women into two groups, early onset (� 34 weeks) and late onset (>34 weeks)

and examined relationships between sFlt1/PlGF ratios on admission and adverse out-

comes (abruption, respiratory complications, stroke, renal insufficiency, eclampsia, mater-

nal death, birth weight <2500 grams, or fetal/neonatal death) in women with PE subgroups

as compared to NHD groups separated by week of admission. Data are presented as medi-

an (25th-75th centile), n (%), and proportions.
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Results

Among patients with PE, most (24/35) were admitted at term. Adverse outcome rates in PE

were much higher among the early onset group compared to the late onset group (100.0%

vs. 54.2%, P=0.007). Plasma angiogenic factors were dramatically altered in both subtypes

of PE. Angiogenic factors also correlated with adverse outcomes in both subtypes of PE.

The median sFlt1/PlGF ratios for subjects with early onset PE with any adverse outcome

vs. NHD <=34 weeks with no adverse outcome were 703.1 (146.6, 1614.9) and 9.6 (3.5,

58.6); P<0.001). Among late onset group the median sFlt1/PlGF ratio for women with any

adverse outcome was 130.7 (56.1, 242.6) versus 22.4 (10.2, 58.7; P=0.005) in NHD >34

weeks with no adverse outcome.

Conclusion

PE-related adverse outcomes are common in women in Haiti and are associated with pro-

found angiogenic imbalance regardless of gestational age at presentation.

Introduction
Preeclampsia (PE) is a common hypertensive complication of pregnancy and is a leading cause
of maternal and fetal morbidity and mortality, especially in developing countries [1]. Pre-
eclampsia is often insidious in its onset and can affect many organ systems, including kidney,
liver, heart and brain [2]. Thus, if not diagnosed early and treated promptly, serious complica-
tions including death can follow. Routine prenatal care including blood pressure (BP) and
urine dipstick evaluations as practiced in developed nations has resulted in early detection of
PE, often followed by timely delivery and avoiding the most serious outcomes [2]. In fact, in
developed nations PE is the leading cause of iatrogenic prematurity, in a sense shifting the bur-
den of disease to the neonate [3]. On the other hand, the depiction of PE and its outcomes dif-
fers between developed and developing nations. While in developed nations the majority of
PE-related adverse outcomes occur among in the early onset group (gestational ages, GA,<34
weeks) the overall prevalence of early onset preeclampsia is very low. However, in developing
nations, likely due to the failure of early detection of the disorder, the majority of patients pres-
ent at term and with high rates of adverse outcomes [4, 5].

There is considerable evidence that PE phenotypes are related to abnormal circulating an-
giogenic factors, specifically an elevation of anti-angiogenic factors (Soluble fms like tyrosine
kinase- sFlt1) and a decrease in pro-angiogenic factors (Placental growth factor PlGF) [6–12].
In a recent study examining the prediction of PE related adverse outcomes, we have shown
that these factors can predict adverse outcomes when measured within 2 weeks of the event;
however our data was only significant for GA at presentation of<34 weeks [13]. Others have
reported similar findings [10, 14, 15]. This could have two explanations; there could be differ-
ent subtypes of PE related adverse outcomes—one that occurs preterm and is associated with
angiogenic imbalance and another that occurs only at term and is unrelated to angiogenic fac-
tor abnormalities [12]. Or it may be that because of nearly universal prenatal care in developed
countries and constant surveillance for hypertension, PE gets diagnosed earlier in pregnancy
and only patients with mild disease are permitted to progress to term, the natural history of the
disease therefore modified by the intervention along the way.
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The present study was designed in rural Haiti where data from our recent retrospective
study at the same hospital, showed that the prevalence of PE and its related adverse outcomes
is high [16]. We measured pre-delivery angiogenic factors and recorded PE related adverse out-
comes, hypothesizing that the majority of adverse outcomes related to PE would be associated
with angiogenic imbalance, regardless of GA.

Material and Methods
This study was approved by the Beth Israel Deaconess Medical Center institutional review
board (IRB) and by the Hospital Albert Schweitzer board of directors. Because discarded blood
samples were used for analysis, informed patient consent was not required for this study. Insti-
tutional review board waived the need for written informed consent from the participants for
both the use of discarded blood samples and review of medical records.

Study Design
This study was conducted at Hospital Albert Schweitzer (HAS), located in Deschapelles, Haiti,
about 90 miles north of Port-au-Prince, which performs 800–900 deliveries a year. The study
was conducted from September 2013 to March 2014 and discarded blood samples collected as
part of routine clinical care were used for analysis. For this study, singleton pregnancies with a
diagnosis of antepartum PE or antepartum eclampsia were included, if they had both an ante-
partum blood sample and a recorded GA at admission. Patients with normal BP’s who deliv-
ered during the same time period (and had an available blood sample) were included as
controls (No Hypertensive Disorder- NHD). All patients undergoing scheduled cesarean deliv-
ery and many patients admitted for uncomplicated labor as well as non-hypertensive pregnan-
cy complications (such as preterm labor) generally had a blood sample drawn on admission.
Patients with twins, postpartum PE, postpartum eclampsia, gestational hypertension, chronic
hypertension and superimposed PE were excluded. Patients were divided into early onset PE
(admitted at�34 weeks) and late onset PE (>34 weeks). Pre-delivery plasma samples from the
same day as delivery were stored in -20°C for 3 months and then shipped to Boston, MA on
dry ice for measurement of plasma angiogenic factors. We reviewed medical records to record
past medical and gynecological history, social history, prenatal follow up, vital signs, laboratory
values, GA, mode of delivery, birth weight, clinical diagnosis and maternal and neonatal com-
plications and entered into a RedCap database [17] for further analysis. Few patients had docu-
mented records of prenatal care available for review. The patient data and samples were de-
identified prior to analysis.

Diagnosis of PE
PE was defined as new onset hypertension (HTN, Blood Pressure� 140/90mmHg) and pro-
teinuria (urine dipstick of� 1+) after 20 weeks of gestation. In the absence of proteinuria, PE
was also defined by severe HTN (�160/110) and laboratory abnormalities consistent with he-
molysis, low platelets and elevated liver enzymes (HELLP syndrome) or symptoms (i.e. head-
ache, visual changes, right upper quadrant pain). Antepartum eclampsia was diagnosed in
patients with antepartum PE who developed seizures. Renal insufficiency was defined as
creatinine� 1.1 mg/dL. The clinical diagnoses of PE were confirmed by study staff.

PE related adverse outcomes
We recorded preeclampsia related adverse maternal and neonatal outcomes that included pla-
cental abruption, maternal respiratory complications (such as pulmonary edema, oxygen
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desaturation and symptoms such as tachypnea), stroke, renal insufficiency, eclampsia, mater-
nal death, birth weight<2500 grams, fetal or neonatal death. All outcomes were ascertained
only in presence of HTN (SBP> = 140 or DBP> = 90). For this study, the adverse outcomes
were grouped into 4 categories as:

1. Category I: Severe hypertension, defined as BP�160/110

2. Category II: Abruption, respiratory complications, stroke, renal failure, birth weight
<2500 grams

3. Category III: Eclampsia

4. Category IV: Maternal, fetal or neonatal death

5. Category Composite: any of the above adverse outcomes (Category I to IV)

Measurement of angiogenic factors
Automated assays for sFlt1 and PlGF were performed with commercially available automated
assays on Elecsys platform (Roche Diagnostics) as previously described [13, 18]. The CVs for
both these assays were<5%. All measurements were done after delivery on all patients and the
treating physicians in Haiti were unaware of the test results of sFlt1 and PlGF values. All de-
identified samples were thawed once for analysis and the technician doing the analysis was
blinded to the patient’s diagnosis.

Statistical analysis
Characteristics at presentation of normotensive women (NHD) by weeks at admission and
women with early onset PE and late onset PE were analyzed using medians (quartile 1, quartile
3) or n (%, percent), as appropriate. Characteristics of each PE group were compared to con-
trols separately using Mann-Whitney U tests or Chi-squared tests. Frequencies of adverse out-
comes categories were compared between early onset and late onset PE groups using Chi-
squared tests. Due to the heavily right skewed distribution of sFlt1/PlGF ratio, the mean and
standard error of natural log transformed (ln) sFlt1/PlGF ratio was used for visualization in fig-
ures. Univariate linear regression models were used to compare ln sFlt1/PlGF between diagno-
sis groups as well as between adverse outcome categories within early and late onset PE
women. Finally, Pearson correlation coefficients were used to measure the degree of linear as-
sociation between ln sFlt1/PlGF ratio, birth weight, highest SBP, highest DBP, and GA at deliv-
ery. All P values were 2 sided, and values of P<0.05 were considered statistically significant. All
statistical analyses were performed with SAS version 9.4.

Results
During the study period, we evaluated 43 patients who delivered with NHD and 35 with PE for
plasma angiogenic factor abnormalities. The majority of patients with PE were admitted after
34 weeks (N = 24). The patients with early onset PE were older then NHD at�34 weeks. These
patients also had higher systolic and diastolic BPs (all P<0.05). History of PE was more com-
mon in patients with preterm PE compared to NHD�34 weeks, although this difference did
not reach statistical significance (P = 0.05). Compared to patients with NHD>34 weeks, pa-
tients with late onset PE had higher systolic and diastolic BPs (P<0.05). These latter patients
had similar GA at admission and delivery as the controls. There were no other differences
among the groups in terms of parity, history of PE or history of chronic HTN. Data on prenatal
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visits were missing in the majority of patients. The clinical characteristics at presentation of pa-
tients are shown in Table 1.

Adverse outcomes were noted among patients presenting with both early onset and late
onset PE. These outcomes were more common in patients with early onset PE, and in fact were
present in 100% of patients with early onset PE. Fig 1A and 1B show the frequency and number
of adverse outcomes in patients with PE.

Angiogenic factors were altered in patients with the diagnosis of early onset (median sFlt1/
PlGF ratio 703.1 (146.6, 1614.9) vs NHD (�34 weeks) 9.6 (3.5, 58.6), P<0.001) and late onset PE
77.0 (18.3, 145.1) vs. NHD (>34 weeks) 22.4 (10.2, 58.7); P = 0.03). Patients with late onset PE
had lower levels of sFlt1/PlGF ratio compared to early onset PE (P<0.001), Table 1 and Fig 2.

Angiogenic factors also correlated with adverse outcomes. In women< = 34 weeks, the me-
dian sFlt1/PlGF values for PE women with any adverse outcome and NHD women with no ad-
verse outcome were 703.1 (146.6, 1614.9) and 9.6 (3.5, 58.6) respectively; P<0.001, (Fig 3A). In
women>34 weeks, the median sFlt1/PlGF values for PE women with any adverse outcome
and NHD women with no adverse outcome were 130.7 (56.1, 242.6) and 22.4 (10.2, 58.7), re-
spectively; P = 0.005, (Fig 3B). When looking at individual categories, the sFlt1/PlGF ratio was
significantly elevated among all categories of adverse outcomes (except severe HTN) among

Table 1. Clinical presentation of patients in Hospital Albert Schweitzer with diagnosis of antepartum preeclampsia and eclampsia and gestational
age.

No HTN Disorder
(�34 weeks)

Early Onset PE
(�34 weeks)

P-value1 No HTN Disorder
(>34 weeks)

Late Onset PE
(>34 weeks)

P-value2

N 8 11 35 24

Age (years) 22 (20, 27) 34 (25, 42) 0.03* 27 (22, 30) 32 (22, 38) 0.09

Parity 0.31 0.14

Nulliparous 4 (50.0) 3 (27.3) 20 (57.1) 9 (37.5)

Parous 4 (50.0) 8 (72.7) 15 (42.9) 15 (62.5)

GA on Admission (weeks) 29.8 (26.1, 33.3) 31.0 (28.0, 32.0) 0.97 38.7 (36.2, 40.6) 38.0 (36.0, 39.4) 0.28

GA at Delivery (weeks) 29.2 (24.0, 33.1) 31.2 (28.9, 32.1) 0.49 39.0 (36.5, 40.9) 38.0 (36.1, 39.6) 0.27

Highest Systolic BP (mmHg) 105 (100, 115) 180 (180, 240) <0.001* 120 (116, 130) 170 (160, 180) <0.001*

Highest Diastolic BP (mmHg) 60 (60, 75) 120 (100, 120) <0.001* 70 (60, 80) 100 (100, 120) <0.001*

Prenatal Care (>1 prior visit) 0.08 0.08

Yes 0 (0.0) 0 (0.0) 8 (22.9) 9 (37.5)

No 2 (25.0) 0 (0.0) 0 (0.0) 2 (8.3)

Missing 6 (75.0) 11 (100.0) 27 (77.1) 13 (54.2)

History of PE or Chronic HTN 0 (0.0) 4 (36.4) 0.05 1 (2.9) 3 (12.5) 0.15

Preterm Delivery <37 Weeks 0.81 0.18

Yes 7 (87.5) 10 (90.9) 9 (25.7) 9 (37.5)

No 0 (0.0) 0 (0.0) 22 (62.9) 15 (62.5)

Missing 1 (12.5) 1 (9.1) 4 (11.4) 0 (0.0)

Birth weight (g) 1100 (830, 1700) 1530 (1300, 1680) 0.24 3118 (2680, 3310) 2980 (2570, 3200) 0.27

sFlt1 (pg/ml) 3391 (2412, 4918) 12895 (8303, 17414) 0.006* 4378 (2618, 5731) 6304 (3127, 10638) 0.03*

PlGF (pg/ml) 324.6 (101.8, 881.4) 18.3 (9.9, 22.5) 0.001* 206.8 (60.9, 395.7) 82.6 (57.1, 215.6) 0.08

sFlt1/PlGF ratio 9.6 (3.5, 58.6) 703.1 (146.6, 1614.9) <0.001* 22.4 (10.2, 58.7) 77.0 (18.3, 145.1) 0.03*

HTN = hypertension, GA = gestational age, BP = blood pressure
1No HTN disorder (�34 weeks) vs. early onset PE (�34 weeks)
2No HTN disorder (>34 weeks) vs. late onset PE (>34 weeks)

*Significant at P<0.05

doi:10.1371/journal.pone.0126815.t001
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patients with both early onset and late onset PE (Fig 3A and 3B, Table 2). There were no pa-
tients without adverse outcomes in early onset PE. Patients with late onset PE with no adverse
outcomes had similar levels to patients with no NHD (P = 0.61) and lower levels than patients
with any adverse outcome (P = 0.05). The sFlt1/PIGF ratio also correlated with birth weight (r
= -0.25, P = 0.04), highest SBP (r = 0.50, P<0.001), highest DBP (r = 0.57, P<0.001), and GA
of delivery (r = -0.30, P = 0.01), Fig 4.

Fig 1. Frequency and number of adverse outcomes among early onset (�34 weeks) and late onset
(>34 weeks) preeclampsia at Hospital Albert Schweitzer in Haiti. (A) Percentage of pregnant patients
with early onset and late onset preeclampsia with adverse outcomes (Category I- Severe hypertension (BP
�160/110), Category II- abruption or respiratory complications or stroke or renal failure or birth weight <2500
grams, Category III- Antepartum Eclampsia, Category IV- Maternal, Fetal and neonatal death, Cat V- any of
the above adverse outcomes (Category I to IV)). All outcomes were ascertained only in presence of HTN
(SBP> = 140 or DBP> = 90). (B) The x-axis shows the number of adverse outcomes and the y-axis shows
each patient among different gestational age groups. Early onset PE = preeclampsia diagnosis at
presentation at�34 weeks, Late onset PE = preeclampsia diagnosis at presentation at >34 weeks.

doi:10.1371/journal.pone.0126815.g001
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Discussion
While PE may have many heterogeneous etiologies, we have hypothesized that adverse mater-
nal and fetal outcomes related to PE are driven by angiogenic imbalance [19]. However while
data supporting this hypothesis exists in early onset PE, limited data exists for late onset PE.
Because, late onset PE has only modest changes in angiogenic factors, it has been argued that
this subtype of PE may be related to a non-angiogenic pathway. In developed countries, PE is
modified by constant surveillance and termination of a premature pregnancy by delivery at the
earliest sign of an imminent adverse outcome. At term, pregnancy is usually terminated when
any sign of possible preeclampsia is noted, whether or not signs of imminent adverse outcomes
exist. Therefore there is limited data for women diagnosed at term where relationships between
angiogenic factor levels and major adverse outcomes were also assessed [20, 21]. The fact that
many preeclamptics in Haiti do not present until later stages of their disease permitted us to
make such an assessment.

Fig 2. Preeclampsia diagnosis and angiogenic factors at Hospital Albert Schweitzer in Haiti.Ratio of soluble fms-like tyrosine kinase 1 (sFlt1) to
placental growth factor (PlGF) at presentation. The distribution of Natural log of sFlt1/PlGF ratio in pregnant women with no hypertensive disorder, early
onset preeclampsia (�34 weeks), and late onset preeclampsia (>34 weeks). Diagnoses were ascertained at the time of presentation. PE = preeclampsia,
HTN = hypertension.

doi:10.1371/journal.pone.0126815.g002
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In this study, performed in a developing nation, we confirmed the angiogenic imbalance in
women with a diagnosis of PE similar to previously published data [7, 12]. We also confirmed,
as previously reported, that the degree of angiogenic imbalance is less profound at term com-
pared to preterm [12, 22], consistent with the hypothesis that patients with preterm PE have
much more severe clinical disease, hence presenting earlier in pregnancy. This is also likely due
to the fact that as term approaches, BP rises in all pregnant women and using a cut off for BP
for diagnosis of PE may be erroneous. To support the notion that PE is driven by high levels of

Fig 3. Adverse outcomes and angiogenic factors among patients with preeclampsia at Hospital Albert
Schweitzer in Haiti. The distribution of natural log transformed sFlt1/PlGF ratios at initial presentation by
adverse outcomes is shown. Category I- Severe hypertension (BP�160/110), Category II- abruption or
respiratory complications or stroke or renal failure or birth weight <2500 grams, Category III- Antepartum
Eclampsia, Category IV- Maternal, Fetal and neonatal death, Cat V- any of the above adverse outcomes
(Category I to IV). All outcomes were ascertained only in presence of HTN (SBP> = 140 or DBP> = 90). (A)
Distribution among early onset preeclampsia (�34 weeks). Control = women with no hypertensive disorder
with no adverse outcome at�34 weeks on admission. (B) Distribution among late onset preeclampsia (>34
weeks). Control = women with no hypertensive disorder with no adverse outcome at >34 weeks on
admission. P value compared to controls.

doi:10.1371/journal.pone.0126815.g003
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sFlt1, we found profound angiogenic factor imbalance (high levels of sFlt1 and low levels of
PlGF) among all women with PE associated adverse outcomes regardless of GA.

In a previous review [19] we suggested that phenotypic preeclampsia, especially with serious
complications, may be contributed by angiogenic factor imbalance, citing evidence such as the
use of sFlt1 to create pathological lesions in experimental animals that resembled those in biop-
sies and autopsies in human preeclampsia [6]. We have also argued that views suggesting other
non-angiogenic forms of preeclampsia might also relate to a frequently incorrect diagnosis, as
hypertension and proteinuria are non-specific symptoms seen in other disorders, or the fact
there is a physiological BP rise towards the end of pregnancy and not all women with hyperten-
sion are at risk for adverse outcomes. Our own data show that whichever view is correct, the as-
sociation of adverse outcomes with angiogenic dysfunction was the form to be identified both
for management and appropriate descriptions of the disease.

Our study has several implications. Firstly, it supports our view that most, if not all, PE relat-
ed adverse outcomes are related to angiogenic imbalance, though further larger studies should
be designed in developing countries to validate our findings. If found to be true, this data may be
extrapolated to studies done in developed nations. This may indicate that patients with a

Table 2. Individual data for angiogenic factors by adverse outcomes of patients with early and late onset preeclampsia.

Diagnosis Predictors Values Controls† No Adverse
Outcomes

Category
Composite

Category I Category II Category III Category IV

Early Onset
PE

sFlt1 (pg/
ml)

N 8 —- 11 —- 9 2 8

Median
(25th-75th
centile)

3391 (2412,
4918)

—- 12895*
(8303, 17414)

—- 12895*
(8303,
17414)

14417*
(12895,
15939)

16616*
(12272,
17972)

PlGF (pg/
ml)

N 8 —- 11 —- 9 2 8

Median
(25th-75th
centile)

324.6
(101.8,
881.4)

—- 18.3* (9.9,
22.5)

—- 13.1* (9.9,
20.2)

14.1* (9.9,
18.3)

15.7* (9.9,
20.8)

sFlt1/PlGF
Ratio

N 8 —- 11 —- 9 2 8

Median
(25th-75th
centile)

9.6 (3.5,
58.6)

—- 703.1*
(146.6,
1614.9)

—- 891.2*
(146.6,
1614.9)

1159.0*
(703.1,
1614.9)

911.8*
(578.4,
1686.9)

Late Onset
PE

sFlt1 (pg/
ml)

N 35 11 13 5 5 4 3

Median
(25th-75th
centile)

4378 (2618,
5731)

4954 (2606,
7536)

8579* (3877,
14393)

3877 (3549,
5286)

14858*
(14393,
15091)

9418* (5520,
12695)

14858*
(14393,
15091)

PlGF (pg/
ml)

N 34 11 13 5 5 4 3

Median
(25th-75th
centile)

206.8 (60.9,
395.7)

106.9 (78.8,
317.4)

62.2* (35.3,
110.3)

110.3 (46.2,
227.8)

35.3* (24.5,
62.2)

69.5 (40.1,
173.7)

24.5* (23.2,
62.2)

sFlt1/PlGF
Ratio

N 34 11 13 5 5 4 3

Median
(25th-75th
centile)

22.4 (10.2,
58.7)

27.4 (8.2,
101.6)

130.7* (56.1,
242.6)

84.0 (15.6,
93.2)

473.1*
(242.6,
606.7)

95.2 (42.8,
377.6)

606.7*
(242.6,
620.9)

†Women with no hypertensive disorder with no adverse outcome

*Significant at P<0.05 compared to NHD (controls)

doi:10.1371/journal.pone.0126815.t002
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diagnosis of PE who have a normal angiogenic profile may not need to be delivered preterm in
an attempt to prevent adverse outcomes. This is especially true in developing countries where
specialized care for premature infants may be hard to find. This will also hold true at term,
where currently all women with hypertension (either gestational and PE) are recommended to
be delivered at 37 weeks without any assessment of risk of adverse outcomes [23]. If future stud-
ies show similar results, it may be that patients with a diagnosis of gestational hypertension or
preeclampsia without angiogenic imbalance may be re-classified or managed differently given
the low risk of adverse outcomes. Angiogenic factor assessment will also be useful among pa-
tients in whom a clear-cut diagnosis of PE with severe features is difficult, such as among pa-
tients with lupus nephritis or chronic hypertension. A stratification and management strategy
based on angiogenic factors based on recently published cutoffs [24] may help reduce the rate of
preterm birth in developed countries by decreasing the number of iatrogenic preterm births in-
dicated due to PE. At the same time, studies need to be done to determine if angiogenic factor
measurement is possible in real time and may be helpful in identifying patients who are at high
risk of adverse outcomes before the onset of severe morbidity. This will be especially useful in re-
source limited countries where routine use of prenatal care and identification of asymptomatic
disease is limited. These patients can then be transferred to a local hospital for safe delivery, anti-
hypertensive treatment and magnesium sulfate for seizure prophylaxis. Data from such settings
have shown a reduction of maternal and fetal mortality by timely delivery [25]. This will help re-
duce the heavy burden of maternal, fetal and neonatal death in these countries.

Our study has several limitations. The data were collected from charts with no effort made to
validate clinical or laboratory parameters at HAS. However this was both a pilot and pragmatic
study and designed to test the association of the sFlt1/PlGF ratio in a real clinical setting. The
availability of both cases and controls was limited by the availability of a discarded blood sample.

Fig 4. Correlation of angiogenic factor ratio with birth weight, highest systolic blood pressure (SBP)
and highest diastolic blood pressure (DBP) and gestational age (GA) at delivery. Pearson correlation
with ln (sFlt1/PIGF Ratio) and birth weight (r = -0.25, P = 0.04), highest SBP (r = 0.50, P<0.001), highest DBP
(r = 0.57, P<0.001), and GA of delivery (r = -0.30, P = 0.01).

doi:10.1371/journal.pone.0126815.g004
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This likely represents some selection bias, however we believe that most patients with pre-
eclampsia, pregnancy complications and healthy patients had at least one blood sample drawn.
We did not record the characteristics of the patients who did not have a blood sample available.
Of further note, the blood samples collected were discarded samples and these were processed
and stored at -20°C for a period of about 3 months. However angiogenic factors are shown to be
stable in plasma or serum when stored in freezer over a prolonged period of time (>10 years)
[7]. The study is also limited by the small sample size and a single center experience.

In conclusion, this study adds evidence that PE-related adverse outcomes are largely medi-
ated by angiogenic imbalance, even in term gestations. Further studies need to be done to vali-
date these findings in other rural settings where rates of adverse outcomes are high. More
importantly, studies need to be done to evaluate the use of angiogenic factors in risk assessment
of women with hypertension in pregnancy for early identification of women at risk for serious
morbidity and at the same time of rule out patients not at risk for these outcomes.
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