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Gestational angiogenic biomarker patterns in high risk
preeclampsia groups
Sharon E. Maynard, MD; Sybil L. Crawford, PhD; Susanne Bathgate, MD; Jing Yan, BA; Laura Robidoux, BA;
Melissa Moore, PhD; Tiffany A. Moore Simas, MD, MPH, MEd

OBJECTIVE: Several conditions are associated with increased pre- RESULTS: Gestational biomarker patterns differed in PE risk groups as

66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
eclampsia (PE) risk. Whether altered maternal angiogenic factor levels
contribute to risk in these conditions is unknown. Our objective was to
compare angiogenic biomarker patterns in high-risk pregnancies and
low-risk controls.

STUDY DESIGN: We conducted a planned secondary analysis of a
2-center observational study of angiogenic biomarkers in high-risk
women. A total of 156 pregnant women with a PE risk factor and 59
low-risk controls were studied. Serial maternal serum samples were
collected during 3 gestational windows: 23-27 weeks, 28-31 weeks, and
32-35 weeks. Soluble fms-like tyrosine kinase 1 (sFlt1), soluble endoglin
(sEng), and placental growth factor (PlGF) were measured by enzyme-
linked immunosorbent assay. Geometric mean angiogenic biomarker
levels and angiogenic ratio (sFlt1 þ sEng):PlGF were compared with
low-risk controls for each risk group, at each gestational window.
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compared with low-risk controls. Women with multiple gestations had
markedly higher sFlt1 and sEng at all gestational windows. Women
with prior PE had higher sFlt1 and angiogenic ratio, and lower PlGF,
from 28 weeks onward. Women with chronic hypertension had
significantly higher angiogenic ratio for all 3 gestational windows, but
differences disappeared when women with PE were excluded. Obese
and nulliparous women had significantly lower PlGF, but no differences
in the angiogenic ratio.

CONCLUSION: High-risk groups have altered angiogenic biomarker
patterns compared with controls, suggesting that altered production or
metabolism of these factors may contribute to PE risk, particularly in
women with multiple gestations and prior PE.

Keywords: angiogenic factors, preeclampsia, PlGF, sEng, sFlt1
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omen with chronic hypertension
86
87
W (cHTN), prepregnancy diabetes
mellitus, obesity, multiple gestations
(MGs), or preeclampsia (PE) in a prior
pregnancy have a substantially increased
riskof PE comparedwithwomenwithout
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such risk factors.1 The mechanisms
by which these conditions increase PE
risk are unknown. Dysregulated placental
production of angiogenic factors, includ-
ing soluble fms-like tyrosine kinase 1
(sFlt1), placental growth factor (PlGF),
and soluble endoglin (sEng), contribute
to endothelial dysfunction in PE by an-
tagonizing endothelial-protective VEGF Q,
PlGF, and TGF-beta in the maternal cir-
culation.2,3 Circulating levels of these
angiogenic factors are alteredweeks before
the onset of PE in low-risk, nulliparous
women.4,5 The angiogenic factor ratio
has shown promise as a composite
indicator of overall balance between
circulating proangiogenic (PlGF) and
antiangiogenic (sFlt1 and sEng) activity,
and is more strongly predictive of PE
in normal-risk women than any single
biomarker.6 However, few studies have
reported angiogenic factor levels in high-
risk groups.

We hypothesized that gestational
angiogenic biomarker profiles differ be-
tween low-risk controls and high-risk
women. These differences may provide
erican Journal of Obstetrics & Gynecology 1.e1
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insights into the mechanism of risk
predisposition in these groups. The goal
of this study was to compare gestational
patterns of sFlt1, PlGF, and sEng in
women with cHTN, diabetes mellitus,
obesity and nulliparity, MGs, and prior
PE with low-risk women.

MATERIALS AND METHODS

Study population
This was a planned secondary analysis of
a 2-center observational cohort study
of angiogenic biomarkers in high-risk
women. The purpose of the primary
study was to determine the use of
angiogenic biomarkers for predication
of PE in high-risk women. Women pre-
senting to the University of Massachu-
setts Memorial Health Care or the
George Washington University Medical
Faculty Associates for prenatal care be-
tween September 2007 and June 2010
were considered for enrollment. Inclu-
sion criteria were: pregnancy at or before
27 weeks and 6 days’ gestation, and
eligibility into either (1) the low-risk
control (LRC) cohort or (2) the high-
risk cohort.

Inclusion in the high-risk cohort
required the presence of at least one of
the following: (1) nulliparous (no prior
pregnancies beyond 20 weeks’ gestation)
with prepregnancy body mass index
(BMI) �30 kg/m2, (2) pregestational
diabetes mellitus requiring oral hypo-
glycemic or insulin therapy before
conception, (3) cHTN diagnosed or
confirmed at screening by presence of
blood pressure (BP) 140/90 mm Hg
or greater on at least 2 occasions at
least 4 hours apart before 20 weeks’
gestation and/or use of antihypertensive
medications, (4) MGs confirmed by
ultrasound evaluation and/or (5) previ-
ous PE reported by subject and/or med-
ical record review, using diagnostic
criteria outlined in following section. For
the purposes of this analysis, where our
goal was to describe the angiogenic bio-
marker patterns of specific risk groups,
we performed a post hoc exclusion of
women with more than 1 risk factor.

Inclusion in the low-risk control
cohort required prepregnancy BMI less
than 26 and absence of any risk factors
described above. Prior pregnancy was
1.e2 American Journal of Obstetrics & Gynecology
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not an exclusion criterion for the low-
risk cohort.
Exclusion criteria for both cohorts

included any 1 of the following: (1) age
<20 or >40 years, (2) preexisting pro-
teinuria (�300 mg/24 hour from timed
urine collection or protein:creatinine
ratio �0.3), (3) prior diagnosis of sys-
temic lupus erythematosus or anti-
phospholipid antibody syndrome, (4)
significant concern about compliance
or ability to complete study protocol,
(5) use of antiretroviral medications,
(6) history of organ transplantation, (7)
known active illicit drug abuse or meth-
adone maintenance, (5) expected de-
livery outside participating facilities, (6)
inability to understand English, and/or
(7) inability to provide informed con-
sent. The institutional review boards of
the University of Massachusetts Medical
School and George Washington Univer-
sity approved the study, and all subjects
provided informed consent.
Baseline demographic data and med-

ical history were collected on enrollment
by study personnel through personal
interview and medical record review.
Data collected included maternal age,
race/ethnicity, tobacco and other sub-
stance use, medical problems, and ob-
stetric history. Baseline data addressing
absence or presence of risk factors in-
cluded height, weight, number of fetuses
by ultrasound, BP, and urine protein
testing. Gestational age was calculated
based on first trimester ultrasound or
clinical dating that concurred with sec-
ond trimester ultrasound.7

Serum sampling and immunoassay
Serum specimens were collected at three
prespecified gestational windows: 23-27
completed weeks, 28-31 weeks, and 32-
35 weeks’ gestation. After phlebotomy,
blood samples were immediately centri-
fuged, aliquoted, and frozen at �80�C
until time of assay. Assays were per-
formed less than 5 years after collection
and each serum aliquot was thawed only
once. Enzyme-linked immunosorbent
assays (ELISA) for human sFlt1, PlGF,
and sEng were performed in duplicate
using commercial kits (R&D Systems,
Minneapolis, MN) by an investigator
blinded to risk group and pregnancy
MONTH 2013
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outcomes. Samples were repeated if
there was greater than 10% variability
between duplicates. Plates were repeated
if the interassay variability was >15%
based on an interassay standard. Inter-
assay and intraassay variability were 4.9%
and 2.5% for sFlt1, 8.3% and 1.8% for
PlGF and 3.7% and 2.6% for sEng,
respectively. Samples collected after the
diagnosis of PE were not included in
analyses.

Diagnosis of PE
PE was defined according to pub-
lished guidelines8,9 as follows. In women
without cHTN, PE was defined as the
new onset of hypertension and protein-
uria after 20 weeks’ gestation. Hyperten-
sion was either systolic BP �40 mmHg
or diastolic BP�90 mmHg or greater on
2 occasions at least 4 hours apart.
Proteinuria was excretion of �300 mg
protein in a 24-hour urine collection,
urine protein:creatinine ratio �0.30, or
urine dipstick 1þ or greater on 2 occa-
sions at least 4 hours apart, with no
evidence of urinary tract infection. In
women with cHTN, the diagnosis of PE
required new onset proteinuria after
20 weeks’ gestation. Gestational hyper-
tension was new onset hypertension
without proteinuria after 20 weeks’
gestation. Although the diagnosis of PE
required 2 abnormal BP readings, the
onset of PE was defined as the time of
the first elevated BP or urinary protein
measurement leading to the diagnosis.

Statistical methods
Continuous variables were summarized
using means and standard deviations,
and pairwise comparisons of each high-
risk subgroup with low-risk control
subjects low-risk subjects Qwere made
using Wilcoxon 2-sample rank sum
tests. Categoric variables were summa-
rized using frequencies, and pairwise
comparisons of each high-risk sub-
group with low-risk controls were made
using Fisher exact tests. In longi-
tudinal analyses, we estimated linear
mixed models10 for each biomarker as a
function of gestational window, low-risk
control/high-risk subgroup, and their
interaction. Each biomarker was log-
transformed to handle right-skewness,
pm � ce
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TABLE 1
Patient characteristics and pregnancy outcome according to risk group

Characteristic

Low risk
controls
(LRC)
(n [ 59)

Hypertension
(HTN)
(n [ 22)

Diabetes
mellitus (DM)
(n [ 12)

Prior
preeclampsia
(Prior PE)
(n [ 42)

Obese and
nulliparous
(Ob&Nul)
(n [ 49)

Multiple
gestatations
(MG)
(n [ 31)

Maternal age, y, Mean (SD) 30.7 (5.5) 33.3 (4.9)a 34.1 (2.6) 30.1 (5.3) 30.3 (4.3) 34.6 (3.9)a

Gravity (number pregnancies),
Mean (SD)

2.4 (1.4) 4.1 (2.9)a 2.7 (1.4) 3.2 (1.6)a 1.7 (0.9)a 2.3 (1.9)

Body mass index, kg/m2 24.8 (2.2) 30.3 (6.3)a 30.4 (6.7)a 29.0 (5.6)a 38.0 (6.3)a 28.2 (6.9)a

Race/ethnicity, % (n)

White 61.0 (36) 36.4 (8) 66.7 (8) 52.4 (22) 65.3 (32) 80.7 (25)

Hispanic 10.2 (6) 4.6 (1) 16.7 (2) 14.3 (6) 8.2 (4) 3.2 (1)

Black 23.7 (14) 54.6 (12) 16.7 (2) 33.3 (14) 24.5 (12) 12.9 (4)

Asian 5.1 (3) 4.6 (1) 0.0 (0) 0.0 (0) 2.0 (1) 3.2 (1)

Current smoker, % (n) 8.5 (5) 9.1 (2) 0.0 (0) 7.1 (3) 6.1 (3) 0.0 (0)

Gestational age at delivery,
wks, Mean (SD)

39.3 (1.7) 37.9 (2.5)a 37.2 (3.4)a 37.6 (3.1)a 39.7 (1.2) 35.9 (2.9)a

Birthweight, g, Mean (SD) 3316 (529) 2990 (643)a 3078 (1058) 2988 (762)a 3492 (472) 2313 (487)a,b

Preeclampsia, % (n) 1.7 (1) 27.3 (6)a 8.3 (1) 11.9 (5) 6.1 (3) 12.9 (4)a

Onset <34 wks 0.0 (0) 13.6 (3)a 8.3 (1) 9.5 (4)a 0.0 (0) 6.5 (2)a

Onset 34-36.7 wks 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 6.5 (2)

Onset 37þ wks 1.7 (1) 13.6 (3) 0.0 (0) 2.4 (1) 6.1 (3) 0.0 (0)

DM, diabetes mellitus; HTN, hypertension; LRC, low-risk controls; MG, multiple gestation; Ob&Nul, obese and nulliparous; PE, preeclampsia.

a P value for difference from healthy controls < .05, using Fisher exact test or Wilcoxon rank-sum test; b Mean weight of all newborns.

Maynard. Angiogenic factors differ by risk group. Am J Obstet Gynecol 2013.
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and estimated means were backtrans-
formed as geometric means and 95%
confidence intervals for purposes of
presentation. At each gestationalwindow,
pairwise comparisons of low risk controls
with each high-risk subgroup were
tested, adjusting formaternal age, current
smoking, and race/ethnicity; P values
were not adjusted for multiple compari-
sons because each pairwise compari-
son was of a priori interest. Analyses
were performed both including and
excluding subjects who subsequently
developed PE. At each gestational win-
dow, and for each risk group, pairwise
comparisons of the angiogenic ratio
among subjects who did vs did not
develop PE were tested using linear
mixed modeling of log-transformed bio-
markers, adjusting formaternal age, race/
ethnicity, and current smoking. Statistical
significance was set at P < .05 for all
comparisons.
FLA 5.1.0 D
RESULTS

Characteristics of the study subjects
A total of 258 women met inclusion
criteria and contributed at least 1 serum
specimen in the prespecified gestational
windows. Of these, 43 subjects were
excluded because they had more than
one PE risk factor. Table 1 compares the
clinical characteristics of the 156 high-
risk subjects and 59 low-risk control
subjects included in the analysis.
Compared with low-risk control sub-
jects, women in the high-risk groups
differed with regard to both baseline
characteristics and pregnancy outcomes.
Specifically, women with cHTN were
older, had more previous pregnancies/
less nulliparity, higher prepregnancy
BMI, earlier gestational age at delivery,
lower birthweight, and were more likely
to develop PE.Womenwith diabetes had
a higher body mass index, and earlier
gestational age at delivery. Women with
MONTH 2013 Am
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prior PE hadmore previous pregnancies/
less nulliparity, higher baseline BMI,
earlier gestational age at delivery, and
lower birthweight. Among women with
prior PE, 35.7% classified their prior
PE episode as “severe,” 18% of prior
PE episodes were complicated by pre-
mature delivery (<37 weeks), and 6% by
severe prematurity (<34 weeks). Obese
and nulliparous women had fewer prior
pregnancies/more nulliparity and higher
baseline BMI. Women with MGs were
older, had higher baseline BMI, earlier
gestational age at delivery, lower mean
birthweight, and were more likely to
develop PE. One woman in the low-risk
control group and 19 women in the
high-risk groups developed PE.

Angiogenic factors and ratio in
high-risk vs low-risk pregnancies
Figure 1, A-D, compares geometricmean
biomarker levels for the 5 high-risk
erican Journal of Obstetrics & Gynecology 1.e3
pm � ce
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FIGURE 1
TITLEQ3

A,Maternal serum levels of sFlt1, B, sEng, C, PlGF, and D, the angiogenic ratio (sFlt1+sEng):PlGF by

gestational age, inclusive of women who developed preeclampsia. Unadjusted geometric mean

biomarker levels are shown for specimens drawn during 3 gestational age windows according to 5

high-risk groups as compared with low-risk controls. The gestational window given as number of

completed weeks (ie, 23-28 weeks indicates specimen drawn between 23 weeks 0 days and 27

weeks 6 days). The key indicates which line corresponds to which group and how many specimens

were contributed by how many women in each gestational age window.

Graph key Cohort

No. of specimens/no. of women

23-27 wks 28-31 wks 32-36 wks

Low risk controls (n ¼ 59)a 55/55 52/50 47/46

Hypertension (n ¼ 22) 16/16 19/18 17/17

Diabetes mellitus (n ¼ 12) 12/12 11/11 9/9

Prior preeclampsia (n ¼ 42) 39/38 28/28 22/22

Obese and nulliparous (n ¼ 49) 46/45 42/41 41/41

Multiple gestations (n ¼ 31) 32/31 25/25 23/23

a 1 low-risk controls participant omitted in multivariate longitudinal analyses because of missing gravidity.

Maynard. Angiogenic factors differ by risk group. Am J Obstet Gynecol 2013.
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groups as compared with low-risk con-
trols for each biomarker (sFlt1, sEng,
PlGF) and angiogenic ratio (sFlt1þ
sEng):PlGF by gestational age window.
Figure 2 presents the same comparisons,
excluding women who developed PE.
1.e4 American Journal of Obstetrics & Gynecology
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Multiple gestations
Women with MGs had higher sFlt1
(Figure 1, A) and sEng (Figure 1, B)
levels in all gestational windows (P <
.0001) as compared with low-risk con-
trols (LRC) and with the other high-risk
MONTH 2013
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groups. PlGF levels (Figure 1, C) in the
MG group were significantly higher
in the 23-27 week window (P ¼ .0011),
and decreased through gestation; differ-
ences from the LRC group were not
significant for subsequent windows.
The angiogenic ratio was significantly
higher in MG as compared with LRC
for the 28-31 week (P ¼ .0004) and the
32-36 week (P < .0001) windows
(Figure 1, D). Exclusion of women who
developed PE did not significantly affect
these results (Figure 2).

Prior PE
Women with prior PE (PE) had higher
sFlt1 (P<.05), lower PlGF (P<.05), and
higher angiogenic ratio (P < .02) in the
28-31 and the 32-35 week windows as
compared with LRC (Figure 1). sEng
tended to be higher in these windows as
well, though the difference was of
borderline significance in the 32-35 week
window (P ¼ .023 at 28-31 weeks, P ¼
.051 at 32-35 weeks). In the 23-27 week
window, there were no significant dif-
ferences from the LRC group for any
biomarker. When women who devel-
oped PE were excluded (Figure 2),
overall patterns were similar, but differ-
ences from the LRC group were no
longer statistically significant in the
28-31 week window for sFlt1 (P ¼ .121)
and PlGF (P ¼ .108). The angiogenic
ratio remained significantly higher for
the latter 2 gestational windows (P¼.038
at 28-31 weeks, P¼ .012 at 32-35 weeks)
after exclusion of women with PE.

Diabetes mellitus
sFlt1 and sEng were higher in women
with DM as compared with LRC for the
first 2 gestational windows (P< .05), but
were not significantly different from
LRC for the 32-35 week window. PlGF
tended to be lower, and the angiogenic
ratio tended to be higher, as compared
with LRC for all 3 windows; these
differences did not reach statistical sig-
nificance. Exclusion of women who
developed PE attenuated the differences
between DM and LRC groups with re-
gard to sFlt1 and sEng, and differences
were no longer statistically significant,
with the exception of sEng in the 28-31
week window (P ¼ .033) (Figure 2).
pm � ce
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FIGURE 2
TITLE

A, Maternal serum levels of sFlt1, B, PlGF, C, sEng and D, the angiogenic ratio of (sFlt1+sEng):PlGF

by gestational age, excluding women who developed preeclampsia. Unadjusted geometric mean

biomarker levels are shown for specimens drawn during 3 gestational age windows according to 5

high-risk groups as compared with low-risk controls. The key indicates which line corresponds to

which group and how many specimens were contributed by how many women in each gestational

age window.

Graph key Cohort

No. of specimens/no. of women

23-27.6 wks 28-31.6 wks 32-35.6 wks

Low risk controls (n ¼ 58) 54/54 51/49 46/45

Hypertension (n ¼ 16) 10/10 14/13 14/14

Diabetes mellitus (n ¼ 11) 11/11 10/10 9/9

Prior preeclampsia (n ¼ 37) 35/34 25/25 21/21

Obese and nulliparous (n ¼ 46) 44/43 38/38 38/38

Multiple gestations (n ¼ 27) 28/27 21/21 19/19

Maynard. Angiogenic factors differ by risk group. Am J Obstet Gynecol 2013.
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Chronic hypertension
Women with cHTN tended to have
higher sFlt1 and lower PlGF as compared
with LRC; differences reached statistical
signficance for the 28-32 week window
for sFlt1 (P ¼ .048), and the 23-28 week
(P ¼ .005) and 32-36 week (P ¼ .046)
windows for PlGF. There were no sig-
nificant differences in sEng levels for any
gestational age. The angiogenic ratio was
significantly higher in cHTN compared
with LRC for all 3 gestational windows
(P ¼ .003, P ¼ .024, and P ¼ .015 for the
23-27, 28-31, and 32-35 week windows,
respectively). Analyses excluding women
who developed PE showed no significant
differences between the cHTN and the
LRC groups for any biomarker at any
gestational window.

Obese and nulliparous
Unlike the other high risk groups, sFlt1
levels in women with obesity and nulli-
parity were not significantly different
from low-risk controls (Figure 1). sEng
was significantly lower only in the 23-27
week window (P ¼ .0033). In contrast,
PlGF was significantly lower than LRC
for all 3 gestational windows (P ¼ .035,
P ¼ .008, and P ¼ .014). There were no
significant differences in the angiogenic
ratio at any gestational age. Results were
similar after exclusion of women who
developed PE (Figure 2).

Angiogenic ratio according to PE
outcome
Table 2 compares the angiogenic ratio for
women who did vs did not develop PE
within each risk group. The angiogenic
ratiowas higher inwomenwhodeveloped
PE vs those who did not among women
with cHTN, DM, and prior PE, andMGs.
Because of a small number of subjects
with PE in each individual risk group,
power was limited and statistical signifi-
cance was not captured for each window/
risk group, however, the ratiowas>2-fold
higher in women who developed PE for
most comparisons. Obesity and nulli-
parity was the striking exception, with
similar angiogenic ratio observed in
women who did vs did not develop PE.

COMMENT

In this study, we show that gestational
patterns of maternal serum angiogenic
FLA 5.1.0 D
factors are altered in women with PE
risk factors as compared with low-risk
women. In particular, sFlt1 and sEng
levels in women with MGs were sig-
nificantly elevated as compared with
singleton low-risk control women, with
differences becoming more pronounced
as gestation progressed. Women with
MONTH 2013 Am

TD � YMOB9203_proof � 2 April 2013 � 9:21
cHTN, DM, and prior PE also had
significantly altered levels of the indi-
vidual angiogenic biomarkers and the
angiogenic ratio, though differences
varied by risk group and were smaller
in magnitude than those seen for MGs.
In contrast, women with obesity and
nulliparity had sFlt1 and sEng profiles
erican Journal of Obstetrics & Gynecology 1.e5
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TABLE 2
Angiogenic ratio (sFlt1DsEng):PlGF in women who did vs did not
develop PE, by risk group

Variable

Geometric mean (95% CI)

23-27 wks’
gestation

28-31 wks’
gestation

32-35 wks’
gestation

cHTN

No PE (n ¼16) 16.16 (10.39�25.15) 12.17 (7.35�20.14) 24.83 (14.14�43.61)

PE (n ¼ 6) 115.1 (58.91�224.9) 138.4 (52.48�364.9) 390.3 (126.6�1203)

P value for
difference

< .0001 < .0001 < .0001

DM

No PE (n ¼ 11) 21.29 (13.10�34.60) 19.55 (9.77�39.14) 28.48 (13.35�60.78)

PE (n ¼ 1) 280.9 (57.18�1380) 338.4 (41.53�3632) (a)

P value for
difference

.0029 .0136 (a)

Prior PE:

No PE (n ¼ 37) 17.73 (13.58�3.16) 18.83 (12.86�27.56) 42.23 (27.65�64.50)

PE (n ¼ 5) 23.65 (11.28�49.58) 82.49 (29.02�234.4) 525.0 (114.0�2418)

P value for
difference

.4718 .0098 .0022

Ob&Nul

No PE (n ¼ 46) 18.62 (14.67�23.65) 17.88 (12.91�24.78) 32.42 (22.82�46.06)

PE (n ¼ 3) 24.75 (9.36�65.44) 12.42 (4.03�38.27) 22.48 (6.82�74.07)

P value for
difference

.5769 .5438 .5654

MG

No PE (n ¼ 27) 15.54 (11.36�21.26) 26.99 (17.21�42.31) 102.0 (62.04�167.8)

PE (n ¼ 4) 33.10 (14.80�74.03) 118.9 (38.62�365.9) 242.3 (72.90�805.2)

P value for
difference

.0840 .0169 .1915

cHTN, chronic hypertension; CI, confidence interval; DM, diabetes mellitus; MG, multiple gestation; Ob&Nul, obese and
nulliparous; PE, preeclampsia; PlGF, placental growth factor; sEng; soluble endoglin; sFlt1, soluble fms-like tyrosine kinase 1.

a No DM subjects with preeclampsia had a specimen in the 32-35 wk window.

Maynard. Angiogenic factors differ by risk group. Am J Obstet Gynecol 2013.
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that were generally similar to controls,
although PlGF was lower. These obser-
vations suggest that altered angiogenic
biomarker expression and/or meta-
bolism may contribute to PE risk,
particularly in women with MGs and
prior PE.

Multiple gestations
Although the impressive alterations in
angiogenic biomarker patterns in mul-
tiple gestation pregnancies have been
1.e6 American Journal of Obstetrics & Gynecology
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noted previously by our group11 and
others12 using high-risk singleton com-
parison groups, to our knowledge only
one other study has confirmed this
finding using a low-risk singleton com-
parison group13: Sanchez et al reported
first trimester sFlt1 levels were 60%
higher in women with twin vs singleton
pregnancies. In this study we extend
these findings to the second and early
third trimester, showing that women
with MGs have sFlt1 levels that are
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2.5- to 4.5-fold higher than low-risk
singletons. In addition, we describe a
different gestational pattern of PlGF
in women with MGs, with loss of the
typical midgestation peak; instead, PlGF
levels fall consistently from the late sec-
ond through the third trimester. PlGF
levels may peak earlier in pregnancy
(ie, before 23 weeks) in women with
MGs. Further studies of PlGF earlier in
pregnancy in multiple gestation preg-
nancies are needed to evaluate this.
Our data indicate that marked derange-
ments in angiogenic factor levels, likely
because of increased sFlt1 and sEng
production related to increased placental
mass,14 contribute to increased PE risk in
women with MGs.

Prior PE
To our knowledge, no prior studies
have compared angiogenic factor levels
in women with prior PE and low-
risk pregnant women. The mechanism
underlying increased PE risk among
women with prior PE is unknown. We
found that women with prior PE
have higher maternal serum levels of
sFlt1, and lower levels of PlGF, from 28
weeks onward as compared with low-
risk control pregnancies. These differ-
ences were somewhat attenuated after
exclusion of women who developed
PE, but the angiogenic ratio remained
significantly higher for these later
gestational windows. This suggests that
altered production of angiogenic factors,
especially later in gestation, contributes
to the higher PE risk observed in
these women. Unlike women with MGs,
where increased placental mass is an
obvious contributor to changes in ma-
ternal serum angiogenic factors, the
mechanisms leading to these patterns in
women with prior PE are unknown.

Diabetes and hypertension
CHTN and DM are characterized by
underlying maternal endothelial dys-
function. It is tempting to speculate that
these conditions predispose to PE by
increasing maternal susceptibility to the
endothelial stress of pregnancy. In sup-
port of this hypothesis, women with PE
superimposed on cHTN have lower sFlt1
levels at the time of delivery as compared
pm � ce
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with low-risk women with PE.15 An
alternative hypothesis is that women
with DM and cHTN have alterations
in sFlt1, sEng, or PlGF production or
metabolism, either by the placenta or by
extraplacental sources such as peripheral
blood mononuclear cells.16 Previous
studies seem to support this possibility:
Powers et al reported lower PlGF levels at
study entry (9-26 weeks’ gestation) in
diabetics as compared with women with
hypertension or prior PE, but a low-risk
control group was not available for
comparison.12 Verlohren et al found the
sFlt1:PlGF ratio was higher in women
with cHTN as compared with low-risk
controls, though differences were statis-
tically significant only after 34 weeks,17

and individual biomarkers were not re-
ported. Our findings are consistent with
those of Verlohren, showing the angio-
genic ratio (sFlt1þsEng):PlGF is higher
in cHTN as compared with LRC for
all gestational windows studied (ranging,
23-35 weeks). sEng levels were not
significantly different from low-risk
controls. Notably, biomarker differ-
ences for both cHTN vs LRC and DM vs
LRC were attenuated (and generally lost
statistical significance) in analyses that
excluded women who developed PE.
This may be due to the unusually high
rate of PE (27.3%) in the cHTN group,
and the small number of subjects in
the DM group (n ¼ 11 after excluding
PE). Nevertheless, these findings support
the second hypothesis: alterations in
angiogenic biomarker production or
metabolism are likely to contribute to
PE risk in women with cHTN and DM.
The alterations in angiogenic markers
are not as pronounced as those seen
in multiple gestation pregnancies, thus
altered maternal susceptibility may also
contribute to risk.

Obesity and nulliparity
Obesity is an independent risk factor
for PE.18,19 The mechanism underlying
increased risk in obese women is un-
known, though roles have been hypoth-
esized for both a chronic inflammatory
state20 and subclinical insulin resis-
tance.21 Although adipocytes appear
to express and secrete sFlt1,22 circu-
lating sFlt1 levels are not associated
FLA 5.1.0 D
with obesity measures in nonpregnant
adults.23

We found that sFlt1 and sEng levels
were slightly lower in obese and nullip-
arous women compared with low-risk
controls, though the difference reached
statistical significance only for sEng in
the earliest (23-28 week) gestational
window. The trend toward lower sEng
and sFlt1 levels was offset by significantly
lower PlGF levels at all gestational win-
dows in obese and nulliparous women,
resulting in an angiogenic ratio that
was not significantly different from
the low-risk, nonobese control group.
These results suggest that changes in
PlGF production or metabolism may
be an important contributor to PE
risk on obese and nulliparous women.
However, because the angiogenic ratio—
a proposed measure of overall angio-
genic balance—is unchanged, increased
maternal susceptibility may be the pri-
mary mechanism of PE risk in these
women.
Other studies have consistently re-

ported lower sFlt1, sEng, and/or PlGF
levels among obese women in the first,24

second,25,26 and third26 trimesters. In
contrast, Suwaki et al reported no dif-
ference in sFlt1 levels in overweight
(BMI >25) vs normal weight women
who did not develop hypertensive dis-
orders of pregnancy, though overweight
women with PE had significantly lower
sFlt1 levels than did normal weight
women with PE27; however, this study
was limited by a small sample size
(n ¼ 14 overweight and 13 normal-
weight).
Nulliparity itself also appears to be

associated with higher sFlt1 levels.25,28

Because nulliparity was a criteria for
inclusion in the Obesity and Nulliparous
subgroup in our study, the competing
effects of nulliparity and obesity on sFlt1
levels may explain the absence of a sig-
nificant difference in sFlt1 levels for this
group.

Heterogeneity of high-risk groups
The 5 high-risk groups studied in this
study vary with regard to PE risk. For
example, women with prior PE have an
extremely high risk of PE is subsequent
pregnancies (relative risk, 7.19), with
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the highest risk seen in women with se-
vere, second trimester PE.29 Nulliparity,
overweight (BMI >26), and cHTN, in
contrast, each confer a relative risk of
2.4-2.9.29 In addition, it is likely that the
mechanism of PE risk differs among risk
groups. These differences highlight the
importance of their analysis as separate
groups.

Exclusion of women who developed
PE
With the notable exception of the cHTN
group, exclusion of women who devel-
oped PE had a modest impact on our
findings, in general diminishing the
magnitude of differences observed be-
tween high-risk women and low-risk
controls. It is unclear whether exclu-
sion of women with PE is appropriate
when seeking to describe biomarker
differences between risk groups. The
rationale for exclusion is that the higher
prevalence of PE among high-risk
groups introduces bias, because PE is
itself associated with alterations in
angiogenic factors. According to this line
of reasoning, biomarker differences be-
tween groupsmay reflect the effect of PE,
rather than the effect of the risk factor
being studied. In our opinion, this logic
is flawed if one believes that angiogenic
factor changes are part of the patho-
physiologic pathway leading to PE,
rather than a downstream consequence
of PE itself.2,30 In addition, because all
specimens were collected before PE
onset, it is unlikely that PE itself caused
the alterations in angiogenic factors.
Instead, we believe that the underlying
conditions (ie, cHTN) lead to altered
biomarker levels, and subsequent devel-
opment of PE—in which case there is
no rationale for exclusion of PE cases.
We present both analytic approaches,
and invite the reader to make her own
judgment.

Implications for PE prediction
The angiogenic ratio tended to be higher
in women with PE vs no PE for all risk
groups except Obese and Nulliparous.
Though statistical power was limited
by the small number of women who
developed PE in each group, more than
2-fold differences in the angiogenic ratio
erican Journal of Obstetrics & Gynecology 1.e7
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were observed for most comparisons.
These results agree with those of Powers
et al,12 who concluded that angiongenic
biomarker patterns are altered before PE
onset in high-risk pregnancies as they are
with low-risk pregnancies. It remains
unclear if these differences are large
enough to be clinically useful for PE
prediction. We found the largest differ-
ences for women with DM and HTN,
where the angiogenic ratio was >7-fold
higher inwomenwho developed PE at all
windows studied. In contrast, our find-
ings suggest that angiogenic biomarkers
are unlikely to be useful for PE pre-
diction in women with obesity and
nulliparity. Normal ranges and predic-
tive cutoffs for angiogenic biomarkers
derived from low-risk populations will
not be applicable to high-risk groups.

Limitations
Our study is limited by a relatively small
sample size, with the number of patients
in each individual risk group ranging
from 12 to 59 (Table 1). In particular,
the number of subjects with DM was
very small (n ¼ 12), limiting power to
detect differences in PlGF and the
angiongeic ratio for this group. Because
of a small number of subjects who
were current smokers, we were unable
to examine biomarker profiles in this
“positive” risk group. The decision to
combine obesity and nulliparity into
a single risk group precludes any con-
clusions regarding the relative contri-
bution of these 2 different conditions
to the observed biomarker patterns.
The study populationwas recruited from
2 academic urban obstetric practices,
and generalization to other popula-
tions may be limited. Although analyses
controlled for some baseline variables,
it is possible that unmeasured covari-
ates may have contributed to the ob-
served differences in biomarker patterns.
Finally, the observational nature of the
study, limited as it was to analysis of
maternal serum biomarker levels, pre-
cludes any firm conclusions about patho-
physiologic pathways on the basis of our
findings.

In summary, we demonstrate that
altered angiogenic balance, indicated by
changes in sFlt1, sEng, PlGF, and/or the
1.e8 American Journal of Obstetrics & Gynecology
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angiogenic ratio (sFlt1þsEng:PlGF), is
present in pregnant women with MGs,
prior PE, diabetes, hypertension, and
obesity and nulliparity as compared with
low-risk control pregnancies. This sug-
gests that alterations in circulating
angiogenic factor production or meta-
bolismmay contribute to PE risk in these
groups. Whether differences in angio-
genic biomarkers are due to increased
placental production, extraplacental pro-
duction, increased metabolism, or effects
on protein binding or distribution into
different body compartments remains to
be determined. -
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