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Endothelial Dysfunction
A Link Among Preeclampsia, Recurrent Pregnancy Loss, and Future
Cardiovascular Events?
Alfredo M. Germain, Mary Carmen Romanik, Irene Guerra, Sandra Solari, Marı́a Soledad Reyes,
Richard J. Johnson, Karen Price, S. Ananth Karumanchi, Gloria Valdés
Abstract—We tested the hypothesis that endothelial dysfunction could cause placentation-related defects, persist after the
complicated pregnancy, and probably cause cardiovascular disease later in life. Brachial arterial reactivity and factors
related to endothelial dysfunction, such as circulating cholesterol, uric acid, nitrites, L-arginine, asymmetrical
dimethylarginine, vascular endothelial growth factor, and soluble vascular endothelial growth factor receptor-1, in
women with previous healthy pregnancies (n⫽22), patients with severe preeclampsia (n⫽25), or patients with recurrent
pregnancy loss (n⫽29), at day 10 of the luteal phase of an ovulatory cycle an average of 11 to 27 months after pregnancy
were evaluated. Both groups with placentation defects had a significant decrease in endothelium-dependent dilatation,
a higher rate of endothelial dysfunction, lower serum nitrites, and higher cholesterol as compared with control subjects;
subjects with previous preeclampsia additionally had higher normal blood pressures and a greater parental prevalence
of cardiovascular disease. Patients with recurrent pregnancy loss also demonstrated a significantly lower endotheliumindependent vasodilatation. A trend to an inverse correlation was found between serum cholesterol serum and
endothelial-mediated vasodilatation in the whole study population. Uric acid, L-arginine, asymmetrical dimethylarginine, vascular endothelial growth factor, and soluble vascular endothelial growth factor receptor-1 were similar in all of
the groups. We postulate that endothelial dysfunction may represent a link between preeclampsia and increased
cardiovascular disease latter in life and propose that women with unexplained recurrent miscarriages are also at
increased cardiovascular risk. The identification and correction of endothelial dysfunction detected during the
reproductive stage on obstetric outcome and on cardiovascular diseases needs to be elucidated. (Hypertension. 2007;
49:1-6.)
Key Words: endothelial dysfunction 䡲 endothelium-mediated vasodilatation 䡲 pregnancy 䡲 preeclampsia
䡲 recurrent abortion 䡲 cardiovascular risk

P

reeclampsia not only elevates obstetric morbidity and
mortality, but also places the mother at increased risk for
developing cardiovascular disease (CVD) later in life. Indeed,
subjects with preeclampsia are susceptible to hypertension,
obesity/metabolic syndrome, and to CVD particularly if the
preeclampsia is complicated by preterm birth.1– 4 Interestingly, subjects with recurrent spontaneous abortions have also
been reported to be at increased risk for the development of
cerebrovascular disease later in life.5 This suggests that there
may be underlying risk factors of CVD that predispose to
both preeclampsia and/or spontaneous abortions, 2 conditions
that represent different degrees of placentation defects.
One potential unifying mechanism could involve the presence of endothelial dysfunction before the obstetric complication. Maternal endothelial dysfunction could impair the

invasion of extravillous trophoblasts into the spiral arteries,
necessary to create the high-flow, low-resistance uteroplacental vascular system that provides adequate blood supply
for fetal growth.6 In turn, endothelial dysfunction has been
shown to precede the development of hypertension and
metabolic syndrome in several studies.7–9 Moreover, recent
studies suggest that endothelial dysfunction occurs far from a
preeclamptic pregnancy10 –12 and during childhood in low
birth–weight infants,13 who are also susceptible to hypertension and CVD later in life.14 –16
We hypothesized that endothelial dysfunction should be
present in subjects with preeclampsia and with recurrent
abortions after their complicated pregnancy and before the
development of CVD, whereas women who had previously
healthy pregnancies would have a normal endothelial func-
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TABLE 1. General Characteristics in Controls and Patients With Previous Severe
Preeclampsia and Recurrent Pregnancy Loss
Characteristics
Age, y

Control
(n⫽22)

Severe Preeclampsia
(n⫽25)*

Recurrent Pregnancy
Loss (n⫽29)

32⫾1.1

31.4⫾1.2

33.9⫾0.8

Body mass index, kg/m2

23.6⫾0.5

24.5⫾0.9

23.5⫾0.6

Maternal birth weight, g

3314⫾138

3086⫾78

2941⫾154

Interval from last delivery, months

27⫾6.9

16⫾3.5

11⫾2.2

Previous pregnancies, n

1.4⫾0.2

2.0⫾0.2

3.8⫾0.3

Primiparous/multiparous, n
Previous deliveries, n
Previous miscarriages, n

16/6
1.4⫾0.2
0

17/8

0/36

2.0⫾0.2

0.8⫾0.2

0.2⫾0.1

2.9⫾0.2
䡠䡠䡠
8.1⫾0.5

Newborn weight, g†

3409⫾69

1,471⫾140

Gestational age at delivery/abortion, wk†

38.2⫾0.2

30.9⫾0.8

Data are expressed as mean⫾SEM.
*One patient presented with abruptio placenta, 2 with HELPP syndrome, 2 with eclampsia, 6 with stillbirths, and
14 with intrauterine growth retardation; 2 of the multiparous preeclamptics had a recurrent PE.
†Referred to the index pregnancy.

tion. In addition, we evaluated whether the endothelial
dysfunction is associated with factors known to be related or
causally linked to it, including maternal birth weight, and
circulating levels of cholesterol, uric acid, L-arginine, asymmetrical dimethylarginine (ADMA), nitrites, vascular endothelial growth factor (VEGF), and soluble vascular endothelial
growth factor receptor-1 (sFlt1).7,16 –21
Because it is difficult to separate the alterations that predate preeclampsia from those caused by the severe maternal systemic derangement provoked by the ischemic placenta,22,23 idiopathic recurrent pregnancy loss represents a
clinical model of a placentation defect devoid of the hypertensive phase of placental ischemia.
We report that patients with a previous history of severe
preeclampsia have higher blood pressure, lower endotheliummediated vasodilatation, increased rates of endothelial dysfunction, decreased plasma nitrites, increased cholesterol
levels, and parental CVDs, whereas patients with idiopathic
pregnancy loss share with preeclamptic subjects these risk
factors, with the exception of increased blood pressure and
parental CVDs. These data support a link between placentation relation disorders and CVD and suggest that placentation
related disorders may constitute an early expression of cardiovascular risk factors.

Methods
The study was performed between January 1999 and June 2003 in
one of the out patient clinics of the Catholic University School of
Medicine following a study protocol approved by the institutional
review board. All of the patients gave their informed consent.
Maternal and perinatal outcomes definitions were those used by the
American College of Obstetrics and Gynaecology guidelines.24
Control subjects were normotensive women who gave birth to
healthy infants with adequate weight for gestational age and had no
miscarriages or preeclamptic pregnancies before the index pregnancy. Severe preeclampsia was defined by one of the following:
hypertension ⬎160/110 mm Hg, 24-hour proteinuria ⬎5 g per 24
hours, oliguria ⬍500 mL per 24 hours, cerebral or visual disturbances, pulmonary edema, epigastric or right-upper– quadrant pain,
or impaired liver function and thrombocytopenia developing after 20
weeks of gestation in a previously normotensive woman. Eclampsia

was defined by the presence of new-onset seizures in a preeclamptic
patient. Abruptio placentae, included only when graded as 2 or 3
(associated with vaginal bleeding or concealed hemorrhage, uterine
tenderness, and fetal distress), was diagnosed clinically. The hemolysis, elevated liver enzymes, and low-platelet (HELLP) syndrome
was diagnosed by the combination of hemolysis (lactic dehydrogenase ⬎600 IU/L, serum bilirubin ⬎1.2 mg/dL, or the presence of
schistocytes in the peripheral blood), increased serum aspartate
aminotransferase concentrations (ⱖ70 IU/L), and thrombocytopenia
(platelet count ⬍100 000/mm3). Fetal growth restriction was defined
by a birth weight below the 10th percentile for the gestational age.
Recurrent pregnancy loss required ⱖ2 sequential spontaneous miscarriages presenting normal placental karyotype and had neither
acute placental inflammation nor uterine, thyroid, ovarian, adrenal,
or pituitary abnormalities.
Obesity, overweight, chronic hypertension, diabetes, renal and
CVDs, and multiple pregnancies in the index pregnancy were
exclusion criteria for case and control subjects, because these
conditions increase the incidence and the severity of PE.25 Smokers
were also excluded, because in them the risk of preeclampsia seems
to be reduced26 and, in postpartum, they alter markers of endothelial
function.27 Subjects with thrombophilia were excluded, with the
exception of the antiphospholipid syndrome diagnosed by antiphospholipid antibodies in 8 subjects, 4 belonging to the severe preeclampsia group and 4 to the recurrent abortion group.
The study was performed on day 10 of the luteal phase of the
ovulatory cycle in 74 subjects (71 Hispanics, 2 whites, and 1 Asian),
22 with normal reproductive outcome, 25 with previous severe
preeclampsia, and 29 with recurrent pregnancy loss. Women with
previous preeclampsia were evaluated after a minimum of 4 months
from their last delivery and those with recurrent pregnancy after a
minimum of 3 months after their last miscarriage. None used
hormonal or intrauterine contraceptives or received medications.
Their clinical characteristics, the interval between the index gestation
and the study, and data from their previous reproductive history are
described in Table 1 and 2. A detailed parental history of cardiovascular disorders was obtained using a structured interview questionnaire. As significant end points of CVD, hypertension and premature
atheromatous arterial disease (cerebral, carotid, coronary, aortic, and
peripheral) were considered positive. All of the study subjects had
ⱖ12 years of education and belonged to the middle- and highincome groups.
Blood pressure was recorded in the lying position in the right arm
with a blood-pressure monitor (Dynamap Compact TS plus, Johnson
and Johnson) at 2-minute intervals, and the mean of 3 determinations
was used for the statistical analysis. Serum uric acid and cholesterol
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TABLE 2. Clinical and Biochemical Characteristics of Control
Subjects and Patients With Previous Severe Preeclampsia and
Recurrent Pregnancy Loss
Control
(n⫽22)

Severe
Preeclampsia
(n⫽25)

Recurrent
Pregnancy
Loss (n⫽29)

Systolic blood
pressure, mm Hg

107⫾2.1

124⫾2.5

118⫾2.1

Diastolic blood
pressure, mm Hg

59⫾1.5

73⫾2.2*

63⫾1.5

Mean blood
pressure, mm Hg

74⫾1.8

90⫾2.2*

78⫾1.6

Characteristics

Heart rate, bpm

70⫾2.4

75⫾2.5

75⫾2.4

Total cholesterol, mg/dL

168⫾6.7

201⫾7.1*

193⫾6.7*

Uric acid, mg/dL

4.2⫾0.2

4.2⫾0.2

4.2⫾0.3

Data are expressed as mean⫾SEM.
*P⬍0.05 vs control group by ANOVA and posthoc test.

were measured in an automated analyser (Roche Diagnostics,
GmbH) in a fasting blood sample.
Brachial artery reactivity was assessed after a 12-hour fast,
preceded by a low-fat dinner, as described by Celermajer et al7 and
as reported recently in the Chilean population by our group.28 All of
the examinations were performed between 8:00 AM and 11:00 AM
after 15 minutes of supine rest. The left brachial artery was scanned
longitudinally with a 10-MHz linear transducer (GAAIA 8800 MT
Medison, Korea and Voluson V730, Medison), and the end-diastolic
diameter was measured by the distance between the junctions of the
media and adventitia. After 2 initial recordings, a blood-pressure cuff
in the left wrist was inflated to 250 mm Hg for 5 minutes and then
suddenly deflated. Flow or endothelium-mediated dilatation of the
brachial artery was expressed as the percentage change in the arterial
diameter from baseline, 60 seconds after deflation. Fifteen minutes
after, nonendothelial-mediated dilatation was measured by the difference in diameters before and after 3 minutes of 300-g sublingual
nitroglycerine. The method, tested previously in 10 randomly selected subjects evaluated 2 to 7 days apart, and analyzed by a single
reader, had a coefficient of variation of 4.8%.28 Endothelial dysfunction was defined as an endothelium-mediated dilatation ⬍4.5%, as
this cutoff point is reported to predict the occurrence of coronary
events.29
Uterine artery resistance, determined to test whether the previous
placentation related disorders were associated with a persistent local
increased vasoconstriction, was evaluated by transvaginal ultrasonography performed between 8:00 AM and 12:00 PM, using a
GAIA 8800 MT and Voluson V730 (Medison) with a 5-MHz
transvaginal phase array transducer as described by others.30 Resistance index represents the mean of right and left uterine arteries.
Endometrial width was determined by echography at the end of the
examination.
L-arginine and ADMA plasma determination were performed in
blood that was extracted in EDTA containing tubes, centrifuged, and
its plasma stored frozen at ⫺70°C until assay. Plasma levels of
L-arginine and ADMA were measured by high-performance liquid
chromatography (HPLC) with fluorescence detection with Millennium 32 software (Waters Corporation) for instrument control and
data acquisition, adapted from Pi et al31 and Teerlink et al.32 Briefly,
0.2 mL of plasma were extracted using MCX OASIS cation
exchange columns (Waters Corporation), derivatized with AccQ
Fluor Reagent kit, and the derivatives were separated by HPLC using
a C18 column (Beckmann, 4.5⫻250 mm, 5-m particle size) with a
Bio-Rad reverse-phase microguard column and monitored by fluorescence detection. L-arginine, homoarginine as internal standard,
and ADMA were eluted at 15, 23, and 30 minutes, respectively. The
recovery of L-arginine and ADMA was 90⫾7.3% (SEM) and
89⫾3.1%, respectively. Accuracy, expressed as recovery of added
analyte from spiked plasma samples (n⫽5), was 107% and 108% for
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L-arginine and ADMA, respectively. The intra-assay and interassay
coefficients of variation were 3.9% and 9.8% for L-arginine and
9.9% and 8.9% for ADMA.
VEGF and sFlt-1 serum measurements were performed by ELISA
according to the manufacturer’s instructions (R&D Systems).18
Briefly, samples diluted in 0.1% BSA/Tris-buffered saline were
incubated in a 96-well plate precoated with a capture antibody
directed against VEGF or sFlt1 for 2 hours. The wells were then
washed 3 times in 0.05% Tween 20/PBS and incubated with a
secondary antibody against VEGF or sFlt1 conjugated to horseradish
peroxidase for 2 additional hours. The plates were washed again 3
times, substrate solution containing H2O2 and tetramethylbenzidine
was added, and optical density was determined at 450 nm. All of the
assays were done in duplicate, and the protein levels were calculated
using a standard curve derived from known concentrations of the
respective recombinant proteins.
Nitrites were determined in serum by chemiluminescence using a
Sievers Instruments NO analyzer as described previously.17 Briefly,
samples were injected into a purge vessel containing vanadium,
which converted nitrites and nitrates into NO. The NO was then
propelled by the inert gas nitrogen into a reaction chamber where NO
was oxidized into NO2 by ozone. The chemiluminescence associated
with this reaction was read in millivolts and recorded as a deflection
on a data recorder. The area under the curve reflected the NO content
in the samples. This was read initially as luminescence units, which,
when divided by the slope of a standard curve, gave the precise NO
content. Every sample was measured at least twice and the mean
taken as representative of the NO content. The measurements were
converted to micromoles of NO per liter.
Data are presented as mean⫾SEM. Data were analyzed by
ANOVA, posthoc tests, Student t test, and 2 test, using Sigma Stat
software (Sigma). A P value ⬍0.05 was considered significant.

Results
Patients with previous severe PE and with recurrent pregnancy
loss showed a significant decrease in endothelial-dependent
dilation, a higher rate of endothelial dysfunction compared with
controls, and lower serum nitrite levels (Figure and Tables 3
and 4). Of 8 patients with positive antiphospholipid antibodies,
only 2 subjects, 1 in each group with placentation-related defects,
had endothelial dysfunction.
Serum cholesterol was significantly elevated in women
with previous preeclampsia and with recurrent abortion. A
trend to an inverse correlation was found between serum
cholesterol levels and endothelial-mediated vasodilatation
(r⫽⫺0.267; P⫽0.069) in the whole study population. Uric
acid (Table 2), L-arginine, ADMA, VEGF, and sFlt1 were
similar in all of the studied groups (Table 4).
Patients presenting with previous PE had a higher, although normal, diastolic and mean blood pressure than
control subjects or patients with previous recurrent pregnancy
loss (Table 2). Their parental history of CVD showed a higher
frequency of CVDs (2⫽7.4, P⬍0.01 and 2⫽4.7, P⬍0.05
for hypertension and premature atheromatous disease, respectively; Table 5). On the other hand, all of the groups had
similar birth weights (Table 1). No significant differences in
uterine artery resistance index were observed among the 3
study groups (data not shown), and subjects with recurrent
miscarriages had decreased endometrial width (8.0⫾0.3 versus 9.3⫾0.6 and 10.1⫾0.5 mm for the remaining 2 groups).

Discussion
We tested the hypothesis that endothelial dysfunction would
be increased in subjects with previous severe preeclampsia, or
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TABLE 4. Plasma L-Arginine and ADMA, and Serum Nitrites,
VEGF, and sFlt1 in Patients With Previous Severe Preeclampsia,
Recurrent Pregnancy Loss, And Control Subjects

Variables
L-Arginine,

M/L

ADMA, M/L
L-Arginine/ADMA

Control
(n⫽22)

Severe
Preeclampsia
(n⫽25)

Recurrent
Pregnancy
Loss (n⫽29)

64.1⫾4.1

66.6⫾3.7

66.2⫾3.6

0.59⫾0.02
ratio

111.6⫾8.0

0.61⫾0.06
121.8⫾12.9

0.57⫾0.02
121.4⫾8.2

Nitrites, M/L

22.3⫾0.6

16.4⫾1.2*

16.0⫾1.9*

VEGF, pg/mL

142.5⫾35.0

199.5⫾62.1

189.3⫾61.6

sFlt-1, pg/mL

388⫾27.5

331⫾33.5

356⫾43.8

Mean⫾SEM.
*P⬍0.05 vs controls by ANOVA and posthoc test.

Endothelium-mediated vasodilatation, expressed as the percentage change in the brachial arterial diameter between baseline
and 60 seconds after deflation, in control subjects, preeclamptic
subjects, and women with recurrent pregnancy loss. Horizontal
line represents mean value; Œ, women with antiphospholipid
syndrome; and 䡬 and ‚, with recurrent PE. *P⬍0.05 and
†P⬍0.01.

in patients with recurrent abortions, compared with subjects
undergoing healthy pregnancies. The hypothesis was based
on the belief that endothelial dysfunction may be a predisposing factor for abnormal placentation6 and may represent
the link between placentation defects and the development of
CVD. We studied all of the subjects in a fixed day of the
menstrual cycle that corresponds with the uterine receptivity
window and purposely did not include subjects who had
known CV risk factors, such as hypertension, obesity/overweight, metabolic syndrome, or smoking. Although we recognize that these exclusion criteria eliminated many subjects
who develop preeclampsia, it allowed us to evaluate endothelial function in women who, with the exception of anTABLE 3. Endothelial Function in Controls and Patients With
Previous Severe Preeclampsia and Recurrent Pregnancy Loss
Control
(n⫽22)

Severe
Preeclampsia
(n⫽25)

Recurrent
Pregnancy
Loss (n⫽29)

Brachial artery basal
diameter, mm

0.30⫾0.01

0.31⫾0.01

0.30⫾0.01

Endothelium-dependent
vasodilatation, %

10.9⫾0.8

6.4⫾1.3*

5.7⫾1.1†

Endothelium-independent
vasodilatation, %

30.0⫾1.67

25.6⫾2.65

23.8⫾1.98*

Subjects with endothelial
dysfunction, %

4.5

40‡

45‡

Variables

Data are expressed as mean⫾SEM.
*P⬍0.05 and P⬍0.001 by ANOVA and posthoc test; 2⫽8.20 and 10.19;
‡P⬍0.01 for preeclamptic subjects and recurrent pregnancy groups vs control
subjects.

tiphospholipid syndrome, had “pure” preeclampsia or recurrent abortions who otherwise had no evidence for CV risk.
Our primary finding was the endothelial dysfunction was
present far from pregnancy in ⬇50% of subjects with
recurrent abortions or with a history of previous severe
preeclampsia, and this could not be attributed to changes in
maternal birth weight, antiphospholipid antibodies, uric acid,
L-arginine, ADMA, VEGF, or sFlt-1 levels. Although endothelium-mediated vasodilatation and serum cholesterol
showed a trend to correlate negatively, this association did
not attain statistical significance. Because a negative nonsignificant correlation between total cholesterol and triglycerides has been found in nonpregnant women of similar age,33
further studies, including fractioned/oxidized lipoproteins,
deserve to be performed. In addition, women with both types
of placentation defects had decreased flow-mediated vasodilatation and lower nitrite and higher cholesterol serum levels,
whereas the PE group presented higher arterial blood pressures within the normotensive range and a greater prevalence
of parental hypertension and premature atheromatous disease
than control subjects or subjects with recurrent miscarriages.
Interestingly, there were differences in measurements of
endothelial function between preeclamptic subjects and those
with recurrent abortions. Although both demonstrated impaired brachial reactivity and lower nitrite levels, suggestive
of a defect in endothelial NO release, only endotheliumindependent vasodilatation attained a significant decrease in
TABLE 5. Parents With Hypertension and/or Premature
Atheromatous Disease in the Control, Preeclampsia, and
Recurrent Pregnancy Loss Groups
Control
(n⫽44)

Severe
Preeclampsia
(n⫽49)

Recurrent
Pregnancy
Loss (n⫽57)

Hypertension, %

6 (14)

19 (39)*

16 (28)

Premature atheromatous
disease, %‡

0 (0)

Parental Cardiovascular
Conditions

5 (10)†

4 (7)

2⫽7.4 and 4.7.
*P⬍0.01 and †P⬍0.05 for hypertension and premature atheromatous
disease respectively.
‡Myocardial infarction, coronary bypass, stroke, peripheral vascular disease,
or aortic aneurysm before 60 years of age; data on 1 father were absent in
each group with placentation-related disorders.
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the group with recurrent abortions. In this last group, the
precocity and intensity of the clinical expression of the
placentation defect and the decreased vascular smooth muscle
dilatation and endometrial width may be consequences of an
increased vascular damage not yet expressed by higher
arterial blood pressure.
Subjects with preeclampsia frequently have elevated blood
levels of uric acid, sFlt-1, and ADMA, and it has been
proposed that all 3 factors have a role in the endothelial
dysfunction and vascular injury that accompanies the clinical
expression of this condition.18,34 –36 However, an important
finding in this study was that none of these factors were
elevated after pregnancy despite the persistence of endothelial dysfunction. This supports the notion that hyperuricemia
results from the decreased renal excretion that occurs secondary to pre-eclampsia, whereas ADMA and sFlt-1 derive from
the ischemic placenta, and that in postpartum, other factors
are causing the persistent endothelial dysfunction. It is
important to consider that we excluded subjects who had a
previous obesity or hypertension, who are at increased risk
for developing preeclampsia. It is quite possible that, in those
subjects, endothelial dysfunction may be driven by cholesterol, uric acid, and ADMA, which might continue to be
expressed after pregnancy. Future studies will have to address
this possibility.
One possibility is that the subjects with placentation
defects may represent an extreme of the normal Gaussian
curve for endothelial function and that it is this latter group
that is most predisposed to preeclampsia and/or recurrent
abortions and future CV disease. Although variants in endothelial NO synthase expression have not been conclusively
related to preeclampsia,37,38 it remains to be elucidated
whether in subjects selected according to the presence of
endothelial dysfunction mutations in NO synthase coding
genes prevail.
The greater prevalence of parental hypertension in the
patients having previously suffered a preeclamptic pregnancy
could be biased by the fact that the hypertensive pregnancy
could render a family group more sensitive to recall/detect
hypertension. However, this observation is consistent with
other published studies39,40 and with the facts that preeclamptic subjects also had an increased prevalence of parental
premature CVD and that women with recurrent abortion
double the prevalence of parental hypertension in controls,
without attaining statistical significance. The association
between preeclampsia and parental history of CVDs may
reflect a link among genetic, biochemical, environmental, and
behavioral components, which predispose an individual to
higher blood pressure and atheromatous disease.
Our data provide further evidence of functional, biochemical, and familial cardiovascular risk markers that may contribute to later CVD in women presenting with severe
preeclampsia, as demonstrated by increasing epidemiological
studies. Moreover, it adds women with recurrent abortion as
a potential population at CV risk, supporting the study by Pell
et al,5 which demonstrated in them an independent association with cerebrovascular disease. The need to identify
whether this association may be extrapolated to moderate
preeclampsia deserves to be addressed.
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In conclusion, endothelial dysfunction, characterized by a
lower endothelium-mediated vasodilatation and lower blood
nitrites, is present in a significant number of subjects with a
history of severe preeclampsia and spontaneous recurrent
abortions. We suggest that endothelial dysfunction may be a
triggering mechanism for both these pregnancy-associated
complications, as well as for future risk for CV disease. The
presence of the vascular abnormalities in women with recurrent miscarriage, who were not exposed to the vascular
damage of an established PE, supports the hypothesis that, in
a subgroup of women, endothelial dysfunction constitutes a
cause of placentation defect, which in PE is latter aggravated
by the factors liberated by the ischemic placenta into the
maternal circulation.22,23 Although speculative, we postulate
that an adequate maternal endothelial function represents a
prerequisite for the reception of the invasive trophoblasts by
the spiral arteries, which modify their morphology and
replace their endothelium. A spiral artery healthy endothelium supposedly constitutes the target of the vasodilator factors
synthesized by approaching trophoblasts (NO, bradykinin,
and angiotensin-(1–7) among others41,42).

Perspectives
The findings of the present study lead to the exciting
hypothesis that correction of the endothelial dysfunction early
in pregnancy may help prevent obstetric complications derived from placentation-related disorders and eventually may
modify the cardiovascular risk later in life. We have reported
recently that patients with endothelial dysfunction detected
preconceptionally or in early pregnancy have significant
improvement of their reproductive outcome when supplemented with L-arginine during pregnancy.43 We need to
pursue studies to test whether endothelial dysfunction represents a cause of placentation defects, identify obstetric
patients who present intragestationally or in previous pregnancies with clinical signs of a defective placentation, and
introduce interventions to improve endothelial function.

Acknowledgments
The authors are indebted to MEGODUC (Médicos Gineco-Obstetras
Universidad Católica) for their valuable support in the use of
ultrasound facilities for the present study. In addition we thank the
colleagues who referred some of the study subjects.

Sources of Funding
This study was supported by Fondecyt 1980958 and Gynopharm
Division of Recalcine Pharmaceutical Company.

Disclosures
None.

References
1. Arnadottir GA, Geirsson RT, Arngrimsson R, Jonsdottir LS, Olafsson O.
Cardiovascular death in women who had hypertension in pregnancy: a
case-control study. BJOG. 2005;112:286 –292.
2. Irgens HU, Reisaeter L, Irgens LM, Lie RT. Long term mortality of
mothers and fathers after pre-eclampsia: population based cohort study.
BMJ. 2001;323:1213–1217.
3. Ray JG, Vermeulen MJ, Schull MJ, Redelmeier DA. Cardiovascular
health after maternal placental syndromes (CHAMPS): population-based
retrospective cohort study. Lancet. 2005;366:1797–1803.

6

Hypertension

January 2007

4. Smith GC, Pell JP, Walsh D. Pregnancy complications and maternal risk
of ischaemic heart disease: a retrospective cohort study of 129,290 births.
Lancet. 2001;357:2002–2006.
5. Pell JP, Smith GC, Walsh D. Pregnancy complications and subsequent
maternal cerebrovascular events: a retrospective cohort study of 119,668
births. Am J Epidemiol. 2004;159:336 –342.
6. Brosens IA, Robertson WB, Dixon HG. The role of the spiral arteries in
the pathogenesis of preeclampsia. Obstet Gynecol Annu. 1972;1:177–191.
7. Celermajer DS, Sorensen KE, Gooch VM, Spiegelhalter DJ, Miller OI,
Sullivan ID, Lloyd JK, Deanfield JE. Non-invasive detection of endothelial dysfunction in children and adults at risk of atherosclerosis. Lancet.
1992;340:1111–1115.
8. Fuster V, Moreno PR, Fayad ZA, Corti R, Badimon JJ. Atherothrombosis
and high-risk plaque: part I: evolving concepts. J Am Coll Cardiol.
2005;46:937–954.
9. Ross R. Atherosclerosis–an inflammatory disease. N Engl J Med. 1999;
340:115–126.
10. Chambers JC, Fusi L, Malik IS, Haskard DO, De Swiet M, Kooner JS.
Association of maternal endothelial dysfunction with preeclampsia.
JAMA. 2001;285:1607–1612.
11. Lampinen KH, Ronnback M, Kaaja RJ, Groop PH. Impaired vascular
dilatation in women with a history of pre-eclampsia. J Hypertens. 2006;
24:751–756.
12. Agatisa PK, Ness RB, Roberts JM, Costantino JP, Kuller LH,
McLaughlin MK. Impairment of endothelial function in women with a
history of preeclampsia: an indicator of cardiovascular risk. Am J Physiol.
2004;286:H1389 –H1393.
13. Norman M, Martin H. Preterm birth attenuates association between low
birth weight and endothelial dysfunction. Circulation. 2003;108:
996 –1001.
14. Barker DJ. In utero programming of cardiovascular disease. Theriogenology. 2000;53:555–574.
15. Barker DJ, Bagby SP. Developmental antecedents of cardiovascular
disease: a historical perspective. J Am Soc Nephrol. 2005;16:2537–2544.
16. Martyn CN, Barker DJ. Reduced fetal growth increases risk of cardiovascular disease. Health Rep. 1994;6:45–53.
17. Khosla UM, Zharikov S, Finch JL, Nakagawa T, Roncal C, Mu W,
Krotova K, Block ER, Prabhakar S, Johnson RJ. Hyperuricemia induces
endothelial dysfunction. Kidney Int. 2005;67:1739 –1742.
18. Maynard SE, Min JY, Merchan J, Lim KH, Li J, Mondal S, Libermann
TA, Morgan JP, Sellke FW, Stillman IE, Epstein FH, Sukhatme VP,
Karumanchi SA. 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 – 658.
19. McAllister AS, Atkinson AB, Johnston GD, Hadden DR, Bell PM,
McCance DR. Basal nitric oxide production is impaired in offspring of
patients with essential hypertension. Clin Sci (Lond). 1999;97:141–147.
20. Lenzen H, Tsikas D, Boger RH. Asymmetric dimethylarginine (ADMA)
and the risk for coronary heart disease: the multicenter CARDIAC study.
Eur J Clin Pharmacol. 2006;62(suppl 13):45– 49.
21. Valkonen VP, Paiva H, Salonen JT, Lakka TA, Lehtimaki T, Laakso J,
Laaksonen R. Risk of acute coronary events and serum concentration of
asymmetrical dimethylarginine. Lancet. 2001;358:2127–2128.
22. Roberts JM. Endothelial dysfunction in preeclampsia. Semin Reprod
Endocrinol. 1998;16:5–15.
23. Roberts JM. Objective evidence of endothelial dysfunction in preeclampsia. Am J Kidney Dis. 1999;33:992–997.
24. ACOG practice bulletin. Diagnosis and management of preeclampsia and
eclampsia. Number 33. Obstet Gynecol. 2002;99:159 –167.
25. Sibai BM, Gordon T, Thom E, Caritis SN, Klebanoff M, McNellis D,
Paul RH. Risk factors for preeclampsia in healthy nulliparous women: a
prospective multicenter study. The National Institute of Child Health and
Human Development Network of Maternal-Fetal Medicine Units. Am J
Obstet Gynecol. 1995;172:642– 648.
26. England LJ, Levine RJ, Qian C, Morris CD, Sibai BM, Catalano PM,
Curet LB, Klebanoff MA. Smoking before pregnancy and risk of gesta-

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

tional hypertension and preeclampsia. Am J Obstet Gynecol. 2002;186:
1035–1040.
Celermajer DS, Sorensen KE, Georgakopoulos D, Bull C, Thomas O,
Robinson J, Deanfield JE. Cigarette smoking is associated with doserelated and potentially reversible impairment of endothelium-dependent
dilation in healthy young adults. Circulation. 1993;88:2149 –2155.
Germain AM, Irribarra V, Valdés G, Romanik MC, Leighton F, Mardones F,
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