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Differences in vascular reactivity between pregnant
women with chronic hypertension and preeclampsia

Toshitaka Mori, Kazushi Watanabe, Ai Iwasaki, Chiharu Kimura, Hiroshi Matsushita, Koichi Shinohara
and Akihiko Wakatsuki

The purpose of this study was to evaluate the distinct pathogenic mechanisms underlying chronic hypertension in pregnancy

and preeclampsia in terms of oxidative stress and vascular reactivity. A total of 17 women with uncomplicated pregnancies,

30 women with preeclampsia and 17 women with chronic hypertension were evaluated. We measured serum derivatives of

reactive oxygen metabolites (d-ROMs; marker of oxygen free radicals), flow-mediated vasodilation (FMD; marker of endothelial

function) and intima-media thickness in the carotid artery (IMT; marker of atherogenesis) during pregnancy and 1 month after

delivery. Serum d-ROM concentrations were significantly higher in women with chronic hypertension and severe preeclampsia

than in the control group during pregnancy. d-ROM concentrations in all groups significantly decreased to similar levels 1

month after delivery. FMD was significantly lower during pregnancy in preeclamptic and chronic hypertension groups compared

with the control group. FMD in preeclamptic groups significantly increased and normalized to control levels after delivery.

Similarly, FMD in the chronic hypertension group significantly increased after delivery but was still lower. IMT in the chronic

hypertension group was significantly higher than that in control and preeclamptic groups. These findings suggest that

endothelial dysfunction induced by enhanced oxidative stress is reversible in women with preeclampsia, whereas impaired

vascular reactivity may be associated with atherosclerotic changes in women with chronic hypertension.
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INTRODUCTION

Preeclampsia is associated with the onset of hypertension and
proteinuria after 20-week gestation and is a major cause of maternal,
fetal and neonatal morbidity and mortality, affecting B4% of all
pregnancies.1 Endothelial dysfunction has an important role in the
pathogenesis of preeclampsia.2 The vascular endothelium regulates
vascular smooth muscle tone by producing vasoconstrictors, such
as endothelin-1 and thromboxane, and vasodilators, such as pro-
stacyclin and nitric oxide. Oxidative stress may cause endothelial
dysfunction, which may lead to hypertension due to reduced release
of vasodilator agents such as nitric oxide, resulting in vasospasms.3,4

Several studies have revealed that free radicals increase the rate of
maternal vascular malfunction in preeclampsia.5–9 Markers of lipid
peroxidation are increased in the plasma and placenta of women with
preeclampsia.10–12 We previously observed an increased production
of oxygen free radicals without a decrease in antioxidant levels during
pregnancy in women with preeclampsia.13 Oxygen free radicals may
be generated from the placenta in women with preeclampsia,
although its concentrations decrease after delivery.14,15

Flow-mediated vasodilation (FMD) in the brachial arteries assessed
by high-resolution ultrasound is widely used to measure endothelial
function. The technique provokes release of nitric oxide, resulting in

vasodilation that can be quantitated as an index of vasomotor
function. As reported in our previous study, FMD in brachial arteries
decreased and correlated negatively with concentrations of oxygen free
radicals in preeclamptic women, indicating that oxidative stress may
impair endothelial function. We also demonstrated that enhanced
oxidative stress and impaired vascular reactivity in preeclamptic
women recovered to normal levels after delivery.13 Elevated blood
pressure is accompanied by impaired vascular reactivity and an
increase in diameter and intima-media thickness (IMT) of the
carotid artery (a marker of atherogenesis) in patients with
hypertension. Thus, increased IMT is considered a consequence of
atherosclerotic diseases such as coronary artery disease.16,17 As
chronic hypertension in pregnancy is associated with increased rates
of severe maternal and fetal outcomes, and hypertension frequently
persists after delivery and requires continuous medical treatment,18–20

the pathogenesis of chronic hypertension in pregnancy appears to
differ from that of preeclampsia.

In the present study, we hypothesized that vascular reactivity,
oxidative stress and atherosclerotic changes may contribute to the
pathogenesis of chronic hypertension in pregnancy. To this end, we
measured serum derivatives of reactive oxygen metabolites (d-ROMs),
FMD in the brachial artery and IMT in the carotid artery in women
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with chronic hypertension during pregnancy and 1 month after
delivery and compared these parameters with those in normal and
preeclamptic women.

METHODS

Study participants
Between 1 April 2010 and 31 March 2012, we evaluated 30 women with

preeclampsia, 11 women with chronic hypertension and 17 women with

uncomplicated pregnancies, which were all singleton pregnancies. Blood

pressure (BP) measurements were performed in the sitting position after

10 min rest. Enrollment criteria for preeclampsia included systolic BP above

140 mm Hg or diastolic BP above 90 mm Hg after 20 weeks’ gestation and

proteinuria above 300 mg per 24 h without a urinary tract infection. Women

with preeclampsia were classified as mild (n¼ 14; systolic BP X140 mm Hg

and o160 mm Hg or diastolic BP X90 mm Hg and o110 mm Hg and

proteinuria X300 mg and o2 g per 24 h) or severe (n¼ 16; systolic BP

X160 mm Hg or diastolic BP X110 mm Hg and proteinuria X2 g per 24 h).

Chronic hypertension in pregnant women was defined as systolic BP above

140 mm Hg or diastolic BP above 90 mm Hg that was present prior to

pregnancy. Women with unknown BP before pregnancy were diagnosed based

on the presence of hypertension before 20 weeks’ gestation. None of the

preeclamptic participants presented with hemolysis, elevated liver enzymes or

low platelet (HELLP) syndrome. A group of women with uncomplicated

pregnancies matched for maternal and gestational age served as controls. All

women in the control group had a normal pregnancy and full-term delivery.

Patients with any diseases, such as diabetes mellitus, gestational diabetes,

coagulation disorders, thyroid disease and renal diseases, were excluded from

participation. None of the participants smoked, used caffeine or alcohol, or

were currently taking any medication known to influence lipoprotein

metabolism and hypertension. All control women delivered by cesarean section

before the onset of labor or previous cesarean section or breech presentation.

All studies were conducted between 9000 and 1100 hours after a 12-h fast

during pregnancy and 1 month after delivery. Each participant provided

written informed consent, and the Ethics Committee of Aichi Medical

University approved the study.

Glucose, glycated hemoglobin and lipid concentrations
Blood samples were collected from participants during pregnancy and 1 month

after delivery. We determined plasma glucose and glycated hemoglobin by the

hexokinase technique and HPLC, respectively. The levels of total cholesterol,

high-density lipoprotein (HDL), low-density lipoprotein (LDL) and total

triglyceride in the plasma were measured enzymatically.21

Derivatives of reactive oxygen metabolites
Blood samples were collected from participants during pregnancy and 1 month

after delivery. Serum d-ROMs were analyzed using the Free Radical Analytical

System (FRAS) 4 (Diacron, Parma, Italy), which measures serum levels of

organic hydroperoxides that are indicative of the levels of free radicals they

originated from.22–24 In an acidic buffer, hydroperoxides react with transition

metal ions liberated from proteins and are converted to alkoxyl and peroxyl

radicals that can oxidize an additive (N, N-diethyl-para-phenylenediamine) to

the corresponding radical cation species. The concentration of this persistent

species was determined using spectrophotometry (505 nm). d-ROM results are

expressed as Carratelli units (CARR U) by the name of the Italian research

chemist Mauro Carratelli: 1 CARR U corresponds to 0.08 mg per 100 ml H2O2.

Endothelial function
Endothelial function was measured using FMD in the brachial artery assessed

by high-resolution ultrasound. As several factors affect the magnitude of FMD,

including diet, time and medication, the measurement conditions should be

consistent. Patients rested in a supine position with a 301 tilt for 10 min prior

to measuring vasodilatory responses using high-resolution Doppler ultrasono-

graphy equipment (VolusonE8, GE Healthcare, Zipf, Austria) with a 10-MHz

transducer to image the right brachial artery. The brachial artery was selected

because it is easily accessible using ultrasound. A non-tortuous segment of the

brachial artery was scanned longitudinally 4–5 cm above the antecubital fossa

to obtain a clear image. After the transducer position was determined, the skin

was marked and the arm was maintained in the same position throughout the

study. After obtaining baseline images of the brachial artery and determining

arterial flow velocity, a BP cuff encircling the proximal portion of the arm was

inflated to 250 mm Hg for 5 min and suddenly deflated. Increased blood flow

after sudden cuff deflation, or reactive hyperemia, results in FMD. Arterial flow

velocity was determined and the brachial artery was imaged 1 min after cuff

deflation. BP and heart rate were monitored and recorded throughout the

investigation. The brachial artery diameter was measured from the anterior

and posterior walls of the media-adventitia interface (‘m’ line) at the end of

diastole identified by the onset of the R-wave. Four cardiac cycles were

analyzed for each scan and averaged. Vessel diameters were measured without

knowledge of participant information. FMD was calculated as the percent

increase in arterial diameter during hyperemia and used as an index of

endothelium-dependent vasodilation.25,26 In our laboratory, intraobserver and

interobserver variability for repeat measurements were 0.03±0.02 and

0.05±0.03 mm, respectively. The variability for FMDs performed on two

separate days was 2.1±0.9%.

Intima-media thickness
Ultrasound is widely used to assess IMT, wall thickness in carotid arteries,

aging and hypertension. IMT was defined as thickness of the tunica intima and

the tunica media. As the adventitia cannot be distinguished from surrounding

structures, measurement of IMT is necessary to assess the two innermost layers

of the arterial wall.27 Participants were examined supine with the head rotated

451 towards the left side. Images of the common carotid artery were centered

15 mm below the bulb. IMT was measured in the distal straight portion of the

right common carotid artery using high-resolution Doppler ultrasonography

equipment (VolusonE8, GE Healthcare) with a 10-MHz linear-array

transducer.

Statistical analyses
SPSS Statistical Software version 14.0 for Windows (SPSS Inc., Chicago, IL,

USA) was used for statistical analyses. Data are expressed as mean±standard

deviation (s.d.). Patient characteristics, serum d-ROM concentrations, FMD

and IMT were compared using one-way analysis of variance followed by

Scheffe’s multiple comparisons. We analyzed differences in patient character-

istics, d-ROM concentrations and FMD during pregnancy and 1 month after

delivery using Student’s unpaired t-test when there was a normal distribution

or using the Mann–Whitney test when the parameters were not normally

distrbuted. Po0.05 was considered statistically significant.

RESULTS

Maternal and gestational age and body mass index were not
significantly different between the mild and severe preeclamptic
groups, chronic hypertension group and the control group. Plasma
hematocrit, creatinine and uric acid levels during pregnancy were
significantly elevated in the severe preeclamptic group compared with
the other groups (Table 1).

The severe preeclamptic participants had significantly higher levels
of plasma triglyceride and LDL levels; however, the levels of other
lipids did not differ significantly among four groups. Plasma
concentrations of blood glucose and glycated hemoglobin did not
differ among the four groups (Table 2).

Systolic and diastolic BPs during pregnancy were significantly
elevated in the mild and severe preeclamptic and chronic hyperten-
sion groups compared with the control group. The systolic and
diastolic BPs 1 month after delivery was significantly decreased in
both of the preeclamptic groups but not in the chronic hypertension
group. There were no significant differences in the baseline brachial
artery diameter and blood flow between any of the four groups
during pregnancy and 1 month after delivery (Table 3).
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Table 1 Subject characteristics

Normal (n¼17) Mild preeclampsia (n¼14) Severe preeclampsia (n¼16) Chronic hypertension (n¼17)

During

Pregnancy

1 Month after

delivery

During

pregnancy

1 Month after

delivery

During

pregnancy

1 Month after

delivery

During

pregnancy

1 Month

after delivery

Age (years) 32.8±5.0 — 33.5±3.8 — 31.0±4.9 — 34.4±5.3 —

Gestational age at test (weeks) 34.5±4.9 — 34.3±4.2 — 33.7±2.4 — 34.1±3.3 —

Parity 1.9±1.1 1.7±0.9 1.6±1.4 1.7±0.8

BMI before pregnancy (kg m�2) 19.6±2.1 — 24.3±7.3 — 21.3±3.7 — 24.7±6.8 —

Hematocrit (%) 29.3±8.3 39.2±2.0g 31.5±2.5 34.8±2.3a,g 37.8±3.6a,d 36.0±2.1b 33.7±4.1 40.2±2.7c,e,h

Platelet (�104) 22.2±4.6 27.5±10.1h 25.0±8.2a 28.4±8.8 21.2±5.2 33.2±11.4h 24.1±6.4 24.9±4.8

AST (IU l�1) 16.0±3.9 22.4±7.4 13.6±4.1 18.0±7.5 22.6±5.9b,c 19.8±5.3 14.0±6.2f 26.0±6.9

ALT (IU l�1) 9.2±2.0 15.1±2.4h 8.8±5.2 15.6±7.6 18.8±12.9a,d 20.5±9.3 8.3±2.5f 26.0±3.4b,d,h

BUN (mg dl�1) 7.9±2.8 11.6±4.4 8.2±3.5 11.3±1.7 12.2.1±2.7b,d 9.6±2.9h 7.5±0.5 8.8±2.0f

Creatinine (mgdl�1) 0.44±0.07 0.52±0.09 0.50±0.09 0.55±0.06 0.61±0.16a 0.57±0.11 0.46±0.08e 0.60±0.11

Uric acid (mg dl�1) 4.0±0.8 4.4±06 5.0±1.3 5.3±0.9 6.2±1.4a 5.9±0.6a 4.8±1.0f 5.8±1.1b

Abbreviations: ALT, alanine aminotransferase; AST, asparate aminotransferase; BMI, body mass index; BUN, blood urea nitrogen,
Data are expressed as mean±s.d.
aPo0.01, bPo0.05 as compared with normal,
cPo0.01, dPo0.05 as compared with mild preeclampsia,
ePo0.01, fP o0.05 as compared with severe preeclampsia,
gPo0.01, hPo0.05 as compared with during pregnancy.

Table 2 Serum glucose and lipids

Normal Mild preeclampsia Severe preeclampsia Chronic hypertension

During

pregnancy

1 Month after

delivery

During pr

egnancy

1 Month after

delivery

During

pregnancy

1 Month after

delivery

During

pregnancy

1 Month after

delivery

Fasting blood sugar (mgdl�1) 79.7±7.3 — 80.5±8.3 — 79.4±10.5 — 82.3±6.2 —

Glycated hemoglobin (%) 4.8±0.2 — 5.0±0.2 — 4.9±0.2 — 5.1±0.2 —

Total cholesterol (mgdl�1) 236±53 220±37 240±35 210±27d 269±43 237±46c 242±41 216±33d

Triglyceride (mgdl�1) 132±56 80±43c 211±114 113±54d 267±108a 112±42c 214±104 91±42c

HDL cholesterol (mg dl�1) 73±11 79±15 73±13 70±15 83±23 66±14b,c 71±20 66±17

LDL cholesterol (mgdl�1) 106±32 115±35 141±38 131±18 163±44a 148±39b 124±37 136±26

Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein,
Data are expressed as mean±s.d.
aPo0.01, bPo0.05 as compared with normal,
cPo0.01, dPo0.05 as compared with during pregnancy.

Table 3 Blood pressure, heart rate, artery diameter, blood flow

Normal Mild preeclampsia Severe preeclampsia Chronic hypertension

During

pregnancy

1 Month after

delivery

During

pregnancy

1 Month after

delivery

During

pregnancy

1 Month after

delivery

During

pregnancy

1 Month after

delivery

Systolic BP (mmHg) 116.6±11.9 111.9±10.6 144.7±7.8a 126.8±10.7h,b 161.3±21.4a,c 128.1±8.7g,b 148.2±6.8a 140.7±17.4a,d,f

Diastolic BP (mmHg) 72.9.6±7.1 71.0±9.5 85.4±12.1a 76.0±9.6 101.0±1.4b 80.2±6.4b,d 87.1±5.7a,e 85.5±11.0a,f

Heart rate (beats min�1) 77.8±6.9 74.5±8.5 74.4±10.1 79.4±12.3 77.5±9.9 76.5±6.6 79.0±6.0 79.1±4.4

Baseline diameter (mm) 3.4±0.4 3.1±0.3 3.5±0.4 3.0±0.2 3.5±0.2 3.2±0.2 3.7±0.2 3.2±0.2

Baseline flow (mlmin�1) 204±79 119±43h 227±61 122±68h 201±118 137±52 224±118 171±55

Hyperemic flow (ml min�1) 389±169 288±146 447±161 336±105 376±102 393±92 423±37 303±114

Abbreviations: BP, blood pressure. Data are expressed as mean±s.d.
aPo0.01, bPo0.05 as compared with normal,
cPo0.01, dPo0.05 as compared with mild preeclampsia,
ePo0.01, fPo0.05 as compared with severe preeclampsia,
gPo0.01, hPo0.05 as compared with during pregnancy.
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During pregnancy, women in the severe preeclamptic
(716.5±270.1 CARR U, Po0.05) and chronic hypertension
(722.8±140.6 CARR U, Po0.05) groups had significantly higher
plasma d-ROM concentrations compared with the control group
(565.5±122.9 CARR U). d-ROM concentrations in both preeclamptic
groups, the chronic hypertension group and the control group were
significantly decreased 1 month after delivery. Concentrations 1
month after delivery did not significantly differ between the groups
(Figure 1).

FMD during pregnancy was significantly decreased in both
preeclamptic groups (mild, 5.6±2.5%, Po0.001; severe, 2.6±2.2%,
Po0.001) and the chronic hypertension group (3.6±2.3%, Po0.001)
compared with the control group (9.3±2.9%). FMD in both
preeclamptic groups was increased 1 month after delivery, and it
was not significantly different from the controls. Although FMD in
the chronic hypertension group 1 month after delivery was increased,
it was significantly lower than the other groups (Figure 2). FMD was
negatively correlated with d-ROM concentrations in preeclamptic
women (r¼ �0.472, Po0.05). No correlation was observed in the
chronic hypertension group (Figures 3a and b).

IMT in the chronic hypertension group (0.50±0.08 mm) was
significantly higher than the other groups (controls, 0.25±0.05 mm,
Po0.001; mild, 0.30±0.06 mm, Po0.001; severe, 0.31±0.07 mm,
Po0.001). There was no difference between both preeclampsia
groups and the controls (Figure 4).

DISCUSSION

In the present study, serum d-ROM concentrations increased during
pregnancy, and decreased after delivery in women with preeclampsia
and chronic hypertension. These results indicate that, whereas
oxidative stress increased during pregnancy, it normalized after
delivery in both groups, consistent with our previous report.13 We
speculate that increased oxygen free radicals may originate from the
placenta in preeclamptic women because their levels tended to
decrease 5 days after delivery of the placenta.28 Wang et al.29 also
demonstrated that placental mitochondria contribute to the abnormal
increase in lipid peroxidation that occurs in the preeclamptic placenta
by both an increase in their numbers and susceptibility to
oxidation.Thus, mitochondrial generation of superoxide could be an
important source of oxidative stress in preeclampsia.

Similar to our previous findings,13 FMD decreased during
pregnancy and normalized after delivery in preeclamptic women in
this study. FMD in pregnant women with chronic hypertension also
decreased during pregnancy and increased after delivery but did not
return to normal levels. FMD correlated negatively with d-ROM
concentrations in preeclamptic women but not in pregnant women
with chronic hypertension. These results suggest that, although
enhanced oxidative stress may be associated with impaired vascular
reactivity in patients with preeclampsia, factors other than oxidative
stress may adversely affect endothelial function in patients with
chronic hypertension.

IMT has been used as a clinical marker of atherogenesis, and a
number of studies have reported increased IMT in patients with
atherosclerotic diseases such as myocardial infarction and stroke.30,31

Pregnant women with chronic hypertension had significantly greater
IMT compared with preeclamptic and normotensive pregnant women
in our study. As elevated BP impairs the vascular endothelium,
hypertension may also be associated with endothelial dysfunction in
women with preeclampsia and chronic hypertension. Given that
prolonged exposure to high BP can cause atherosclerotic changes in
the vessel wall, IMT was greater in women with chronic hypertension
compared with women with preeclampsia. Several studies have shown
that a carotid arterial IMT 41.0 mm is associated with an increased
risk of coronary events. In the present study, however, IMT was
o1.0 mm in women with chronic hypertension. As endogenous
estrogen can protect against atherosclerotic changes, premenopausal
women may be at less risk of cardiovascular diseases than
postmenopausal women. We speculate that vascular changes in
pregnant women with chronic hypertension may represent a
preatherogenic state, which can become pathogenic after menopause.
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Many studies have suggested that women with a history of
preeclampsia are at an increased risk of developing cardiovascular
diseases later in life.32–34 Hammad et al.35 found that women with a
history of preeclampsia had a lower FMD and higher BP compared
with women without a history of preeclampsia 1 year after the
pregnancy. Lampinen et al.36 reported that vasodilation was impaired
5–6 years after pregnancy in women with prior preeclampsia. In this
study, endothelial dysfunction in women with preeclampsia improved
soon after delivery. Several factors, such as insulin resistance,
inflammation and oxidative stress, may adversely affect cardiovascular
risk in women with a history of preeclampsia. However, vascular
failure in chronic hypertension may differ from that in preeclampsia,
as evidenced by the fact that the associated endothelial dysfunction
did not normalize after delivery. Women with chronic hypertension in

pregnancy may also be at high risk of developing cardiovascular
diseases later in life. Indeed, elevated BP may be inherent prior to
pregnancy and persistent after delivery, leading to prolonged high BP.
This suggests that factors other than oxidative stress may contribute
to endothelial dysfunction in chronic hypertension. Further research
will be needed to address these issues.
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