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The underlying mechanisms of subsequent 
increased risk of cardiovascular disease with a 
history of gestational hypertension (GH) are not 
known. Untreated hypertensive women (n=155, 
age 43±1 years) underwent ambulatory blood 
pressure (BP) monitoring and assessment of aor-
tic pulse wave velocity (PWV) and augmentation 
index (AIx). Despite identical clinic BP read-
ings, the group of women with GH (n=54) had 
higher (p=.002) ambulatory daytime systolic BP 
levels and a greater number of extreme nocturnal 
dippers (p=.005) than the group without GH. 
Women with GH had higher body mass index 
(p=.003), greater waist circumference (p=.02), 
higher levels of triglycerides (p=.002), lower levels 
of high-density lipoprotein cholesterol (p=.004), 
a higher prevalence of the metabolic syndrome 
(p<.05) and microalbuminuria (p=.004), higher 
plasma renin activity (p=.03), and higher aldos-
terone levels (p=.01). There was no significant 
difference in PWV and AIx between the 2 groups. 
The higher prevalence of the metabolic syndrome, 
microalbuminuria, masked hypertension, and acti-

vation of the renin-angiotensin-aldosterone system 
but not arterial stiffness may explain the subse-
quent propensity to high BP and cardiovascular 
disease in women with GH. (J Clin Hypertens 
(Greenwich). 2008;10:21–26) ©2008 Le Jacq

Some 10% to 12% of all pregnancies are thought 
to be complicated by high blood pressure 

(BP).1,2 In a cohort study of 1 million Canadian 
women, 7% were diagnosed with a maternal pla-
cental syndrome, gestational hypertension (GH), 
preeclampsia, placental abruption, or infarction.3 
Until recently, GH and preeclampsia were consid-
ered to be conditions with no long-term sequelae; 
however, Chesley4 concluded that women with 
eclampsia in any pregnancy, but particularly in the 
first one, had increased numbers of cardiovascu-
lar events. More recently, confirmatory evidence 
showed that such women are at increased risk for 
the development of hypertension and other cardio-
vascular disorders.3

Despite extensive research, the etiology of GH, 
occurring de novo after the 20th week of pregnancy 
and settling within 6 weeks of delivery, with about 
40% of women developing proteinuria (preeclamp-
sia), remains elusive.2 One theory suggests that 
such women are predisposed to develop gestational 
and essential hypertension in later life because of 
weight gain and insulin resistance.2,5 Endothelial 
dysfunction is also implicated.5,6 Of note in women 
with prior preeclampsia, endothelial dysfunction is 
commonly found subsequent to the pregnancy,6,7 
and mildly elevated BP levels are also seen.6 More 
recently, stiffening of the larger arteries has been 
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noted in preeclampsia.8,9 Whether, like endothelial 
dysfunction, there is increased arterial stiffness in 
women with a history of GH and whether this 
contributes to the increased predisposition to 
hypertension in later life is not clear. One study10 
compared 30 women with prior preeclampsia with 
21 women with a history of normal pregnancy to 
show that both endothelium-dependent and -inde-
pendent vasodilatation were attenuated in women 
with previous preeclampsia with no evidence of 
ongoing increased arterial stiffness. Unfortunately, 
a confounding factor in the study group was a 
significantly higher BP level in those with a history 
of preeclampsia. The aim of our study was to com-
pare the metabolic profile and arterial stiffness in 
age- and BP-matched women with a history of GH 
to those without.

Methods
Patient Population
We performed a cross-sectional study to compare 
hypertensive women (n=54) aged 42±11 years with 
a history of GH with an age-matched group (n=101) 
aged 43±8.6 years with similar clinic BP readings 
but no history of GH. The diagnosis of hyperten-
sion was confirmed on the basis of 3 separate clinic 
BP measurements (≥140/90 mm Hg) and daytime 
ambulatory BP ≥135/85 mm Hg. None of the 
women had secondary forms of hypertension, coro-
nary heart disease, valvular heart disorders, arrhyth-
mias, heart failure, or any other significant illnesses 
including renal impairment or diabetes. None were 
receiving antihypertensive medication, hormonal 
preparations, or any other vasoactive drugs. The 
patients gave informed consent and the study had 
Institutional Ethics Committee permission.

Measurements
Body weight, height, waist, and hip measurements 
were recorded in each patient and body mass index 
(BMI) was calculated as weight (kg) divided by 
height squared (m2). Waist circumference was mea-
sured at the midpoint between the bottom of the rib 
cage and the top of the iliac crest at minimal respi-
ration. Hip circumference was measured at the level 
of the widest diameter around the buttocks. The 
metabolic syndrome (MS) was evaluated accord-
ing to the currently used Third Report of the Adult 
Treatment Panel (ATP III)11 definition criteria, that 
is, the presence of 3 or more of the following 5 cri-
teria: abdominal obesity (waist circumference >88 
cm), elevated blood pressure level (≥135/85 mm 
Hg), abnormal fasting glucose level (≥6.1 mmol/L), 
elevated serum triglyceride level (≥1.70 mmol/L), 

and low high-density lipoprotein (HDL) cholesterol 
level (<1.29 mmol/L). Fasting venous blood samples 
were drawn and total cholesterol, HDL cholesterol, 
triglyceride, fasting glucose, and serum creatinine 
levels were measured by routine laboratory meth-
ods. Plasma aldosterone levels and renin activity 
were measured by radioimmunoassay. Early morn-
ing samples of urine were collected for the quanti-
fication of microalbuminuria and calculation of the 
albumin/creatinine ratio.

Hemodynamic Measurements
Participants rested in the supine position for 
15 minutes in a quiet room with a temperature 
of 22°C, and brachial BP was then measured 
using an automated oscillometric device in the 
right arm (Omron Model HEM 705-CP; Omron 
Corporation, Tokyo, Japan) by a trained observer. 
Three BP readings were taken at 1-minute inter-
vals, and the mean was used for data analysis. 
Pulse pressure was calculated as the difference 
between systolic and diastolic BP. Ambulatory 
BP was measured using oscillometric Spacelabs 
90207/10 monitors (Spacelabs Inc, Issaquah, WA) 
to obtain BP readings at intervals of 30 minutes 
from 6 am until 12 pm and intervals of 60 minutes 
from 12 pm to 6 am, as previously described.12 
Dippers were defined as those individuals with a 
10% to 20% fall in either systolic or diastolic noc-
turnal BP levels relative to daytime values. Extreme 
dipping was defined as a >20% fall in nocturnal 
BP. Nondipping was defined as a <10% nocturnal 
fall; those with no fall (≤0%) in BP were defined as 
reverse-dippers. A patient diary marking the awake 
and sleeping periods was used to determine the 
time of onset and duration of sleep.

Assessment of Arterial Stiffness
Carotid-femoral pulse wave velocity (PWV) was 
measured with an automatic device (Complior; 
Artech Medical, Pantin, France), as previously 
described,13 with the foot-to-foot method. The 
carotid and femoral waveforms were acquired 
simultaneously with 2 pressure-sensitive transduc-
ers, and the transit time of the pulse was calculated 
by the system software. The distance between the 
2 arterial sites was measured on the body using a 
tape measure, and PWV was calculated as the dis-
tance divided by time (m/s). At least 12 successive 
readings were used for analysis to cover a complete 
respiratory cycle. Applanation tonometry was used 
to continuously record the pressure waveform 
at the radial artery, and a validated generalized 
transfer function was then applied to derive the 
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corresponding aortic pressure waveform within 
the system software of the SphygmoCor apparatus 
(SphygmoCor version 8.0; AtCor Medical, West 
Ryde, Australia). The aortic pressure waveform 
was used to generate the augmentation index 
(AIx)—the difference between the height of the 
first and second systolic peaks expressed as a per-
centage of aortic pulse pressure. We have previous-
ly shown that the interclass correlation coefficients 
between the first and second measurements are 
0.94 for AIx and 0.84 for PWV and the coefficient 
of variation for both AIx and PWV is <5%.14

Statistical Analysis
Data were analyzed by JMP version 5.0 (SAS for 
Windows; SAS Institute, Inc, Cary, NC). The dif-
ferences between means were analyzed using the 
Wilcoxon rank sum test for continuous variables 
and chi-square test for categorical data. Results 
are expressed as mean ± SD and p<.05 was con-
sidered significant.

Results
The clinical and hemodynamic characteristics of the 
patient population are summarized in Table I and 
Table II. Groups were well matched in terms of age 
and BP levels. Women with GH were significantly 
heavier than the control group and had a stronger 
maternal family history of hypertension (Table I). 
There was a significant difference in smoking hab-

its between the 2 groups (Table I), with a greater 
number of smokers in the group of women with no 
history of GH, while those with a positive history 
were more likely to be ex-smokers.

Compared with the women with no GH history, 
women with a history of GH had significantly 
higher triglyceride levels, lower HDL cholesterol 
levels, and similar plasma glucose levels (Table I). 
According to the ATP III definition of MS,11 45% 
of the study group had features of MS, compared 
with 28% in the control group. Urinary excretion 
of microalbuminuria was higher in the study group, 
and the number of patients with a microalbumin/
creatinine ratio >3.5 mg was significantly higher 
in the study group than in the controls (Table I). 
In addition, women with GH had higher plasma 
aldosterone levels and plasma renin activity than 
did women in the control group (Table I).

Despite having similar clinic BP readings as the 
controls, women with GH had higher ambulatory 
daytime systolic and diastolic BP levels and similar 
nighttime systolic and diastolic BP readings (Table 
II). There was no statistical difference in the num-
ber of dippers between the group with a history 
of GH and the control group (Table II). However, 
a significantly higher number of women with GH 
exhibited the extreme dipping pattern than did the 
control population (Table II). No significant dif-
ference was noted in measures of arterial stiffness; 
AIx, and PWV, between the 2 groups (Table II).

Table I. Clinical Characteristics of the Patient Population According to History of Gestational Hypertension (N=155)
History of Gestational Hypertension

Variables Yes (n=54) No (n=101) P Value
Age, y 42±11 43±8.6 .45
Body mass index, kg/m2 31±6 28±5 .003
Waist, cm 92±15 87±13 .02
Hip, cm 107±12.5 101±13.2 .006
Smoker/nonsmoker/ex-smoker 14.8/53.7/31.4 29.7/54.4/15.8 .02
Maternal hypertension, % 46 12 .01
Alcohol intake, units/wk 7±6 10±10 .03
Total cholesterol, mmol/L 5.16±0.9 4.99±0.9 .29
Fasting glucose, mmol/L 5.07±0.5 5.03±0.5 .7
Triglycerides, mmol/L 1.61±1 1.21±1 .002
HDL cholesterol, mmol/L 1.28±0 1.44±0 .004
Patients with the metabolic syndrome, % 45 28 .03
Microalbuminuria, mg/L 31.47±42 14.17±11 .004
Albumin/creatinine ratio 2.61±2.5 1.69±1.3 .08
Patients with microalbumin/creatinine ratio >3.5 mg, % 29 11 .05
Creatinine, mmol/L 78.53±9.3 78.94±8.7 .79
Aldosterone, pmol/L 570±293 467±251 .01
Plasma renin activity, ng/mL/h 2.2±2.9 1.93±4.4 .03
Abbreviation: HDL, high-density lipoprotein. Values are mean ± SD.
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Discussion
Emerging data from Canada,3 Scotland,1 and 
a number of other countries including Iceland, 
Norway, and Israel5 indicate that women who had 
pregnancy-related high BP readings or preeclampsia 
have increased prevalence of cardiovascular disease 
in later life. In the Canadian Cardiovascular Health 
After Maternal Placental Syndromes (CHAMPS) 
study,3 there is a suggestion of a graded increase 
in the hazard ratios of cardiovascular disease: 1.8 
for GH, 2.1 for preeclampsia, 3.1 for maternal pla-
cental syndrome and poor fetal growth, and 4.4 for 
maternal placental syndrome and intrauterine fetal 
death. This marker of premature vascular disease 
is now established even if it occurs other than in 
the first pregnancy. An unanswered question, how-
ever, is whether GH causes later-life cardiovascular 
disease or whether the same constitutional factors 
associated with this disease also increase the risk 
of GH. Alternatively, a normal pregnancy may 
protect against cardiovascular disease in later life4; 
nulliparous women have been shown to be much 
less likely to suffer from hypertension and ischemic 
and degenerative cardiovascular and cerebrovascu-
lar disease.15

The suggestion that a widespread disorder of vas-
cular dysfunction such as endothelial dysfunction 
or arterial stiffness may be implicated is attractive 
as both are seen in preeclampsia and are intimately 
involved in the pathogenesis of hypertension and 
cardiovascular disease.5,6 However, our data show 
that in age- and BP-matched groups, there was no 
evidence of increased arterial stiffness in women 
who had a history of GH. On the other hand, 
despite similar clinic BP readings, women in the 
study group had higher daytime systolic and dia-
stolic BP levels, with similar nighttime BP readings 

as the controls. Interestingly, although there was 
no difference in the number of dippers between the 
2 groups, there was a significantly higher number 
of extreme dippers (nocturnal reduction of ≥20% 
of daytime systolic BP level) in the group with a 
history of GH. Kario and coworkers16 suggested 
that extreme dippers are at increased risk for cere-
brovascular events and silent cerebrovascular dam-
age. This may imply that women with a history of 
GH and extreme dipping may be at higher risk for 
developing cerebrovascular events in the future as 
compared with the controls.

There is increasing evidence linking similar risk 
factors for GH, essential hypertension, and car-
diovascular disease. Obesity, insulin resistance, 
endothelial dysfunction, and prior hypertension are 
risk factors for the development of preeclampsia, as 
is dyslipidemia.3,7 In favor of shared risk factors, we 
found that women with pregnancy-related hyper-
tension/preeclampsia were more likely than those in 
the control group to have higher BMIs, greater waist 
circumference, lower HDL cholesterol levels, and 
higher triglyceride levels, resulting in a prevalence of 
MS some 60% greater. Forest and coworkers17 have 
recently drawn attention to the early occurrence of 
MS after hypertension in pregnancy in a nonhyper-
tensive population. In a longitudinal follow-up of 
5889 women born in Finland in 1966, women who 
had either GH or preeclampsia during their first 
pregnancy had increased BP levels at age 31 years, 
along with a higher BMI, greater waist circumfer-
ence, and higher levels of insulin and glucose.18 
Interestingly, women who had been born before 
gestational week 36/37 had a 2-fold greater risk of 
GH in their own first pregnancy.

It is also possible that mothers who themselves 
had been the offspring of preeclamptic pregnancies 

Table II. Hemodynamic Data of the Patient Population According to History of Pregnancy-Related Hypertension (N=155)
History of Gestational Hypertension

Variables Yes (n=54) No (n=101) P Value
Clinic systolic BP, mm Hg 154.2±2.7 152.8±2.0 .51
Clinic diastolic BP, mm Hg 91.2±0.93 92.5±0.9 .31
Heart rate, bpm 71±11 72.2±12 .57
Ambulatory daytime systolic BP, mm Hg 141±15 134±13 .002
Ambulatory daytime diastolic BP, mm Hg 89±9 85±9 .008
Ambulatory nighttime systolic BP, mm Hg 123.6±17 119.3±19 .17
Ambulatory nighttime diastolic BP, mm Hg 74.4±11 73±11 .50
Nocturnal dipping, % 39 40 .42
Nocturnal extreme dipping, % 22 6 .005
Augmentation index, % 30.4±14 33.1±12 .22
Pulse wave velocity, m/sec 9.5±1 9.6±2 .59
Abbreviations: BP, blood pressure; bpm, beats per minute. Values are mean ± SD.
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are more likely to develop preeclampsia, which 
may be familial.2 We found that women with a 
history of GH were 2 times more likely to have 
a strong maternal family history of hypertension 
(46% vs 12%; p=.01), which supports the theory 
that familial factors increase a woman’s susceptibil-
ity to developing hypertension in pregnancy.

Women with a history of preeclampsia have 
persistent insulin resistance after pregnancy asso-
ciated with increased sympathetic activity of the 
cardiovascular system and coronary artery disease 
later in life.19 The increase in renal sympathetic 
activity could play an important role in mediating 
hypertension by stimulating the renin-angiotensin 
system,20 which may be the mechanism for the 
increased plasma renin activity and aldosterone 
levels observed in the women with history of GH 
in the present study.

An additional finding in our study is the greater 
renal albumin excretion in the urine and increased 
prevalence of microalbuminuria. The number of 
patients with a microalbumin/creatinine ratio >3.5 
mg/mmol was significantly higher in the study 
group than in the controls. Albumin excretion 
in urine correlates significantly to the albumin/
creatinine ratio during pregnancy. This is strongly 
related to endothelial dysfunction21 and may sug-
gest that ongoing endothelial dysfunction could be 
a causative factor.

Because of the cross-sectional nature of the 
study design, while we can observe an associa-
tion between clinical parameters, we cannot infer 
causality. Lower socioeconomic status and educa-
tion level have been shown to be associated with 
increased incidence of cardiovascular disease and 
could have been confounding factors in the pres-
ent study. However, alcohol intake and smoking 
prevalence, both more common in lower socioeco-
nomic groups, were actually lower in women with 
a history of GH in the present study, suggesting 
that inequalities in socioeconomic factors are an 
unlikely mechanism. This is supported by an ear-
lier study by Lawlor and colleagues,22 who did not 
find any association between GH and either child-
hood or adult socioeconomic status.

Conclusions
We did not find evidence to implicate increased 
arterial stiffness as a mechanism of high BP in 
women with a history of GH. However, the 
increased prevalence of MS and activation of the 
renin-angiotensin-aldosterone system, both asso-
ciated with risk of cardiovascular disease, may 
in part explain why such patients subsequently 

experience increased numbers of cardiovascular 
events. In addition, the finding that clinic BP 
measurements underestimate the extent of hyper-
tension in these patients, revealed by ambulatory 
BP monitoring, a better prognosticator than clinic 
BP,23 may be an additional factor. Patients with 
GH should therefore be considered as a group at 
additional cardiovascular risk.
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