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ABSTRACT

Hypertensive pregnancy disorders affect up to 10% of all pregnancies and are associated with an
increased future risk of heart disease, chronic hypertension, kidney dysfunction, diabetes, and
thromboembolism. Although mechanisms are not yet well understood, endothelial dysfunction,
pro-inflammatory and procoagulant states seem to persist in women with a history of pree-
clampsia many years after a pregnancy complicated by HDP. Moreover, the number and severity
of these complications differs according to the type of disorder developed during pregnancy.
Lifestyle modifications and long-term follow-up are essential to reduce the risk of developing a

disease later in life.
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Introduction

Hypertensive disorders of pregnancy (HDP) include preg-
nancy-induced hypertension, preeclampsia (PE), eclamp-
sia, and HELLP (hemolysis, elevated liver enzymes, and low
platelets) syndrome and affect approximately 10% of all
pregnancies (1,2). Pre-eclampsia is a multisystem disorder,
defined as the new onset of hypertension generally after 20
weeks’ gestation with evidence of proteinuria and/or acute
kidney injury, impaired liver function, severe persistent
right upper quadrant or epigastric pain and not accounted
for by alternative diagnoses, new-onset cerebral or visual
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disturbances, thrombocytopenia, or pulmonary edema.
Eclampsia is a severe form of pre-eclampsia with maternal
seizures in the absence of other causative conditions.
Gestational hypertension is defined as de novo hyperten-
sion after 20 weeks’ gestation without any of the additional
features mentioned for pre-eclampsia (3). Pre-eclampsia,
alone, encompasses approximately 2% to 8% of pregnancy-
related complications (4). The pathogenesis of pre-
eclampsia is still not fully elucidated, and a central hypoth-
esis is that PE results from defective remodeling of placental
spiral arteries that leads to placental hypoperfusion.
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Hypoxia can generate an oxidative stress that triggers an
excessive systemic inflammatory response which causes a
massive endothelial dysfunction and vasoconstriction.
These alterations can lead to systemic hypertension and
organ hypoperfusion. Literature is growing, especially
underling that these effects on organs persist after preg-
nancy(5,6). However, what is still unclear is the role of
preeclampsia: is PE an independent risk factor for future
cardiovascular disease (CVD) or it can be considered an
early marker for future cardiovascular disease in women
with high-risk profiles (6)? In fact, obesity, metabolic
abnormalities, dyslipidemia, insulin resistance, heightened
inflammatory responses, hypercoagulable states, and
endothelial dysfunction are well-known factors that predis-
pose women to preeclampsia, but also risk factors for
cardiovascular diseases(6). Another hypothesis is that the
body may not fully recover from the damage to the vascular,
endothelial, and metabolic systems associated with pree-
clampsia and may manifest it with future cardiovascular
(CV) events later in life (6). In preeclamptic patients, lipid
deposition in the spiral artery walls, which mimic the early
stages of atherosclerosis, is more common than in healthy
pregnancies (6). Over the years, women with pregnancies
complicated by HDP have been found to be at higher risk of
developing short-term and long-term CVD after deliv-
ery (1,2).

Arnott et al., report that hypertensive disorders of preg-
nancy are associated with a marked increase in the risk of
a maternal cardiovascular event. Patients with early onset of
the disease, in particular before the 34th week of gestation,
have a greater risk of CV disorders (4.9 times more than
healthy women) compared with women with late onset (2.5
times more than healthy women) (7). Moreover, smoking,
concomitant gestational diabetes mellitus, or fetal growth
restriction (FGR) are conditions leading to a greater risk
(7). Pregnancy represents a physiological vascular stress-
test and it can be an opportunity for early diagnosis of
cardiovascular disorders (8). According to a prospective
cohort study conducted in 2022, pregnancies complicated
by hypertensive disorders may accurately predict the devel-
opment of chronic hypertension 6-12months after
delivery.

After pregnancy, the frequency of CV risk factors
such as chronic hypertension, kidney dysfunction, dys-
lipidemia, diabetes, and subclinical atherosclerosis is
higher in women who developed HDP. The prevalence
and onset of CV risk factors depend on the severity of
HDPs and the coexistence of other complications (2).

In this review of the literature, the main risks related
to the development of HDP in pregnancy and the
possible long-term outcomes will be investigated. In
addition, the importance of proper follow-up for these
women will be highlighted, even after childbirth.

Kidney injury

The impact of HDP on renal function in the years follow-
ing pregnancy is widely reported in the literature (7). The
association between preeclampsia and renal damage is
well documented by several studies (9-12) and may reflect
the presence of common risk factors. Potential renal con-
sequences of pre-eclampsia include microalbuminuria
(MA), acute kidney disease (AKD), and increased suscept-
ibility to chronic kidney disease (CKD) (2,9,13-16).

MA is a persistent and increased urinary albumin excre-
tion and is a well-known marker of renal dysfunction and
a risk factor for CVD (2). A meta-analysis by McDonald
et al. of 2010 reported that women with a history of pre-
eclampsia had an increased risk of microalbuminuria. In
particular, these patients had a 4-fold increased risk of
developing it 7.1 (95% CI; 4.5-9.7) years after delivery
compared to women with uncomplicated pregnancies
(13). A recent Canadian follow-up study examined the
risk of end-stage renal disease in 1.5 million women (med-
jan follow-up 16.2years; IQR 13.3-18.3). This study
reported an increased risk in women with preeclampsia or
eclampsia during pregnancy. The risk also appeared to be
higher when associated with other risk factors such as FGR
fetus, severe obesity, and CVD (17). Other studies are in
line with these results (14-16). Although most reports agree
on the increased risk of end-stage renal disease in women
with previous preeclampsia, there is no unanimity in the
literature about the origin of the risk of acute renal disease.
Indeed, while AKD is a potential complication of pree-
clampsia, it is not known whether preeclampsia causes
AKD in the long term (9).

Considering the above, most studies agree on the
need for follow-up for kidney disease in the immedi-
ate post-pregnancy years in women with prior pre-
eclampsia. Early diagnosis of chronic kidney disor-
ders would allow for early intervention to delay dis-
ease progression (2,9).

Diabetes

While preeclampsia is now recognized as a risk factor
for cardiovascular disease, less attention has been given
to the link between preeclampsia and the development
of diabetes in the years after delivery. Chesley et al.
highlighted an increased risk of late-onset diabetes in
women with a history of eclampsia (18). More recent
studies have also suggested preeclampsia as a risk factor
for developing diabetes (19,20). In a Canadian retro-
spective study, the risk of T2DM after a pregnancy
complicated by hypertensive disorders (preeclampsia
and gestational hypertension) was examined in
a cohort of 1 million patients with a median follow-



up of 8.5years. This study showed that the risk of
T2DM increases by 3.9% in women with pregnancy
complicated by HT and by 6.6% in the case of PE
alone (20). Similarly, a Danish cohort study found
a 3.12-fold (2.63-3.70) increased risk after
a pregnancy complicated by gestational hypertension
and a 3.68-fold (3.04-4.46) increase after severe pree-
clampsia (21). However, the risk of developing diabetes
was moderately higher in women with preeclampsia,
especially when compared to women with gestational
diabetes, who had a markedly elevated risk of develop-
ing it. On the other hand, when preeclampsia and
gestational diabetes were associated, the probability
was further higher (22). To date, few studies have
investigated the risk of developing type 1 and type 2
diabetes separately. A study by Savitz et al. reported
a significantly higher risk of hospitalization for type 2
diabetes mellitus than for type 1 diabetes mellitus (aOR:
2.0, 95% CI: 1.3-3.2 vs aOR: 1.8, 95% CI: 0.8-3.8) (23).

Cardiovascular risk

Several studies have highlighted how HDPs are asso-
ciated with a greater cardiovascular risk. It is still
unclear whether the cardiovascular changes associated
with PE result in cardiovascular remodeling, increasing
the lifetime risk of CVD, or whether PE is
a manifestation of an underlying increased CV risk.
For example, genetic and environmental factors such
as hyperlipidemia, obesity, diabetes mellitus, or renal
disease could predispose women to develop PE during
pregnancy and CVD later in life (5). Wu et al. reported
a RR of all cardiovascular diseases resulting from HDP
between 0.88 and 13.18, with a RR of 1.66 (95% CI
1.49-1.84) for coronary artery disease, 2.87 (95% CI
2.14-3.85) for heart failure, 1.60 (95% CI 2.14-3.85)
for for peripheral vascular disease, and 1.72 (95% CI
1.50-1.97) for stroke (24). This data was also confirmed
in another meta-analysis from 2021 (25) in which new
interesting details emerged: women with early-onset PE
(<34 weeks) were at increased risk of developing
adverse cardiovascular outcomes, CVD, cerebrovascu-
lar disease, HT, dyslipidemia, renal dysfunction, and
metabolic syndrome, compared with late-onset PE
(25). Previously, Bellamy et al. in a meta-analysis
observed that women with early preeclampsia had the
greatest risk of developing CVD in the future also
compared to patients who had a severe form of PE
(defined as a BP > 160/100 mmHg associated with pro-
teinuria >0.3 g/24h or diastolic BP >110 mmHg with
proteinuria >5 gr/24 h). Moreover, a doubled risk of
ischemic attack in women with prior preeclampsia
(2.16, 1.86-2.52) was reported in the same study, with
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a greater risk of fatal ischemic attack in the case of
severe PE (2.86, 2.25-3.65), compared to a moderate
PE (1.92, 1.65-2.24) (26). Similar findings emerged
more recently, in a 2017 meta-analysis evaluating 2
studies with more than 250,000 women with PE.
Patients who developed preeclampsia resulted in
a 4-fold increased risk of heart failure after pregnancy.
However, some confounding factors (obesity, diabetes,
and smoking) influencing the association were reported
(6). Evaluating the risk of stroke after PE, the literature
reports a risk of 1.81 (1.45-2.27), especially when the
diagnosis of PE is done before 37th week (5.08, 2.09—
12.35), compared with cases of PE after the 37th week
(0.98, 0.50-1.92) (26). Furthermore, there is a greater
risk of fatal stroke.

Based on a study conducted by Veerneek et al., the
number and severity of risk factors for postpartum
CVD differ according to the type of disorder developed
during pregnancy: early PE, late PE, or gestational HT
(27). Moreover, the authors conclude assuming that
CVD risk after pregnancy may reflect CVD risk later
in life, especially the risk of chronic hypertension.
Indeed, women who had early PE showed the least
favorable CV risk profile compared to those who had
late PE or gestational HT, particularly for glucose and
lipid levels. Postpartum HT was observed in approxi-
mately 50% of the patients with a history of PE and
gestational HT. Furthermore, blood pressure values
were significantly higher in women who had early PE
and gestational HT compared with late PE.

Chronic hypertension

Women who develop HDP during pregnancy have a 2- to
8-fold increased lifetime risk of developing chronic hyper-
tension compared with normotensive pregnant women
(2,24,26,28,29). However, the time of onset of HT after
a pregnancy complicated by HDP remains unclear. The
knowledge of the timing represents a crucial point
because it would allow clinicians to plan a correct follow-
up for these women, ensuring an early diagnosis of com-
plications. A 2007 meta-analysis by Bellamy et al. (26)
including 3 million women between 1960 and 2006 found
that 1885 of 3658 women whose pregnancy was compli-
cated by PE, developed chronic HT during their lifetime
(mean follow-up of 14.1years). The relative risk of
a subsequent diagnosis of HT was 3.70 (95% CI 2.70-
5.05) for women who developed PE during pregnancy,
compared to those who did not develop it. This risk was
lower (2.37; 2.11-2.66) when considering only studies
including larger numbers of women. In the same meta-
analysis, authors also analyzed the correlation between the
development of HT in pregnancy and the risk of
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developing chronic HT: the RR of chronic HT for women
who had gestational HT compared to normotensive
women was 3.39 (0.82-13.92). Recent studies have
shown that the risk of developing HT after HDP already
appears in the first months following pregnancy (30-32).
In a 2020 meta-analysis conducted by Giorgione et al.
(31), the risk of developing hypertension within 2 years of
delivery in women whose pregnancy was complicated by
HDP emerged to be 6 times greater than in normotensive
women. Moreover, the risk was evaluated during three
postpartum periods: within 6 months, between 6 months
and 1year and between 1year and 2 years. The results
reported an overall OR of 5.75 (95% CI 3.92-8.44). The
OR rose to 13.39 (95% CI 1.27-141.04) in the period up
to 6 months postpartum, decreased to 4.13 (95% CI 2.82—
6.07) between 6 months and 1year, and finally raised
again to 8.73 (CI 95% 4.66-16.35) in the period between
1 and 2 years. The same analysis was done for pregnancy
complicated by preeclampsia: women had a significantly
increased risk of developing postpartum HT compared to
women without PE (OR 6.83; 95% CI 4.25-10.96). Again,
a discrepancy was observed in different periods: up to 6
months, OR 43.95 (95% CI. 5.72-338.04); between 6
months and 1year, OR 4.46 (95% CI, 2.76-7.21); and
between 1 and 2years, OR 891 (95% CI 4.33-18.33).
Thus, Giorgione et al. (31) underlined the importance of
the immediate postpartum period, a critical period that
should be monitored closely. Finally, although the litera-
ture on this evidence is not yet clear, gestational HT more
than PE was associated with chronic HT, in women older
than 30 years (24,28).

Thromboembolic risk

Pregnancy increases the risk of thromboembolic events
5-fold compared to non-pregnant state, even in uncom-
plicated pregnancy (29). The risk is higher in the case of
preeclampsia, both during pregnancy and in the post-
partum period.

A nationwide cohort study was conducted in the
Netherlands to determine whether hypertensive preg-
nancy disorder is a risk factor for thromboembolic
events both during pregnancy and in subsequent
years. This study included about 2 million women for
a median of 13.7years (33). The absolute risk after
delivery in women with uncomplicated pregnancies
was 2.1 (95% CI, 2.0-2.2) per 10 000 person years, 3.1
(95% CI, 2.9-3.3) per 10 000 person years in women
with hypertension during pregnancy, and 4.3 (95% CI,
3.7-5.0) in women with pregnancy complicated by
preeclampsia.

According to another Danish study, in which
1419 women with a past medical history of throm-
boembolic events were followed during their preg-

nancy, the risk of developing dpreeclampsia was
highér in this group compared to women wi

a negative past medical history (RR 1.5 95% CI,
1.3-1.8) (34). Therefore, this dual relationship sug-
gests common physiopathological mechanisms,

including endothelial dysfunction, platelet activa-
tion, and pro-inflammatory and procoagulant

states (35).

In a meta-analysis, Bellamy et al. (26) included three
studies analyzing the link between preeclampsia and
subsequent risk of thromboembolic events, in a total of
35,772 women and a median of 4.7 years of follow-up.
Women who developed preeclampsia during pregnancy,
had an increased risk [1.79 (1.37-2.33)] of vascular dis-
ease compared with women without a diagnosis of PE.
A further distinction was made by Kestenbaum et al.
(36). According to them, severe preeclampsia is asso-
ciated with a higher risk of venous thromboembolism
(2.3, 1.3-4.2) compared with moderate pre-eclampsia in
years after delivery. Among thromboembolic complica-
tions, it is also important to keep in mind a less frequent
but life-threatening event: the ovarian vein thrombosis.
It occurs in 0.02-0.20% of all pregnancies and can be
associated with HDP (37,38).

Follow up approach

The American Heart Association and the European
Society of Cardiology have included hypertensive dis-
order of pregnancy within the main risk factor for
cardiovascular disease (28,39). As also emerged in this
review, these patients have a greater risk of developing
cardiovascular, cerebrovascular, and arterial diseases
and have a higher rate of mortality cardiovascular
related (40,41). Scientific societies agree on the impor-
tance of follow-up on these patients (3,42-44). The
ACOG guidelines suggest a checkup for women who
have developed HDP after 7-10days after childbirth
and an assessment at 72 h in case of severe hyperten-
sion. Appropriate advice should be provided to explain
the risk of developing cardiovascular disease in the
future. Cardiovascular risk should be assessed indivi-
dually to suggest appropriate lifestyle changes (43).
Moreover, women who developed pre-eclampsia in
a past pregnancy should be advised that the rate of
recurrence in subsequent pregnancies is around 15%,
with a further risk of 15% to develop gestational hyper-
tension (44). A structured follow-up, including risk
assessment, patient education, and lifestyle intervention



should be considered as a standard of care for all
women who had a hypertensive disorder of pregnancy.
Early post-partum lifestyle intervention can prevent the
development of cardiovascular disease and prevent
morbidity and mortality (3,8).

The follow-up of these women should include
(3,42,43): 1. Visits with a family doctor to check up
the blood pressure and lipid and glucose profiles; 2.
Lifestyle changes (smoking cessation, maintaining
ideal body weight, regular aerobic exercise, appropri-
ate diet); 3. Eventually, start of a pharmacological
therapy in case of persistent hypertension and/or
dyslipidemia; 4. Eventual prophylaxis with low-dose
aspirin in women with additional risk factors for
stroke (42,45).

To reduce these risks in future pregnancies, it is
useful to start low-dose aspirin prophylaxis between
12 weeks and 28 weeks of gestation (optimally before
16 weeks of gestation) and continuing until deliv-
ery (3).

The ACOG guidelines suggest a checkup for
women who developed HDP after 7-10days post-
partum and a 72h evaluation in the case of severe
hypertension.

A proper counseling should be offered to explain
the risk of developing cardiovascular disease in the
future. Cardiovascular risk should be evaluated indi-
vidually to suggest appropriate lifestyle changes. The
latest ACOG guidelines underline the importance of
modifying lifestyle, to reduce possible CV risk factors
and the need for long-term follow-up.

Pregnancy is an ideal time to maintain or start
a healthy lifestyle. ACOG recommends that all spe-
cialists suggest adequate physical activity: several
meta-analyses have demonstrated a significant
reduction of HDP, gestational diabetes, and cesarean
section in women who practice 30/60 min of aerobic
exercise 2/7 times a week compared to sedentary
women.

In addition, due to the benefits on the cardiovas-
cular system and on the production of breast milk,
an early resumption of physical activity is strongly
encouraged during the puerperium, with a timing
that depends on the mode of childbirth (46).

Breastfeeding also has beneficial effects: the
CARDIA study (Coronary Artery Risk Development
in Young Adult) has demonstrated a protective con-
nection between breastfeeding and metabolic syn-
drome after weaning. Other studies also seem to
extend this protective effect to cardiovascular disease:
among the participants to Nurses’ Health Study
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women who breastfed for 2 years had a 37% less
chance of developing coronaropathy compared to
women who did not breastfeed. These results confirm
the importance of including this type of advice in the
post-partum counseling of women whose pregnancy
was complicated by HDP (47).

Conclusions

Hypertensive disorders in pregnancy may be asso-
ciated with immediate worsening of maternal-fetal
outcomes, but the literature agrees that considering
these pathologies is also a possible expression or
cause of a greater cardiovascular risk in the long
term in the life of the patient. The main complica-
tions include kidney injury, diabetes, and cardiovas-
cular risks, such as chronic hypertension, stroke,
myocardial infarction, and thromboembolism. Data
are controversial about which HDP is associated
with the worst outcomes and further research is
certainly needed. The follow-up of these patients is
becoming more and more important and is drawing
the attention of clinicians. All medical visits, includ-
ing the postpartum follow-up, should be considered
an opportunity to focus on the importance of main-
taining a healthy lifestyle and minimizing health
risks. The gynecologist is a reference point in
a woman’s life and must also take an active role in
chronic disease prevention to improve women’s long-
term health and quality of life (48). This becomes
even more important for those patients who have
developed complications during pregnancy and who
may present a higher risk.
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OR odds ratio

PE preeclampsia

RR Irelative risk
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