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REVIEW SERIES

Epidemiology of hypertensive disorders in pregnancy:
prevalence, risk factors, predictors and prognosis

Mitsumasa Umesawa and Gen Kobashi

Hypertensive disorders in pregnancy (HDP) represent some of the most important problems faced by public health because HDP
is a major cause of maternal and prenatal morbidity and mortality. Several epidemiological studies have been performed to

determine the prevalence and risk factors of HDP as well as its subtypes. The prevalences of HDP, gestational hypertension and
preeclampsia are 5.2-8.2%, 1.8-4.4% and 0.2-9.2%, respectively. Body mass index, anemia and lower education appear to be
modifiable risk factors for HDP. Maternal age, primiparous, multiple pregnancy, HDP in previous pregnancy, gestational diabetes
mellitus, preexisting hypertension, preexisting type 2 diabetes mellitus, preexisting urinary tract infection and a family history of

hypertension, type 2 diabetes mellitus and preeclampsia appear to be nonmodifiable risk factors. Genetic variants including a
single-nucleotide polymorphism in the angiotensinogen gene have also been reported to be nonmodifiable risk factors.
Epidemiological studies have recently examined the associations between a history of HDP and its subtypes and future risks of
other diseases. These studies have reported associations between a history of HDP and a risk of coronary heart disease, heart
failure, dysrhythmia, stroke, hypertension, diabetes mellitus, end-stage renal dysfunction and cardiomyopathy. HDP is not
associated with the future incidence of total cancer. In conclusion, HDP is not a rare complication of pregnancy and the
influence of HDP remains for an extended duration. Physicians should consider the effects of HDP when treating chronic

diseases in women.
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INTRODUCTION

Hypertensive disorders in pregnancy (HDP) remain one of the most
important problems in public health as well as perinatal medicine.
HDP is a major cause of maternal and prenatal morbidity and
mortality.'> HDP is thought to be a kind of syndrome, composed of
some types of diseases that are respectively caused by confluence of
both genetic and acquired factors.* HDP has previously been defined
as a subtype of toxemia of pregnancy that consists of one or more
symptoms of hypertension, proteinuria and edema during pregnancy.
There has been little consensus regarding international classifications;
however, various classifications have been described.”” A Japanese
consensus for pregnancy-induced hypertension (PIH), proposed in
2004, consists of 4 subtypes according to symptoms and onset:
gestational hypertension (GH), preeclampsia (PE), superimposed
preeclampsia and eclampsia.® GH is defined as hypertension (systolic
blood pressure (SBP) of > 140 mm Hg and/or diastolic blood pressure
(DBP) of >90mm Hg) at >20 weeks of gestation and recover
<12 weeks after delivery. PE is defined as hypertension with
proteinuria (excretion of >300 mg protein per day) at >20 weeks
of gestation and recovery <12 weeks after delivery. Superimposed
preeclampsia is defined as: (1) proteinuria at > 20 weeks of gestation
superimposed on chronic hypertension present at <20 weeks of

gestation and /or before pregnancy, or (2) the deterioration of
hypertension and/or proteinuria at > 20 weeks of gestation in patients
with chronic hypertension with proteinuria at <20 weeks of gestation
or (3) GH occurring in renal disease only with proteinuria at
<20 weeks of gestation and/or before pregnancy. Eclampsia is defined
as the onset of seizures at > 20 weeks of gestation without convulsion
or secondary seizures.® Effective treatment is needed for women
with severe HDP because worsening of HDP may cause maternal
cardiovascular events and death®!! as well as placental dysfunction.

Several epidemiological studies have examined the prevalence,!>~3°
risk factors!>1421:24-52 and predictors®>>° of HDP and its subtypes.
Many epidemiological studies examined the associations between the
history of HDP and its subtypes and future risks of other diseases.%%~74

In this review, we provide information regarding the prevalence,
risk factors, predictors and future risks of other diseases of HDP and
its subtypes; we primarily focus on GH and PE because they are major
HDP subtypes.

PREVALENCE

Prevalence

Table 1 shows the prevalence of HDP and its subtypes from
epidemiological studies. The prevalences of HDP, PIH, GH and PE
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Table 1 Prevalence of hypertensive disorders in pregnancy

Incidence (%)

Area Country Race Number of subjects  HDP  PIH GH  Preeclampsia  Survey years  Reference number
Africa Angola 10414 2.3 2004-2008 28
Africa DR-Congo 8700 0.8 2004-2008 28
Africa Kenya 20280 2.0 2004-2008 28
Africa Niger 10963 0.5 2004-2008 28
Africa Nigeria 12 585 2.3 2004-2008 28
Africa Uganda 10 828 1.0 2004-2008 28
Africa Zimbabwe 289 194 2009-2011 17
Asia Afghanistan 25913 1.0 2004-2008 28
Asia Cambodia 4691 2.3 2004-2008 28
Asia China 112 386 5.2 1.8 2.9 2011 13
Asia China 136 070 11.1 1995-2000 14
Asia China 13273 2.1 2004-2008 28
Asia India 29 562 4.2 1993-1996 15
Asia India 31168 2.0 2004-2008 28
Asia Iran 1200 3.4 4.2 2008-2010 30
Asia Japan 301 510 4.6 2.3 2.3 2005-2009 12
Asia Japan 3534 12 2004-2008 28
Asia Japan 180 855 4.1 2001-2005 29
Asia Jordan 1166 4.7 2004-2008 28
Asia Kuwait 28 262 5.2 2.4 1992-1994 16
Asia Lebanon 4042 1.0 2004-2008 28
Asia Mongolia 7343 6.7 2004-2008 28
Asia Nepal 11239 0.6 2004-2008 28
Asia Occupied Palestinian Territory 980 2.4 2004-2008 28
Asia Pakistan 13122 1.2 2004-2008 28
Asia Philippines 10 762 3.6 2004-2008 28
Asia Qatar 3950 3.9 2004-2008 28
Asia Sri Lanka 18108 1.0 2004-2008 28
Asia Taiwan 29375 1.4 1990-1998 26
Asia Thailand 8942 2.2 2004-2008 28
Asia Vietnam 15421 0.2 2004-2008 28
Europe Norway 1 869 388 2.8 1967-1998 20
Europe Sweden 10 666 4.4 5.2 1987-1993 21
Europe UK White 3931 6.7 2007-2010 19
Europe UK Asian 4547 5.4 2007-2010 19
North America ~ Mexico 13273 3.8 2004-2008 28
North America USA 312 207 4.0 2007 22
North America ~ USA White and Black 39710 3.4 1958-1964 23
North America USA — 2.6 1979-1986 25
Oceania Australia 424732 8.2 2.8 2001-2005 18
Oceania Australia 368 9.2 Not provided 27
South America  Argentina 9797 2.6 2004-2008 28
South America  Brazil 7052 4.6 2004-2008 28
South America  Ecuador 10 224 35 2004-2008 28
South America  Latin America and Caribbean 878 680 4.8 1985-1997 24
South America  Nicaragua 6472 7.7 2004-2008 28
South America  Paraguay 3607 1.8 2004-2008 28
South America  Peru 15181 35 2004-2008 28

Abbreviations: GH, gestational hypertension; HDP, hypertensive disorders in pregnancy; PIH, pregnancy-induced hypertension.

are 5.2-8.2%, 4.1-19.4%, 1.8-4.4% and 0.2-9.2%, respectively, in all
pregnancies.”>3" According to region, the prevalence of PE is
0.5-2.3% in Africa, 0.2-6.7% in Asia, 2.8-9.2% in Oceania,
2.8-5.2% in Europe, 2.6-4.0% in North America and 1.8-7.7% in
South America and the Caribbean.

Hypertension Research

Seasonal effects

Several studies have examined the seasonal variation in the prevalence
of HDP and its subtypes. The prevalence of HDP and PIH is high for
delivery in winter or early spring among Japanese, Chinese and
Australian subjects.!>!*18 For Kuwaiti subjects, the prevalence of PIH



is high in June; however, the prevalence of PE is high in November.1©
The prevalence of PE is high for delivery in winter in Norwegian,
Swedish and American subjects.?%2* For Australian subjects, the
prevalence of PE is high in spring to summer.'® A study of Indian
subjects has examined the difference in the prevalence of PE between
the monsoon season and the dry season and has found no differences

in prevalence.l”

RISK FACTORS OF HDP

Modifiable factors

Body mass index. A positive association between higher prepregnancy
body mass index (BMI) and the prevalence of HDP has been reported
in Chinese subjects.!*> Compared with subjects with a prepregnancy
BMI of <24.0kgm~?% subjects with a prepregnancy BMI of
24.0-27.9 and >28.0kgm 2 showed a 1.79- and 3.11-fold higher
prevalence of HDP, respectively.!®> A study of Pakistani and White
British women has shown that a 5kgm~2 increase in BMI is
associated with a 1.54- and 1.60-fold higher prevalence of HDP."
The association between higher prepregnancy BMI and the prevalence
of PE has also been examined. A retrospective study of Taiwanese has
found that subjects with a BMI of >24.2 and <19.8 kgm 2 were at a
2.4- and 0.6-fold higher risk of PE compared with subjects with a BMI
of 19.8-242kgm~22° A meta-analysis of 29 prospective cohort
studies has reported that subjects with a BMI of <20.0, 25.0-29.9,
30.0-34.9 and >35.0kgm~2 had a 0.77-, 1.70-, 2.93- and 4.14-fold
higher risk of PE compared with subjects with a BMI of
20.0-24.9 kg m 2, respectively.4?

Anemia. A cross-sectional study using the database of the World
Health Organization Multicountry Survey (WHOMCS) on maternal
and newborn health has reported that subjects with anemia had a
4.06-fold times higher risk of PE than subjects who were anemic.?

Smoking. A population-based cohort study of Swedish subjects has
reported a lower risk of GH and PE among subjects who smoked
cigarettes compared with those who did not smoke.?! The odds ratios
of subjects who smoked 1-9 and > 10 cigarettes per day were 0.86 and
0.48 for GH and 0.64 and 0.55 for PE, respectively, compared with
subjects who did not.?! A retrospective study of Australian subjects has
also shown 1.57-fold higher risk of GH among subjects with habitual
smoking compared with subjects who were not habitual smokers.*®
Systematic reviews and a meta-analysis have shown an inverse
association between cigarette smoking and the risk of PE.#!4? Subjects
who habitually smoked during pregnancy showed a 0.67-fold lower
risk of PE compared with subjects who were not habitual smokers.*?
However, for PIH, a recent study based on a Japanese perinatal registry
has shown that subjects who smoked during pregnancy had a
1.20-fold higher risk for PIH compared with subjects who did not
smoke during pregnancy.?’ Our case—control study of Japanese
subjects has also shown that in a subgroup with a prepregnancy
BMI of >24.0 kgm ™2, the frequency of smoking before pregnancy
was significantly higher in women with PE than in controls.*3

Alcohol intake. A cross-sectional study of Chinese subjects had
shown a positive association between alcohol intake and the risk of
HDP.!3 Subjects with alcohol intake showed a 1.75-fold higher risk of
HDP compared with subjects without alcohol intake.!? A prospective
study of Americans has shown that subjects who were habitual
drinkers had a 0.55-fold lower risk of PE compared with subjects
who did not drink habitually.3*
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Education. A cross-sectional study of Chinese subjects has shown
that those who graduated from university or college had ~ 35% lower
PIH prevalence compared with subjects who completed elementary
school.'* The study based on the WHOMCS database has shown that
subjects who went to school for 0 years and 5-8 years has shown
1.20- and 1.21-fold higher risk of PE than subjects who went to school
for > 11 years;?® however, in this study, the risk of PE among subjects
who went to school for 1—4 years, 9-11 years and > 11 years was not
significantly different.’® Notably, cross-sectional studies of Latin
Americans and Taiwanese subjects have shown no association between
educational status and the risk of PE.22¢

Nonmodifiable factors

Maternal age. A positive association between higher maternal age
and the risk of HDP has been shown in Chinese subjects.!*> Compared
with subjects aged 25-29 years, those aged 35-39 and > 40 years had a
1.84- and 2.39-fold higher risk of HDP, respectively.!> Higher
maternal age was also positively associated with the prevalence of
PIH in Chinese subjects.'* Compared with subjects aged 20-34 years,
those aged > 35 years had an ~60% higher prevalence of PIH.!* For
GH, Australian subjects aged > 40 years had a 1.45-fold higher risk of
GH compared with subjects aged 30-34 years.> A higher maternal age
was also positively associated with the risk of PE.242628 Latin
American, Caribbean and Taiwanese women aged > 35 years showed
1.67- and 1.8-fold higher risks of PE compared with similar subjects
aged 20-34 years.>2¢ The study based on the WHOMCS database has
shown that subjects aged > 35 years had a 1.78-fold higher risk of PE
compared with subjects aged 20-35 years.?® A cross-sectional study of
Americans has examined the association between age groups of
mothers and the risk of PE stratified by race.”> Subjects of Black
and other races aged > 35 years showed a 1.7-fold higher risk of PE
than those aged 30-34 years. However, this association was not
observed among White subjects.”> An epidemiological study of
Americans has shown no association between higher maternal age
and the risk of PE.3!

A positive association between lower maternal age and the
prevalence of PE has been shown in both White and non-White
American subjects.”> White subjects aged 20-24, 18-19 and
15-17 years had a 1.4-, 1.8- and 2.6-fold higher risk of PE compared
with those aged 30-34 years, respectively. Subjects from Black and
other races aged 18-19 and 15-17 years had a 2.0- and 2.4-fold higher
risk of PE, respectively, compared with subjects aged 30-34 years.”®
However, the study based on WHOMCS database has shown an
inverse association between lower maternal age and the risk of PE.?
Subjects aged 17-19 years had a 0.72-fold lower risk of PE compared
with subjects aged 20-35 years.?® Other epidemiological studies have
shown no association between lower maternal age and the prevalence
of HDP, PIH or PE.1314:2426.31

Primipara. 'Women who are primiparous show a higher risk of HDP
and PE.132426.28,313439 The study in Chinese subjects has shown that
primiparous subjects had a 1.5-fold higher risk of HDP compared with
subjects who were not primiparous.'> For PE, primiparous subjects
showed a 2.38-, 3.9-, 4.75- and 2.9-fold higher risk of PE in Latin
Americans,?* Americans®!** and Australians®® compared with multi-
parous subjects. Studies of Taiwanese subjects have also shown that
primiparous subjects had a 1.3-fold higher risk of PE.2® A study based
on the WHOMCS database has shown that the number of previous
births is inversely associated with the risk of PE. Subjects with 0 and
>4 previous births had a 1.42- and 0.83-fold risk of PE compared
with subjects with 1-3 births.?®
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Multiple  pregnancy. Multiple pregnancy is associated with a
higher risk of HDP, PIH and PE compared with singleton
pregnancy.!31421:24.262831.38 \[yltiple pregnancy has been reported
to have a 3.68-fold higher risk of HDP compared with singletons in a
study on Chinese subjects.!® The prevalence of PIH is 3.31-fold higher
in multiple pregnancy compared with singleton pregnancy.'* For PE,
studies of Swedish, Taiwanese, Latin American and Danish popula-
tions have shown a 4.17-, 3.6-, 2.10- and 2.3-fold higher risk of PE,
respectively, in multiple pregnancy compared with singleton
pregnancy.2242638 The study based on the WHOMCS database has
also shown a 2.55-fold higher risk of PE in multiple pregnancy
compared with single pregnancy.?

Previous experience of pregnant complications. Studies of Americans
have shown a positive association between hypertensive disorders in
the first pregnancy and the risk of hypertensive disorders in the second
pregnancy.>>* A study of Americans has shown that subjects with
mild GH (DBP 90-109 mm Hg), severe GH (DBP > 110 mm Hg) and
PE/eclampsia in the first pregnancy had a 3.0-, 3.4- and 6.3-fold higher
risk of hypertension in the second pregnancy, respectively.’®> Another
study has shown that subjects with borderline hypertension (SBP
130-139 mm Hg and/or DBP 85-89 mm Hg) and hypertension (SBP
> 140 mm Hg and/or DBP >90 mm Hg) at admission of the first
pregnancy had a higher risk of GH and PE in the second pregnancy.*®
Subjects who were not GH but were borderline hypertensive at
admission of the first pregnancy had a 2.07-fold higher risk of GH
and a 2.02-fold higher risk of PE in the second pregnancy. Subjects
who were not GH but were hypertensive at admission of the first
pregnancy had a 3.42-fold higher risk of GH and a 3.81-fold higher
risk of PE in the second pregnancy. The associations were evident
among subjects who were GH in the first pregnancy.*® For PE,
a systematic review has examined the unadjusted relative risk of
previous cohort studies and case—control studies.’> Compared with
subjects without PE in previous pregnancy, those with PE in a
previous pregnancy had a 7.19-fold higher risk of PE in cohort studies
and 7.61-fold higher risk of PE in case—control studies.”

Gestational diabetes mellitus (GDM). GDM often occurs together
with HDP. GDM is associated with a 2.48-fold higher risk of HDP in
Chinese population,!® 1.87-fold higher risk of GH in Australian
population® and 3.11- and 1.93-fold higher risk of PE in Swedish,
Latin American, and Caribbean populations.?1*

Preexisting disease. Diabetes mellitus (DM) appears to be an
important risk factor for HDP. Type 2 DM has been associated with
a 2.48-fold higher risk of HDP in Chinese subjects,'® a 3.25-fold
higher risk of GH in Australian subjects®® and a 1.93-fold higher risk
of PE in Latin American subjects.?* Type 1 DM is also associated with
a 5.58-fold higher risk of PE.2! The incidence of HDP is similar in
type 1 DM and type 2 DM.*” A study of Danish subjects has shown a
negative association between DM and the risk of PE3® DM is
associated with a 0.4- and 0.2-fold lower risk of severe PE in
primiparous and multiparous mothers, respectively.’®

Chronic hypertension also appears to be an important risk factor
for HDP. Subjects with a history of chronic hypertension also had a
1.99- and 8.32-fold higher risk of PE compared with subjects who did
not in Latin Americans and in subjects of the WHOMCS database.>*2®
Danish subjects with probable chronic hypertension have been found
to shown a 2.2-fold higher risk of PE compared with subjects with no
risk factors. Subjects with definite hypertension have also been found
to have a 3.4-fold higher risk of PE.?8
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Urinary tract infection has been reported to be a risk factor of
HDP.2%?8  Urinary tract infection during pregnancy has been
associated with a 4.8-fold higher risk of PE in Taiwanese subjects.2®
A history of pyelonephritis has also been associated with a 1.64-fold
higher risk of PE among subjects of the WHOMCS.?® However,
another study of Australians has shown no association between
urinary tract infection and the risk of GH.»

The study based on the WHOMCS database has shown that
histories of heart disease, renal disease and hepatic disease are
positively associated with the risk of PE.2® The odds ratios of a history
of these diseases are 2.12, 4.52 and 4.07, respectively.

Family history. A family history of hypertension and type 2 DM are
reported risk factors of HDP. In Chinese subjects, family history of
hypertension and type 2 DM have been associated with a 3.17- and
2.67-fold higher risk of HDP compared with subjects without these
conditions.'?

A family history of PE has also been reported to be a risk factor of
PE. A systematic review has shown that subjects with a family history
of PE had a 2.9-fold higher risk of PE compared with subjects without

a family history of PE.>?

Genetic variants. Many studies have investigated the associations
between genetic variants, including single-nucleotide polymorphisms,
and HDP. An association with the M235T variant of the angiotensino-
gen (AGT) gene has been shown in many subjects; however, there are
racial differences among these associations. In Caucasian subjects,
Ward et al.** have shown that the frequency of the TT genotype of
AGT is significantly higher in primigravid PE (65%) than in
primigravid controls (40%). In Japanese subjects, we have found that
the frequency of the TT genotype is significantly higher in primigravid
PIH 93-94% (93% in PE and 94% in GH) than in primigravid
controls (77%).*> Zafarmand et al.*® have performed a questionnaire
study of middle-aged Dutch women in a large prospective cohort
study. Under both dominant and additive genetic models, the
M235T polymorphism has been found to be associated with a history
of elevated blood pressure during pregnancy with odds ratios
of 1.29 (95% confidence interval, 1.01-1.64; P=0.04) and 1.20
(95% 1.02-1.42; P=0.03), respectively.*6
Furthermore, our association studies for Japanese subjects have
revealed that the TT genotype of AGT, the heterozygosity of the
Glu298Asp variant and homozygosity of the Glu298 genotype of the
endothelial nitric oxide synthase 3 (NOS3) gene and prepregnancy BMI
of > 24 kg m~? are independently associated with HDP;* additionally,
the TT genotype of AGT and a mentally stressful condition during
pregnancy are synergistically associated with HDP.*® Recent studies
have reported new candidate genes associated with HDP. An associa-
tion study including 208 women with PE and 212 healthy pregnant
women in Brazil has reported that the T allele of the rs1319501 of the
nicotinamide phosphoribosyl transferase (NAMPT) gene is associated
with PE (82% in PE vs. 73% in controls, odds ratio=1.626, 95%
confidence interval, 1.170-2.257).4° A study of a Chinese Han
population including 402 women with PE and 554 healthy pregnant
women has reported that the G allele of rs 2228570 of the Vitamin D
receptor (VDR) gene is a risk factor for PE (62% in PE vs. 55% in
controls, odds ratios =1.137, 95% confidence interval, 1.111-1.610).%°
Notably, genome-wide association studies have been carried out;
however, the lack of statistical power may have affected the results.>!
Further studies with larger sample sizes are expected.

confidence interval,



PREDICTORS OF HDP
Several epidemiological studies have attempted to determine
predictors of HDP, especially with regard to PE.

A meta-analysis has examined the utility of blood pressure in
predicting PE during the first or second trimester of pregnancy.>® The
mean value of arterial blood pressure is a better predictor of PE than
SBP, DBP or an increment in blood pressure during pregnancy for
low-risk women.> A study of Nigerian subjects has shown micro-
albuminuria appears to be a predictor of PE. However, the sensitivity
and specificity of the criteria (urinary albumin excretion > 30 mg per
24 h at booking) were 88.9% and 67.9%, respectively.’’ In addition,
proteinuria does not predict complications of PE.>® Prepregnant
BMI and BMI at booking appears to be predictors of PE. However,
a meta-analysis has found that BMI is a fairly weak predictor of PE.>?
A meta-analysis has shown that hypertriglyceridemia is associated with
and precedes the onset of PE.>

Several first-trimester risk prediction models for PE have been
developed. However, a systematic review has concluded that the
reliability and validity of these models is limited.>®

PROGNOSIS OF HDP

Cardiovascular disease

A study of Canadians has shown that GH and PE are associated with a
1.8- and 2.1-fold higher risk of future cardiovascular disease.®® A study
of Norwegian subjects has shown that PE is associated with a 1.9-fold
higher risk of death from cardiovascular disease.®’

Coronary heart disease

A study of Finnish subjects has shown that GH is associated with a
1.44-fold higher risk of ischemic heart disease, 1.75-fold higher risk of
myocardial infarction and 3.00-fold higher risk of myocardial infarct
death® in the future. A study of Danish subjects has also shown that
GH, mild PE and severe PE are associated with a 1.48-, 1.57- and
1.61-fold higher risk of ischemic heart disease, respectively.®?
A meta-analysis has shown that PE is associated with a 2.16-fold
higher risk of ischemic heart disease.”?

Heart failure

A study of Canadian subjects has shown that GH and PE are
associated with a 1.83- and 1.56-fold higher risk of heart failure or
an atrial or ventricular dysrhythmia in the future.”® A study of Finnish
subjects has shown that GH is associated with a 1.78-fold higher risk
of heart failure.%" A study of Danish subjects has shown that mild PE
and severe PE are associated with a 1.67- and 1.71-fold higher risk of
heart failure.®?

Stroke
An association between HDP and a future risk of stroke has been
reported.%:6271

A prospective study of Finnish subjects has shown that GH is
associated with a 1.59-fold higher risk of ischemic stroke.® A registry-
based cohort study of Danish subjects has also shown that GH, mild
PE and severe PE are associated with a 1.51-, 1.43- and 1.58-fold
higher risk of stroke, respectively.®> A cohort study of Scottish subjects
has also shown that GH and PE/eclampsia are associated with
a 2.42- and 3.39-fold higher risk of stroke.”! A meta-analysis has
shown that PE is associated with a 1.81-fold higher risk of stroke.”®

Cancer
A prospective study of Norwegian subjects has shown an inverse
association between GH or PE and the risk of breast cancer.®! In this
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study, subjects with GH or PE in the first pregnancy had a 0.83-fold
lower risk of breast cancer compared with subjects without them.®! A
registry-based cohort study of Danish subjects has shown that a history
of HDP is inversely associated with the risk of lung and breast cancer
but that it is positively associated with the risk of endometrial and
urinary tract cancer.®® This study has found no association between a
history of HDP and the risk of all cancers. A meta-analysis has also
reported no association between PE and the risk of any cancer.”?

Hypertension

A cohort study of UK subjects has shown that GH and PE/eclampsia
are associated with a 2.47- and 3.98-fold higher future risk of
hypertension, as diagnosed by a medical doctor.”! The registry-based
cohort study of Danish subjects has also shown that GH, mild PE and
severe PE are associated with a 5.31-, 3.61- and 6.07-fold higher risk of
hypertension, respectively.®> A meta-analysis including the UK study
described above has also shown that PE is associated with a 3.70-fold
higher risk of hypertension.”®

Diabetes mellitus

The prospective study of Finnish subjects has shown that GH is
associated with a 1.52-fold higher risk of future DM.*° The registry-
based cohort study of Danish subjects has also shown that GH, mild
PE and severe PE are associated with a 3.12-, 3.53- and 3.68-fold
higher risk of DM, respectively.®?

Other diseases
For kidney disease, a prospective study of Taiwanese subjects has
shown that a history of HDP is positively associated with a risk of
end-stage renal disease in the future.®* HDP and PE are associated
with a 1.91- and 2.17-fold higher risk of end-stage renal disease. GH is
not significantly associated with the risk of end-stage renal disease.%®
PE increases the future risk of microalbuminuria.”* A meta-analysis
has reported that PE is associated with a 4.31-fold higher risk of
microalbuminuria.”4

An association between HDP and a risk of cardiomyopathy has
recently been reported.®* In this registry-based cohort study, severe
and moderate PE have been found to be positively associated with a
risk of cardiomyopathy but not PIH. Severe and moderate PE are
associated with a 3.17- and 2.56-fold higher risk of cardiomyopathy.®

COMMENT
In the present review, we have discussed the prevalence, risk factors,
predictors and prognosis of HDP from epidemiological studies.

The prevalence of HDP and its subtypes varies among regions and
races, possibly because of differences in genetic factors, lifestyles
and social and medical environments among races and countries.
A seasonal effect on HDP has been shown in several
studies.!>1416:18:20-23 Nearly all studies have shown that the preva-
lence of HDP is high for delivery in the cold season, whereas the study
in Kuwait has shown that the prevalence of PIH is high for delivery in
the hot season. The reason for this association is not clear, because
these studies have not provided information regarding when HDP
occurred. However, according to the definition of PIH, GH and PE,
the prevalence of HDP may be high in autumn to winter. For Kuwaiti
subjects, the prevalence of PIH may be high in spring to summer.
These results suggest that the prevalence of HDP may be associated
with burdens following temperature and humidity changes.

The modifiable risk factors of HDP, BMI, anemia and lower
education levels are positively associated with the risk of HDP. Of
these, anemia is a severe health problem; the WHO (World Health
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Organization) has reported that ~30% of women of reproductive age
have anemia worldwide.”> Smoking during pregnancy may be
inversely associated with the risk of HDP; however, there are positive
associations in some populations. Plausible biological mechanisms for
the effect of smoking on the pathogenesis of PE have been studied.*?
In short, the effects of toxic chemicals in cigarettes on the circulation
and placental systems reduce the plasma volume and oxidative stress.*?
In addition, smoking during pregnancy appears to be associated with
other unfavorable outcomes. For example, a meta-analysis has shown
that smoking during pregnancy is associated with a 1.23-fold higher
risk of miscarriage.”® Therefore, expecting mothers should avoid
smoking. The effect of alcohol intake on HDP is unclear. More
evidence is needed to determine the association between alcohol intake
and the risk of HDP.

For the nonmodifiable risk factors of HDP, maternal age,
primiparous, multiple pregnancy, a history of HDP in a previous
pregnancy, GDM, preexisting hypertension, preexisting type 2 DM,
preexisting urinary tract infection and a family history of hypertension,
type 2 DM and PE are positively associated with the risk of HDP.
These results suggest that a precise interview history is important in
differentiating women with a high risk of HDP.

Duckitt and Harrington® have created a list of identified risk factors
of PE at antenatal booking visits. The list consists of 10 items: age,
parity, previous PE, a family history of PE, multiple pregnancy,
preexisting medical conditions (DM, chronic hypertension, renal
disease, autoimmune disease and antiphospholipid syndrome), time
between pregnancies, BMI, blood pressure level and proteinuria. We
suggest that the presence of anemia and urinary tract infection should
be added to the 10 items stated above. In addition, complications
including HDP and GDM in previous pregnancy should be recorded
instead of a history of previous PE.

It is important to notice signs of HDP, especially PE, because early
HDP treatment is beneficial for expectant mothers and fetuses.
A meta-analysis has shown that the mean values of arterial blood
pressure are a better predictor of PE in low-risk women. According to
the results of the study, an increase in mean arterial pressure by
>90 mm Hg in the second trimester allows detection of high-risk
expectant mothers of PE. Microalbuminuria also appears to predict
PE. However, 24 h urine collection is not easily performed in a routine
maternal health checkup. Therefore, this examination should be
performed only in mothers who have several of the above risk factors.

Epidemiological studies have revealed that HDP is associated with
future chronic disease risk. HDP is positively associated with the risk
of CHD, heart failure, dysrhythmia, stroke, hypertension, DM, end-
stage renal disease and cardiomyopathy. HDP is not associated with an
incidence of total cancer. However, an association between HDP and
the risk of specific cancers has been reported. Breast and lung cancer
may be inversely associated with a history of HDP, whereas
endometrial and urinary tract cancer may positively associate with a
history of HDP.

HDP is thought to be composed of various diseases that occur
through the confluence of both genetic and acquired factors. A genetic
variant, M235T of AGT, is strongly linked to the G-6A variant in the
promoter region; however, the possession of -6A leads to lower
promoter activity than -6G.”” Furthermore, the variant contributes to
an inadequate trophoblastic invasion of the uterine spiral artery and a
narrowing of the spiral arteries in early pregnancy.”® Our previous
results indicating that the TT genotype of AGT and a mentally stressful
condition during pregnancy are synergistically associated with HDP
are consistent with the pathophysiology described above. These results
suggest that early prediction using genetic factors and performing
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appropriate intervention for individuals may be effective for HDP
prevention, as well as in preventing future chronic diseases; however,
associating genetic factors with diseases differs according to race.

CONCLUSION

HDP is not a rare complication in pregnancy. The influence of HDP
remains for an extended duration after pregnancy. Epidemiological
studies have revealed that a history of HDP is associated with a risk of
chronic disease, particularly cardiovascular disease. HDP should be
treated not only as a maternal and perinatal health problem but also a
health problem affecting later life. Early prediction using various risk
factors, prevention through appropriate interventions and a long
follow-up for women with a history of HDP are important.
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