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Abstract Hypertension in pregnancy (HP) is a multi-
factorial disease manifested due to a complex combi-
nation of environmental factors and several
predisposing genes including factors in the renin angio-
tensin system. The aim of this study was to assess the
association between the A1166C variant of the angio-
tensin II type 1 receptor (AT1) gene and severe HP. We
carried out association studies and multivariate analyses
including other candidate causal factors of HP such as
the M235T variant of the angiotensinogen (AGT) gene,
prepregnancy body mass index (BMI), and family his-
tory of hypertension in Japanese subjects. One hundred
and fourteen patients with severe HP and 291 normal
pregnancy controls were genotyped. Among primipa-
rous subjects, the frequency of ‘‘AC+CC genotype of
AT1’’ was significantly higher in severe HP than in the
controls. A multivariate analysis with ‘‘AC+CC geno-
type of AT1’’ and ‘‘TT genotype of AGT’’ revealed that
these were independently associated with primiparous
severe HP. However, when ‘‘family history of hyper-
tension’’ and ‘‘prepregnancy BMI ‡25’’ were added as
factors examined in the multivariate analysis, only ‘‘TT

genotype of AGT’’ and ‘‘family history of hypertension’’
were found to be independent potent factors. The pres-
ent results suggest that the C1166 allele of the AT1 gene
may be concerned with the predisposition to essential
hypertension independently of the T235 allele of the
AGT gene.
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Introduction

Hypertension in pregnancy (HP), including preeclamp-
sia (PE), a proteinuric and/or edematous type of HP, is a
major contributor to maternal, fetal, and neonatal
morbidity and mortality. HP occurs in about 5% of
pregnancies and is considered to be a multifactorial
disease manifested due to a complex combination of
environmental factors and several predisposing genes
whose products likely interact with each other.

Genes coding for components of the renin angioten-
sin system involved in blood pressure regulation and
vascular smooth muscle cell proliferation are considered
to be candidate genes for risk factors for HP as well as
essential hypertension. A molecular variant of the
angiotensinogen (AGT) gene encoding threonine (T235)
instead of methionine (M235) at residue 235 in exon 2
(Jeunemaitre et al. 1992) was shown to be associated
with essential hypertension, and this association has
been confirmed by some other investigators (Hata et al.
1994; Caulfield et al. 1994). An association with this
allele was also demonstrated for primigravid PE in
Caucasians (Ward et al. 1993) and HP in Japanese
(Kobashi et al. 1999). A promoter mutation of G(�6)A
is present in 99% of women with the M235T mutation,
and in vitro studies have suggested that the A(�6) may
cause elevated AGT expression in vivo (Inoue et al.
1997). Recently, it was reported that T235 might be
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concerned with abnormal pregnancy-induced spiral
artery remodeling occurring early in pregnancy, which
might lead to reduced uteroplacental blood flow and
initiate the cascade of events leading to PE (Morgan
et al. 1999).

On the other hand, in 1994, a polymorphism of the
angiotensin II type 1 receptor (AT1) gene, namely an
adenine/cytosine (A/C) base substitution at position
1166 located in the 3¢ untranslated region, was identified
and an increased prevalence of the C allele in hyper-
tensive disorders was found (Bonnardeaux et al. 1994).
This association has been confirmed by some investiga-
tors (Szombathy et al. 1998; Jiang et al. 2001) but not by
others (Schmidt et al. 1997; Takami et al. 1998). More
recent studies further demonstrated associations
between the C1166 allele of the AT1 gene and HP in
Caucasian (Nalogowska-Glosnicka et al. 2000) and
Polish (Seremak-Mrozikiewicz et al. 2000) subjects.
However, the C1166 allele of the AT1 gene has not yet
been confirmed to be an independent variant when other
possible risk factors are included in analyses.

In this study, we investigated the genotype of the AT1
gene in patients with HP and normal pregnant women
and detected a significant association of the C1166
variant of the AT1 gene with HP. Further, we carried
out a multivariate analysis of the AT1 and AGT geno-
types in primiparous subjects and found that these were
independently associated with HP, suggesting that the
C1166 variant of the AT1 gene may be an additional risk
factor for HP.

Materials and methods

Subjects

Japanese patients with severe HP and controls were recruited from
women who delivered singletons at Hokkaido University Hospital
and its affiliated hospitals. Women with preexisting hypertension
were excluded to make the present cases the pure type of HP.
Women with renal disease, diabetes mellitus, amniotic volume
abnormalities, or fetal anomalies were also excluded. Severe HP
was diagnosed according to the criteria of the National High Blood
Pressure Education Program Working Group (1990). The criteria

for severe HP were as follows: (1) a blood pressure reading of
160/110 mmHg or more after the 20th gestational week, (2) pro-
teinuria was defined as the excretion of 30 mg/dl (1+ on dipstick)
or greater, (3) women with blood pressure of more than
140/90 mmHg or proteinuria prior to the 20th gestational week or
4 weeks after delivery were excluded from the HP subjects because
they may have had latent hypertensive or renal diseases. Finally,
114 patients with severe HP agreed to participate in this study
between 1993 and 1996, and 291 controls were randomly selected
from normal pregnant women who also agreed to participate in the
study between April 1993 and March 1994. Informed consent for
the study was obtained from every subject following guidelines for
informed consent in epidemiological studies in Japan (Tamakoshi
et al. 2000), and the present study was approved by the institutional
review board of Hokkaido University School of Medicine.

Clinical characteristics and pregnancy outcomes of cases of
severe HP and controls are shown in Table 1. Prepregnancy body
mass index (BMI) and the rate of positive family history of
hypertension were significantly higher in the women with severe HP
than in the controls, while no significant differences in the rate of
primiparas or the maternal age were detected between the two
groups. The gestational weeks at delivery were higher and birth
weight significantly lower in the severe HP group than in the
controls. About 30% of severe HP cases were complicated with
intrauterine fetal growth restriction.

Genotyping

Genomic DNA was extracted from peripheral leukocytes and the
genotyping with respect to the A1166C variant of the AT1 gene was
performed by using allelespecific oligonucleotide hybridization of
PCR-amplified products as previously described (Bonnardeaux
et al. 1994). The occurrence of T235 homozygotes (TT) of the AGT
gene was also examined by using T th111I digestion of
PCR-amplified products as previously described (Russ et al. 1993).

Statistical analysis

Statistical analyses were performed to compare the number of
C1166 alleles with that of A1166 alleles for the AT1 gene and the
number of C1166 homozygous (CC) plus heterozygous (AC)
women with that of A1166 homozygous (AA) women. The differ-
ences were analyzed statistically by the chi-square test (df=1).
Yates’ correction for continuity was used when an observed
number was £ 5.

In the multivariate analysis, a stepwise method was applied to
select significant (p<0.05) factors among four factors existing
before pregnancy that were significantly associated with HP in
univariate analyses, i.e., ‘‘family history of hypertension,’’ ‘‘pre-
pregnancy high body mass index (BMI ‡25),’’ ‘‘T235 homozygous

Table 1 Clinical characteristics and pregnancy outcomes of women with severe hypertension in pregnancy and normal controls

Parity Severe hypertension in pregnancy (n=114) Controls (n=291)

Percentage (number) of primiparas 64.0 (73/114) 56.7 (165/291)
Maternal age (years) (mean ± SE) 29.7±0.5 29.2±0.3

Primipara 27.7±0.5 27.3±0.3
Family history of hypertension (%) 30.8** 13.1

Primipara 31.5** 15.2
Prepregnancy body mass index (mean ± SE) 22.5±0.4* 21.1±0.2

Primipara 21.7±0.4 20.7±0.2
Gestational weeks at delivery (mean ± SE) 36.6±0.3** 39.1±0.1

Primipara 37.0±0.3** 39.2±0.1
Birth weight of neonates (g) (mean ± SE) 2,444±80** 3,160±21

Primipara 2,478±94** 3,122±27
Percentage of intrauterine growth restriction (%) 31.6 0

Primipara 37.0 0

*p<0.01, **p<0.001 versus controls
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(TT) genotype of AGT gene,’’ and ‘‘AC+CC genotype of AT1
gene,’’ adjusted for ‘‘maternal age.’’ A multiple logistic model was
applied to evaluate the odds ratios of the major risk factors. All
statistical analyses were conducted by use of a statistical analysis
system package (SAS Institute, Inc., Cary, NC, USA).

Results

Table 2 shows the distribution of A1166C variants of
AT1 determined in 114 patients with severe HP (73
primiparous and 41 multiparous women) and 291 nor-
mal controls (165 primiparous and 126 multiparous
women). Among the total subjects, the frequencies of
allele C and women with AC+CC genotypes were sig-
nificantly higher in severe HP (10.1 and 18.0%) cases
than in controls (5.8 and 10.8%, respectively) (both
p<0.05). Among primiparous subjects, the frequencies
were also significantly higher in severe HP (10.3 and
19.2%) cases than in controls (4.2 and 7.9%, respec-
tively) (both p<0.05), whereas no significant differences
were found among multiparous subjects (9.8 and 17.1%
in severe HP vs 7.9 and 14.3% in controls, respectively).

Table 3 shows the odds ratios of selected risk factors
before pregnancy for primiparous severe HP. In uni-
variate analyses, four factors, i.e., ‘‘AC+CC genotype
of AT1,’’ ‘‘TT genotype of AGT,’’ ‘‘prepregnancy BMI
‡25,’’ and ‘‘family history of hypertension’’ were sig-
nificantly associated with primiparous severe HP. Fur-
ther, multivariate analysis to clarify genotype–genotype
confounding with ‘‘AC+CC genotype of AT1’’ and
‘‘TT genotype of AGT’’ revealed that they were inde-
pendently associated with primiparous severe HP. When
‘‘family history of hypertension’’ and ‘‘prepregnancy

BMI ‡25’’ were added as examined factors for further
multivariate analysis, ‘‘TT genotype of AGT’’ and
‘‘family history of hypertension’’ were found to
be independent potent factors. The odds ratios of the
two factors were 2.7 and 2.2, respectively, in a multiple
logistic model.

Discussion

The association between C1166 of the AT1 gene and HP
was reported in Caucasian (Nalogowska-Glosnicka
et al. 2000) and Polish (Seremak-Mrozikiewicz et al.
2000) subjects. The present study demonstrated not only
the association of the AT1 variant with severe HP but
also interrelationships among the variants of the AT1
and the AGT genes, high BMI, and family history of
hypertension in the manifestation of severe HP in Jap-
anese subjects. The distribution of the AT1 variants in
controls observed in this study was compatible with that
found in the Japanese population at large (Ono et al.
2003) and displayed Hardy–Weinberg equilibrium.

The category of HP contained two subtypes: women
with proteinuric and/or edematous type HP (PE) and
women without those features (gestational hypertension;
GH). Regarding PE, villous disorders, including
abnormal pregnancy-induced spiral artery remodeling
occurring early in pregnancy, are thought to be among
its causes (Morgan et al. 1999), whereas most GH is
believed to be latent essential hypertension unmasked
during pregnancy (National High Blood Pressure Edu-
cation Program Working Group 1990). In the present
study, the frequencies of C1166 and AC+CC genotypes

Table 2 Distribution of A1166C variants of AT1 in women with severe hypertension in pregnancy and controls

Parity Diagnosis No. of cases studied Genotype Frequency (%)

AA AC CC Allele C AC+CC

Primipara SHP 73 59 13 1 10.3* 19.2*
Controls 165 152 12 1 4.2 7.9

Multipara SHP 41 34 6 1 9.8 17.1
Controls 126 108 16 2 7.9 14.3

Total SHP 114 93 19 2 10.1* 18.0*
Controls 291 260 28 3 5.8 10.8

SHP, severe hypertension in pregnancy
*p<0.05 vs controls tested by chi-square test (df=1)

Table 3 Odds ratios of selected risk factors existing before pregnancy for primiparous severe hypertension in pregnancy: multivariate
analysis

Crude OR (95%CI) OR (95%CI)a OR (95%CI)b

AC+CC genotype of AT1 2.8 (1.2–6.3)* 2.4 (1.0–5.7)* 2.3 (1.0–5.6)
TT genotype of AGT 2.6 (1.4–4.8)** 2.7 (1.4–5.1)** 2.7 (1.4–5.4)**
Prepregnancy BMI ‡25 2.5 (1.0–6.1)* – 2.6 (1.0–6.7)
Family history of hypertension 2.6 (1.3–4.9)** – 2.2 (1.1–4.5)*

*p<0.05, **p<0.01, ***p<0.001
aMultivariate analysis with AC+CC genotype of AT1 and TT genotype of AGT, adjusted for maternal age
bMultivariate analysis with AC+CC genotype of AT1, TT genotype of AGT, prepregnancy BMI ‡25 and family history of hypertension,
adjusted for maternal age
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were 19.6 and 34.7% (8/23), respectively, in severe GH
and 7.7 and 14.2% (13/91), respectively, in severe PE
(the data are not shown in the tables). Our results seem
to be consistent with the previous reports that demon-
strated an association between C1166 of the AT1 gene
and essential hypertension (Bonnardeaux et al. 1994;
Szombathy et al. 1998; Jiang et al. 2001), although the
number of the cases are small yet. We think it is neces-
sary in future studies to clarify whether C1166 is par-
ticularly associated with severe GH or not and whether
C1166 is associated with cases that have both GH and
latent essential hypertension.

In the final multivariate analysis, the factors ‘‘family
history of hypertension’’ and ‘‘prepregnancy BMI
‡25’’ reduced the p-values of ‘‘AC+CC genotype of
AT1,’’ and eliminated the significance, suggesting that
these factors were not independent of each other,
whereas, ‘‘TT genotype of AGT’’ was found to be
independent of these factors. This result was consistent
with the previously proposed hypothesis that the T235
variant of the AGT gene may be concerned with
abnormal pregnancy-induced spiral artery remodeling
(Morgan et al. 1999). On the other hand, the AC(CC)
genotypes of AT1 may be related to the family history
of hypertension and prepregnancy high BMI, which
were concerned with the predisposition to essential
hypertension.

The molecular and biochemical mechanism by which
the A1166C variant of the AT1 gene is involved in the
manifestation of HP is still obscure, since the variable
nucleotide is located in the 3¢ untranslated region
(Duncan et al. 2001). The allele C1166 has been reported
to be associated with aortic stiffness (Lajemi et al. 2001)
but not associated with hypertension in the elderly (Li-
you et al. 1999). In the present study, no significant
association was found between AT1 and HP in elderly
pregnancy, and multivariate analysis also revealed that
the association of AT1 with HP was independent of
maternal age. It was reported that the A1166C poly-
morphism does not have a major effect on the actions of
angiotensin II (Hilgers et al. 1999), while the polymor-
phism was found to be associated with salt sensitivity in
hypertensive patients (Spiering et al. 2000). Elucidation
of whether there is synergism and/or interaction between
the AT1 genotype and dietary salt intake during preg-
nancy in the manifestation of HP will be the next goal of
our future studies.

In summary, C1166 of the AT1 gene was associated
with severe HP independently of T235 of the AGT gene
in Japanese subjects. Further studies enrolling larger
population samples and different ethnic groups will be
useful for elucidating the pathogenesis of HP and
establishing preventive strategies against HP.
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