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Safety of Amlodipine in Early Pregnancy
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Background—Amlodipine is used for the treatment of hypertension, but reports on its use in early pregnancy are limited.

Methods and Results—In the present study, we recruited 231 women with chronic hypertension, including those who received
amlodipine or other antihypertensives during early pregnancy, and investigated frequencies of morphologic abnormalities in their
231 offspring. Specifically, we evaluated 48 neonates exposed to amlodipine in the first trimester (amlodipine group, Group A), 54
neonates exposed to antihypertensives other than amlodipine (other antihypertensive group, Group O), and 129 neonates not
exposed to antihypertensives (no-antihypertensive group, Group N). The number of morphologic abnormalities of offspring in each
group were 2 in Group A (4.2%; 95% Cl, 0.51-14.25); 3 in Group O (5.6%; 95% Cl, 1.16—15.39) and 6 in Group N (4.7%; 95% Cl,
1.73-9.85). The odds ratio of the primary outcome comparing Group A and Group O was 0.74 (95% Cl: 0.118-4.621) and Group A
and Group N was 0.89 (95% Cl: 0.174-4.575).

Conclusions—The odds of birth defects in Group A in the first trimester were not significantly different from those with or without

other antihypertensives. (J/ Am Heart Assoc. 2019;8:e012093. DOI: 10.1161/JAHA.119.012093.)

Key Words: amlodipine * chronic hypertension e first trimester ¢ pregnancy

regnancies with chronic hypertension have become
P increasingly common, partly because of the upward shift
of pregnancy ages as well as increasing rates of obesity.
Chronic hypertension during pregnancy is a risk factor for
various adverse outcomes, "Z including perinatal complications
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such as superimposed preeclampsia, premature birth, and low
birth weight.

Amlodipine, a calcium channel blocker, is long-acting and
causes relatively few adverse drug reactions associated with
vasodilation. Because of these advantages, amlodipine is
frequently used for the treatment of hypertension, except for
pregnant women. A few studies reported that calcium channel
blockers as a group may not pose a significant teratogenic
risk even in early pregnancy,®® although information on
specific calcium channel blockers is limited.

It was recently reported that hypertension itself may be
teratogenic.®” In this study, therefore, we compared the
pregnancy outcomes of 48 women with amlodipine exposure
during the first trimester with those of hypertensive women
who received nonamlodipine antihypertensives, as well as
those who did not receive any antihypertensive drugs.

Methods

The authors declare that all supporting data are available
within the article and its online supplementary files.

Study Subject

In this retrospective study, we examined birth outcomes of
pregnant women with chronic hypertension whose deliveries
resulted in live births from April 2008 to July 2016 at the
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Clinical Perspective

What Is New?

» The number of cases is greater than those in any previous
study on amlodipine use in early pregnancy.

What Are the Clinical Implications?

* The incidence of morphologic abnormalities in the offspring
of hypertensive mothers treated with amlodipine in early
pregnancy was not higher than in mothers treated with or
without other antihypertensives.

National Center for Child Health and Development (NCCHD,
Tokyo), Osaka Women’s and Children’s Hospital (OWCH,
Osaka), and National Cerebral and Cardiovascular Center
(NCCC, Osaka). We extracted the data of singletons whose
mothers’ electronic health records were coded “Hyperten-
sion” during pregnancy and of those with “Chronic hyper-
tension” documented in the delivery records. We then
excluded those who did not meet the criteria for chronic
hypertension® and the remainder were included in the final
analyses.

Ethics Committee Approval

This study has been approved by the research ethics boards
of these hospitals (NCCHD: 1243, OWCH: 1010, NCCC:
M29-073). The requirement for informed consent was
waived. All personal identifying data were removed from
the study database so that the individuals could not be
identified.

Use of Antihypertensives

The first trimester was defined in this study as the period
from estimated conception to 11 weeks and 6 days’ gesta-
tion. We classified women and neonates exposed to
amlodipine in the first trimester into the amlodipine group
(Group A), those exposed to antihypertensives other than
amlodipine (including other calcium channel blockers) into
the other antihypertensive group (Group O), and those not
exposed to antihypertensives into the no-antihypertensive
group (Group N).

Clinical Diagnosis

We confirmed the diagnosis of hypertension in pregnancy,
according to the International Society for the Study of
Hypertension in Pregnancy Classification, Diagnosis, and
Management Recommendations for International Practice.®

In this study, therefore, hypertension in pregnancy was
defined as “chronic hypertension” if the patient was diag-
nosed with hypertension before pregnancy, or if hypertension
was noted before 20 weeks’ gestation. Hypertension was
defined as a systolic blood pressure >140 mm Hg or a
diastolic blood pressure >90 mm Hg. These measurements
were made on at least 2 different occasions. Abnormal
proteinuria in pregnancy was defined as the excretion of
>300 mg of protein in 24 hours or a protein/creatinine ratio
of >0.30 g/g-Cr. Superimposed preeclampsia was diagnosed
if a woman with chronic hypertension developed new-onset
proteinuria in the setting of a rise in blood pressure or a
sudden increase in pre-existing proteinuria.

Data Analysis Framework
Primary outcome

In accordance with the European Surveillance of Congenital
Anomalies Guide 1.4 and the Reference Documents’® devel-
oped by European Surveillance of Congenital Anomalies,
neonates who exhibited “major anomalies” were considered
to have morphologic abnormalities (Table S1).

Study Participant Characteristics

Clinical information, such as birth date, underlying disease,
past medical history, previous pregnancy complications,
family history, as well as information on the course of the
index pregnancy and the newborn, were obtained from
electronic medical records.

Statistical Analysis

A 95% Cl was calculated for the incidence of malformations.
P<0.05 was considered statistically significant. The % test
was used for analyzing primary outcome and discrete
variables. Mean values of continuous variables were com-
pared by 1-way ANOVA. As a subgroup analysis, we repeated
the comparison among the 3 groups after excluding 10
women with diabetes mellitus, which is a known risk factor for
adverse pregnancy outcomes including congenital anomalies.
All analyses were performed with SAS software, version 9.4
(SAS Institute, Cary, NC).

Results

There were 25 485 live births delivered in this period. Among
them, there were 1624 singletons with “Hypertension”
documented in their mothers’ electronic medical records or
“Chronic hypertension” in the delivery records. We excluded
preeclampsia and gestational hypertension (n=457),
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postpartum hypertension (n=683), white coat hypertension,
and those who did not meet criteria of hypertension (n=244).
We also excluded a case of pulmonary hypertension (n=1) and
those without data on blood pressure before 20 weeks’
gestations (n=8). A total of 231 Japanese women met the
definition of chronic hypertension, and they were included in
the final analyses (Figure 1).

Forty-eight neonates were classified into Group A, 54
neonates into Group O, and 129 neonates into Group N. No
clear difference in patient background characteristics was
observed between groups except that Group A showed a
high proportion of women with thyroid disease as the
underlying disease, a history of hypertensive disorders of
pregnancy and those with a history of fetal growth restriction
and that Group O showed a higher age at delivery than
Group N (Table 1).

There was no statistically significant difference between
groups in all delivery outcomes (Table 2).

Morphologic abnormalities were observed in 11 of the 231
neonates: 2 of 48 neonates in Group A (4.2%; 95% CI, 0.51—
14.25), 3 of 54 neonates in Group O (5.6%; 95% CI, 1.16—
15.39), and 6 of 129 neonates in Group N (4.7%; 95% Cl,

1.73-9.85) (Table 2: P=0.944). The odds ratio of the primary
outcome comparing Group A and Group O was 0.74 (95% ClI:
0.118-4.621) and Group A and Group N was 0.89 (95% ClI:
0.174-4.575). Details of observed birth defects are summa-
rized in Table 3. We were unable to identify any specific
pattern of birth defects in this group.

We have calculated total dose to quantify the exposure
(Table S2). Total dose was obtained by amlodipine daily dose
times the total number of days of amlodipine uses during the
first trimester. The average of total dose+SD and the total
number of days£SD of amlodipine use for all cases were
363.6£257.9 mg and 65.0£25.9 days. Those of cases with
birth defects were 175 mg, 35 days (Case 1 in Table 3) and
740 mg, 74 days (Case 2 in Table 3).

Our study cohort included 10 women with diabetes
mellitus, a known risk factor for congenital anomalies: 3 in
group A, 1in group O, and 6 in group N, although there were
no birth defects among them. We performed a subgroup
analysis after excluding these subjects, but group differences
remained not statistically significant (P=0.960): morphologic
abnormalities were observed in 11 of the 221 neonates: 2 of
45 neonates in Group A (4.4%; 95% Cl, 0.54-15.15), 3 of 53

Live births
n=25,485

n=1,624 (singletons only)

“Hypertension” documented in their mothers’
electronic medical records or “Chronic
hypertension” in the delivery records

-Preeclampsia and gestational hypertension n=457
-Postpartum hypertension n=683

-White coat hypertension and those of that did not
meet criteria of hypertension n=244

- pulmonary hypertension n=1

+We could not confirm blood pressure before
20 weeks gestations n=8

Study subjects
n=231

Figure 1. Flow chart representing the recruiting process of study subjects. There were 25 485 live births
delivered in this period. Among them, there were 1624 singletons with “Hypertension” documented in their
mothers’ electronic medical records or “Chronic hypertension” in the delivery records. After excluding those
who did not meet criteria of chronic hypertension, a total of 231 neonates were included in the final

analyses.
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Table 1. Maternal Baseline Characteristics

Amlodipine (n=48) Other Antihypertensives (n=54) No Antihypertensives (n=129) P Value
Age at delivery (y—mean (SD) 37.5 (4.04) 37.9 (5.04) 36.3 (4.27) 0.047
Height, cm—mean (SD) 158.3 (4.62) 159.0 (4.64) 159.0 (5.98) 0.727
Prepregnancy body weight, kg—mean (SD) 62.2 (13.03) 66.4 (14.92) 67.9 (17.10) 0.107
Prepregnancy BMI, kg/m?>—mean (SD) 24.8 (5.02) 26.4 (6.34) 26.8 (6.42) 0.153
Nulliparous, N (%) 20 (41.7) 26 (48.1) 70 (54.3) 0.310
Underlying disease
Diabetes mellitus, N (%) 3(6.3) 1(1.9 6 (4.7) 0.533
Thyroid disease, N (%) 7 (14.6) 4 (7.4) 5 (3.9) 0.044
Kidney disease, N (%) 3(6.3) 0 (0.0) 4 (3.1) 0.184
Collagen disease, N (%) 4 (8.3) 2(3.7) 2 (1.6) 0.090
Congenital heart disease, N (%) 0 (0.0) 0 (0.0) 1(0.8) 0.672
Previous pregnancy complications
Hypertensive disorders of pregnancy, N (%) 19 (39.6) 10 (18.5) 28 (21.7) 0.024
Fetal growth restriction, N (%) 10 (20.8) 5(9.3) 7 (5.4) 0.008
Smoking during pregnancy, N (%) 0 (0.0) 3(5.6) 5 (3.9 0.287
Alcohol consumption during pregnancy, N (%) 0 (0.0) 1(1.9) 2 (1.6) 0.662
BMI indicates body mass index.
neonates in Group O (5.7%; 95% Cl, 1.18—-15.66), and 6 of 123 delivery outcomes including the twins in Group A in
neonates in Group N (4.9%; 95% Cl, 1.81-10.32) (Table S3). In Table S4.
this subgroup analysis, the odds ratio of the primary outcome
comparing Group A and Group O was 0.78 (95% Cl: 0.124—
4.857) and Group A and Group N was 0.91 (95% CI: 0.176— . .
Discussion

4.666).

A pair of twins who were excluded from the final analysis
were exposed to amlodipine in early pregnancy. We listed

Table 2. Delivery Outcomes

In this study, the rate of chronic hypertension was 0.9% and
the rate of preeclampsia and gestational hypertension was

Amlodipine (n=48) Other Antihypertensives (n=54) No Antihypertensives (n=129) P Value
Maternal outcomes
Superimposed preeclampsia, N (%) 15 (31.3) 14 (25.9) 43 (33.3 0.615
Gestational diabetes mellitus, N (%) 3(6.3) 8 (14.8) 24 (18.6) 0.125
Newborn outcomes
Gestational age, wks—mean (SD) 37.7 (2.14) 36.9 (3.43) 37.1 (3.65) 0.417
Delivery weight, g—mean (SD) 2778.4 (619.54) 2520.1 (800.09) 2536.0 (759.40) 0.123
Preterm birth (<37 wks), N (%) 10 (20.8) 12 (22.2) 41 (31.8) 0.221
Low birth weight (<2500 g), N (%) 12 (25.0) 24 (44.4) 49 (38.0) 0.116
Apgar score
1 min, mean (SD) 8.0 (0.99) 7.4 (1.97) 7.6 (1.69) 0.165
5 min, mean (SD) 8.9 (0.43) 8.5 (1.30) 8.7 (1.22) 0.203
Birth defects, N (%) 2 (4.2 3 (5.6) 6 (4.7) 0.944

There was no statistically significant difference among the groups.
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1.8%. These rates are lower than those expected from
previous data in Japan, which are 0.6% to 3.5% (0.6%; age 30—
34, 1.2%; age 35-39, 2.0%; age 4044, 3.5%; age 245)'° for
chronic hypertension, 2.3% for preeclampsia, and 2.3% for
gestational hypertension.'’

Amlodipine Use and Morphologic Abnormalities

In this study, fetal morphologic abnormalities associated with
exposure to amlodipine in the first trimester were investigated
in pregnant women with chronic hypertension in Japan.

Table 3. Details of Cases of Morphologic Abnormalities

Previous studies reported a total of 41 cases in which amlodipine
was administered during the first trimester of pregnancy, and
our dataset has added an additional 48 amlodipine-exposed
cases in the literature. In our study, morphologic abnormalities
were observed in 2 neonates in Group A (4.2%). In this group, 26
women were exposed to only amlodipine in the first trimester.
Our findings indicate that the point estimates of the odds of
major malformations are not significantly different among the
groups. However, the 95% Cl was wide because of the small
sample size. While our exploratory data are reassuring, further
research effort is clearly needed.

Age at Delivery/ Delivery Superimposed
Case | Group | Birth Defects Underlying Disease Outcome | Preeclampsia Antihypertensive Agents Other Drugs
1 A PVS 41 y.o. 35w4d - Prepregnancy to 4w6d Am 12w0d to 28w0d: LDA
Essential hypertension | 1872 g 34w5d to 35w0d Me
35w1d to delivery Me, Nif
2 A VSD 36 y.o0. 38wod — Prepregnancy to 6w4d Am 8w3d to 28w0d: LDA
Primary aldosteronism | 3217 g 6w5d to 8wod Hy
8w1d to delivery Am
3 0 Low-lying conus | 42 y.o. 29w1d + Prepregnancy to 8w2d La 12w6d to delivery: LDA
medullan§/ Essential hypertension | 521 g owad to 12w0d Me
hypospadias/
inguinal hernia 12w1d to 12wbd Me, La
12w6d to 17w5d Me, La, Am
17w6d to delivery Me, Am
4 0 VSD 38 y.o. 25w6d — Prepregnancy to delivery | Nic, La Prepregnancy to
Essential hypertension | 382 g delivery: PSL
RA 3w to delivery: LDA
5 0 Hypospadias 39 y.o. 39w4d + 8w4d to 30w2d Me None
Essential hypertension | 2912 g 30w3d to delivery Me, Am
6 N Hypospadias 33 y.0. 27w1d + 13w2d to 18w2d Hy 12w0d to delivery: LDA
Essential hypertension | 506 g 18w2d to delivery La
7 N Patent foramen 40 y.o. 35w4d + 16w0d to 24wed Me None
ovale/. Essential hypertension | 1351 g 25w0d to delivery Me, Nif
low-lying conus
medullaris
8 N Low anorectal 42 y.0. 26w0d + 21w0d to 21w1d Me None
anomgly/ Essential hypertension | 379 g 21w2d to delivery Me, Am
low-lying conus
medullaris
9 N Low-lying conus | 37 y.o. 34w3d - 16w4d to 28wbd Me None
medullaris Essential hypertension | 2108 g 28w6d to delivery Me, Am
10 N Potter syndrome | 40 y.o. 33wed - None None
Essential hypertension | 1836 g
11 N Colpocephaly 32 y.o. 40w4d — None None
Essential hypertension | 3396 g

A indicates amlodipine group; Am, amlodipine; Hy, hydralazine; La, labetalol; LDA, low-dose aspirin; Me, methyldopa; N, No antihypertensive group; Nic, nicardipine; Nif, nifedipine; O, Other
antihypertensive group; PSL, prednisolone; PVS, pulmonary valve stenosis; RA, rheumatoid arthritis; VSD, ventricular septal defect; y.o., years old.
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Figure 2. Unmeasured confounder-birth defects odds ratio. The 95% Cl was estimated by the range of 2.5
and 97.5 percentile points of exp (log [odds ratio]+error), which was calculated by Monte Carlo simulations.
The error term was randomly sampled from the Normal distribution with mean O and the SD, which was

substituted by the SE of unadjusted log odds ratio.

Use of Antihypertensives and Morphologic
Abnormalities

The use of antihypertensives in the first trimester has
generally been found not to increase the risk of morphologic
abnormalities in offspring,>*'>7'® although studies exist
showing potential associations with birth defects such as
heart malformation,®'”'? hypospadias,?®?' and central
nervous system malformation.' In our study, abnormalities
were observed in 5 of 102 (4.9%) neonates whose mothers
used antihypertensives in the first trimester (Group A+Group O)
and 6 of 129 (4.7%) whose mothers did not use antihyper-
tensives (Group N). Among the 5 offspring in the antihyper-
tensive groups (Group A+Group O), 3 had heart
malformations, and 2 had hypospadias. There was no
increase in the risk of morphologic abnormalities in the
exposed groups, compared with the group that did not take
antihypertensives (Group N) (P=0.929), although the rela-
tively frequent occurrence of heart malformations and
hypospadias was consistent with previous reports.®'’ 2" In
the present study, the women whose offspring had heart
malformations or hypospadias did not use any nonantihy-
pertensive drugs that are associated with heart malforma-
tions?? or hypospadias.?®

Maternal Hypertension and Morphologic
Abnormalities
As Shepard proposed,?* one of the essential criteria for a

human teratogen is a specific phenotype(s) of the adverse
effects. An association between maternal hypertension and

specific birth defects was recently reported.®'%2"252¢ Ano-
malies in the kidney, limbs, lips, and palate were frequently
observed in the offspring of women with chronic hyperten-
sion.” Maternal hypertension was also found to be associated
with heart malformation,®'*?"252”  hypospadias,”® and
esophageal atresia or stenosis.?’ In our study, consistent
with the previous reports, the following abnormalities (includ-
ing overlap) occurred in the offspring of women with chronic
hypertension: heart malformation in 3 cases, hypospadias in
3, central nervous system abnormalities in 5, and renal
abnormality (Potter syndrome) in 1. Possible teratogenicity of
maternal hypertension itself cannot be ruled out or confirmed
from the current study framework, mainly because of the
absence of nonhypertensive control.

Importantly, 5 of 11 women in this study whose offspring
showed morphologic abnormalities had superimposed
preeclampsia (2 women in Group O and 3 women in Group
N). Of these 5 women, 3 demonstrated hypospadias and 3
exhibited low-lying conus medullaris. van Gelder et al
reported a high risk of ventricular septal defect and atrial
septal defect in chronic hypertension women who developed
superimposed preeclampsia (antihypertensives were not
used).?’ Maternal hypertension is speculated to directly
affect fetal growth via vascular disruption or teratogenic
mechanisms.®° Physiological changes in early pregnancy that
progress to preeclampsia or gestational hypertension in late
pregnancy are also speculated to be associated with
morphologic abnormalities in some cases.”’ Whether these
observations reflect the teratogenic nature of maternal
hypertension requires further studies.

DOI: 10.1161/JAHA.119.012093

Journal of the American Heart Association 6

HDOYVHASHY TVYNIDIYO



Amlodipine Use in the First Trimester Mito et al

Limitations

We conducted a simulation about the unmeasured confound-
ing factors that could have effects on birth defects in the
comparison of Group A and Group N as a sensitivity analysis.
We set a confounder-birth defects odds ratio equal to 0.1, and
the prevalence of confounding factors among Group N was
equal to 0.05. We estimated the odds ratio of group-birth
defects depending on the prevalence of confounding factors
among Group A. Within the condition of our sample size, when
the prevalence of confounding factors among Group A was
0.95, the lower limit of 95% Cl exceeds 1 (Figure 2). These
results indicate that we cannot draw a conclusion regarding
the difference in birth defects in this study. Because of this
limitation, the effects of confounding maternal background
factors such as age, body mass index, alcohol, smoking,
underlying diabetes mellitus, and underlying congenital heart
disease could not be examined.
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SUPPLEMENTAL MATERIAL



Table S1. All Anomalies.

Nervous system

Neural Tube Defects:
Anencephalus and similar
Encephalocele

Spina Bifida

Hydrocephalus

Microcephaly

Arhinencephaly / holoprosencephaly
Eye

Anophthalmos / microphthalmos
Anophthalmos

Congenital cataract

Congenital glaucoma

Ear, face and neck

Anotia

Congenital Heart Defects (CHD)
Severe CHD

Common arterial truncus
Transposition of great

vessels

Single ventricle

VSD

ASD

AVSD

Tetralogy of Fallot

PDA as only CHD in term infants (LB and GA 37+ weeks)
Respiratory

Choanal atresia

Cystic adenomatous malf of lung

Oro-facial clefts

Cleft lip with or without cleft palate

Cleft palate

Digestive system

Oesophageal atresia with/without tracheooesophageal fistula
Duodenal atresia or stenosis

Atresia or stenosis of other parts of small intestine
Ano-rectal atresia and stenosis

Hirschsprung's disease

Atresia of bile ducts

Annular pancreas

Diaphragmatic hernia

Abdominal wall defects

Gastroschisis

Omphalocele

Urinary

Bilateral renal agenesis including Potter syndrome
Renal Dysplasia

Congenital hydronephrosis

Bladder exstrophy and/or epispadia

Posterior urethral valve and/or prune belly

Upper limb reduction

Lower limb reduction

Complete absence of a limb

Club foot - talipes equinovarus

Hip dislocation and/or dysplasia
Polydactyly

Syndactyly

Other anomalies/syndromes

Skeletal dysplasias

Craniosynostosis

Congenital constriction bands/ amniotic band
Situs inversus

Conjoined twins

Congenital skin disorders

Teratogenic syndromes with malformations
Fetal alcohol syndrome

Valproate syndrome

Maternal infections resulting in malformations
Genetic syndromes + microdeletions
Sequences

Chromosomal

Down syndrome

Patau syndrome/trisomy 13

Edwards syndrome/trisomy 18

Turner syndrome




Triscuspid atresia and stenosis
Ebstein's anomaly

Pulmonary valve stenosis
Pulmonary valve atresia
Aortic valve atresia/stenosis
Hypoplastic left heart
Hypoplastic right heart
Coarctation of aorta

Total anomalous pulm venous return

Genital
Hypospadias
Indeterminate sex
Limb

Limb reduction

Klinefelter syndrome




Table S2. Details of cases using amlodipine during the first trimester (Group A).

* Age at Birth Super

ini i Other antihypertensives Gestational Birth

Case Total amlodipine dose (mg)/period ) Yp . delivery weight imposed 1r
. . in the first trimester age ) defects
in the first trimester (y.o0.) (2) preeclampsia

1 840/ prepregnancy-11w6d - 37 38w5d 2770 + -
2 15/ 11wld-11wéd - 32 37w2d 1720 + -
3 420/ prepregnancy-11wo6d - 43 40w3d 2978 - -
4 350/ prepregnancy-7wo6d, 8w0d-11w6d - 39 38wld 3416 - -
5 300/ prepregnancy-11w6d - 37 29w0d 1075 - -
_l’_

6 175/ prepregnancy-4w6d - 41 35w4d 1872 - Casel

in table 3
7 210/ prepregnancy-11w6d - 42 37w4d 2637 - -
8 420/ prepregnancy-11wo6d - 30 39w4d 3086 - -
9 107.5/ prepregnancy-6wO0d - 39 38w5d 3240 - -
10 420/ prepregnancy-11wo6d - 37 38w0d 3626 - -
11 210/ prepregnancy-11w6d - 40 40w5d 3624 + -
12 840/ prepregnancy-11w6d Prepregnancy-11w6d:Me 39 40w3d 3200 - -
13 730/ prepregnancy-11w6d - 36 38wsd 3720 - -
Prepregnancy-5w0d: ARB
14 300/ prepregnancy-11w6d 32 38w4d 2998 - -
S5w0d-11wé6d: La

15 420/ prepregnancy-11w6d - 35 38w2d 2890 + -




16 840/ prepregnancy-11wo6d - 34 38wsd 3340

17 420/ prepregnancy-11wo6d 33w4d-11w6d: Me 38 37wld 2751

18 840/ prepregnancy-11wo6d Prepregnancy-8w3d: Me 43 39w2d 3618

19 210/ prepregnancy-11w6d - 39 38w2d 3256

20 420/ prepregnancy-11w6d - 40 38w2d 3180

21 420/ prepregnancy-11wo6d - 45 36w3d 1936
Prepregnancy-5w0d: ARB

22 840/ prepregnancy-11w6d 29 36wod 2295
prepregnancy-11w6d: Me

23 210/ prepregnancy-11w6d - 40 38w0d 3154

24 420/ prepregnancy-11wo6d - 40 38wod 2926

25 420/ prepregnancy-11wo6d - 40 38w4d 3080

26 420/ prepregnancy-11wo6d 14w4d-delivery: Me 40 38wsd 2896
Prepregnancy-5w0d: ARB

27 840/ prepregnancy-11w6d i 35 38w4d 2700

Sw0d-delivery: Me

28 420/ prepregnancy-11wo6d - 36 38w4d 2726

29 52.5/ 9w0d-11w6d Prepregnancy-5w0d: Aze 32 34w5d 1870

30 7.5/ 11w4d-11wéd - 29 35w2d 2821

31 237.5/ 4w5d-11wéd - 40 37wod 2560




32 25/ 11w2d-11wéd 10wo6d-11w2d: Me 28 34wod 2146 -
33 220/ Sw5d-11w6d - 33 40wo6d 3408 -
34 75/ prepregnancy-4w1d 4wld-11w6d: Me 35 31w2d 1134 -
35 105/ prepregnancy-5wo6d Swod-delivery: Nif 38 38w0d 2482 -
Prepregnancy-6w0d: ARB
36 107.5/ prepregnancy-6wO0d 6w0d-delivery: Me 37 39w3d 3366 -
9w5d-15wld: Hy
Prepregnancy-7w6d: ARB
37 420/ prepregnancy-11wo6d . 41 37w2d 2348 -
11w4d-delivery: Hy

+

38 740/ prepregnancy-6w4d, 8w1d-11wo6d 6w5d-8w0d: Hy 36 38w0d 3217 Case2
in table 3
39 840/ prepregnancy-11w6d Prepregnancy-20w3d: La 42 36wod 2550 -
40 197.5/ prepregnancy-4w0d, 9w0d-11w6d 4w0d-11w6d: Hy 36 38wobd 2950 -
41 160/ prepregnancy-9w0d - 39 37woéd 2310 -
42 325/ prepregnancy-9w1d 9w2d-11wé6d: Hy 36 38w4d 3554 -
43 295/ prepregnancy-8w2d Prepregnancy-8w2d: ARB 40 35w3d 1826 -
177.5/ prepregnancy-5w0d, Prepregnancy-5wO0d: Tri
44 prepregnaney=w pregnaneyow 38 37wsd 2698 i
7w0d-11w6d Twld-11w6d: Me

45 NA/ prepregnancy-8w2d S5w2d-11wé6d: Hy 42 37w2d 3170 -




46 90/ prepregnancy-5Sw0d 5w0d-11wé6d: Hy 38 37w2d 2536

47 180/ prepregnancy-5w0d S5w0d-11w6d: Nif 45 38wld 2918

48 215/ prepregnancy-6w0d - 39 39w5sd 2790

*Total dose was obtained by amlodipine daily dose times the total number of days of amlodipine uses during the first trimester.
Aze indicates azelnidipine; ARB, angiotensin II receptor blocker; Hy, Hydralazine; La, Labetalol; Me, Methyldopa;
NA, not available; Nif, Nifedipine; Tri, trichlormethiazide ; y.o., years old.



Table S3. Delivery outcomes excluding diabetes mellitus.

L. Other No
Amlodipine . . . .
(n=45) Antihypertensives Antihypertensives P
n=
(n=53) (n=123)

Maternal outcomes
Gestational diabetes mellitus N (%) 15 (33.3) 13 (24.5) 40 (32.5) 0.526
Gestational age (weeks) Mean (SD) 3(6.7) 8 (15.1) 24 (19.5) 0.128
Newborn outcomes
Gestational age (weeks) Mean (SD) 37.8 (2.17) 36.8 (3.40) 37.1 (3.67) 0.387
Delivery weight (g) Mean (SD) 2758.3 (623.90) 2494.7 (785.47) 2537.7 (765.27) 0.163
Preterm birth (<37 weeks) N (%) 9 (20.0) 12 (22.6) 39 (31.7) 0.223
Low birth weight (<2500 g) N (%) 12 (26.7) 24 (45.3) 47 (38.2) 0.161
Apgar score

1 min Mean (SD) 7.9 (0.99) 7.4 (1.98) 7.6 (1.73) 0.260

5 min Mean (SD) 8.9 (0.45) 8.5(1.31) 8.7 (1.25) 0.224
Birth defects N (%) 2(44) 3(5.7) 6 (4.9) 0.960

SD indicates standard deviation. There was no statistically significant difference among the groups.



Table S4. Delivery outcomes including a pair of twins in Group A.

Amlodipine Other No P
antihypertensives antihypertensives

Maternal outcomes n=49 n=54 n=129
Superimposed preeclampsia N (%) 16 (32.7) 14 (25.9) 43 (33.3) 0.604
Gestational diabetes mellitus N (%) 3(6.1) 8 (14.8) 24 (18.6) 0.115
Newborn outcomes n=50 n=54 n=129
Gestational age (weeks) Mean (SD) 37.8 (2.10) 36.9 (3.43) 37.1 (3.65) 0.393
Delivery weight (g) Mean (SD) 2781.1 (607.65) 2520.1 (800.09) 2536.0 (759.40) 0.108
Preterm birth (<37 weeks) N (%) 10 (20.0) 12 (22.2) 41 (31.8) 0.186
Low birth weight (<2500 g) N (%) 12 (24.0) 24 (44.4) 49 (38.0) 0.084
Apgar score

1 min Mean (SD) 8.0 (0.97) 7.4 (1.97) 7.6 (1.69) 0.154

5 min Mean (SD) 8.9 (0.42) 8.5(1.30) 8.7 (1.22) 0.190
Birth defects N (%) 2 (4.0) 3(5.6) 6 (4.7) 0.931

SD indicates standard deviation. There was no statistically significant difference among the groups.
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