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H ypertension is one of the most common medical
complications of pregnancy. Clinical management is

challenging; strategies that are standard of care in nonpreg-
nant individuals, such as lowering blood pressure (BP) to
120/80 mm Hg, may be beneficial for maternal health1 but
must be considered carefully in the context of possible
teratogenicity of medications if taken in early pregnancy. As
pregnancy progresses, the impact of drugs on blood flow and
placental perfusion must be addressed. Even if medications
are not teratogenic, less easily detected effects on placental
and fetal growth and metabolism are important. That said,
and regardless of etiology, severe hypertension—defined as
160/110 mm Hg—is associated with serious maternal
morbidity and mortality, and treatment with antihypertensive
drugs is almost always indicated.2,3 What remains unclear,
although currently under investigation, is whether the
treatment is worse than the disease in pregnancies compli-
cated by “mild to moderate” hypertension (140–159/90–
109 mm Hg). Lowering BP in women with less severe, so-
called mild to moderate hypertension is not routine practice
in the United States, although it may be appropriate in some
women with chronic hypertension, depending on maternal
symptoms, acuity of the BP increase, comorbidities, and
gestational age.2 At present, some evidence suggests that
antihypertensive treatment in women with mild to moderate
chronic or gestational hypertension may prevent the devel-
opment of severe hypertension,4 and retrospective data
suggest that lower BP is associated with better pregnancy
outcomes.5 The existing data have not demonstrated an

association of treatment to lower BP targets with fetal
benefit, although published trials were underpowered to
detect changes in fetal death. Consequently, we are left with
uncertainty regarding the impact of antihypertensive therapy
on fetal growth and long-term health. Guidelines for treat-
ment of hypertension in pregnancy vary among geographic
regions of the world except all agree that treatment of severe
hypertension is indicated.2,3

The practitioner is faced with the challenge of prescribing
(or continuing) antihypertensive medications, which may be
beneficial for the mother but are of unclear benefit for the
fetus. The drugs most commonly used—methyldopa, labeta-
lol, and nifedipine—are widely accepted as safe in pregnancy,
based on many years of experience, observational data from
large databases, and meta-analyses of multiple small clinical
trials. A recent comprehensive systematic review of published
studies addressing adverse outcomes in children with in utero
exposure to antihypertensive medications6 found 47 studies
eligible for inclusion, and only 5 were considered of excellent
quality. Although several studies reported increased odds of
preterm birth, low birth weight, and congenital malformations
in treated patients compared with normotensive untreated
reference groups, these adverse effects were not uniformly
observed in different studies within the same class of
medication. Similar adverse events were also observed in
untreated hypertensive women. The conclusions of the
authors were that although there is no compelling evidence
for teratogenicity of most antihypertensive agents, the
methodological weakness of the evidence prevents definitive
answers about the safety of these drugs, even when including
studies with hundreds of thousands of participants.6

In this issue of the Journal of the American Heart
Association (JAHA), Mito and colleagues report important
new information about amlodipine exposure in the first
trimester of pregnancy.7 Amlodipine is among the most
widely prescribed antihypertensive medications for nonpreg-
nant individuals; however, before the study by Mito and
colleagues, only limited data (<50 cases) regarding safety in
pregnancy were available.8,9 Mito and colleagues retrospec-
tively examined birth outcomes of 231 pregnant women with
chronic hypertension who delivered at the National Center for
Child Health and Development, Osaka Women’s and
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Children’s Hospital, and the National Cerebral and Cardiovas-
cular Center from 2008 to 2016 in Japan. In total, 48
participants had first-trimester exposure to amlodipine, 54
were exposed to other antihypertensives, and 129 had no
drug exposure. Rates of fetal morphologic abnormalities were
similar in all 3 groups: 4.2%, 5.6%, and 4.7%, respectively. The
5 women with malformations in the 2 groups with antihyper-
tensive medication exposure in the first trimester included 3
cases of heart malformations (pulmonary valve stenosis,
ventricular septal defect) and 2 with hypospadias. Among
women without antihypertensive exposure, there were 6
malformations including heart malformations (ventricular
septal defect, patent foramen ovale), Potter syndrome, low-
lying conus medullaris, and hypospadias. The association of
hypertension itself with specific birth defects has been
observed previously. Anomalies in the kidney, limbs, lips,
and palate; heart malformations; hypospadias; and esopha-
geal atresia have been reported.10,11 Mito and colleagues
concluded that, based on this admittedly small sample,
amlodipine exposure in early pregnancy does not appear to be
associated with an increased rate of fetal malformations
compared with other antihypertensive medications or mater-
nal hypertension without treatment.

The study by Mito et al7 is small—a weakness acknowl-
edged by the authors; however, its importance is that it
adds incrementally to the evidence regarding the safety of
amlodipine. In addition, it confirms previous reports of
comparable rates of malformations associated with both
treated and untreated hypertension that are slightly higher
than the baseline of 1% to 3% in women without exposure
to hypertension with or without medication use. In their
retrospective cohort, the authors leveraged information
obtained from electronic medical records and excluded
patients who did not meet established guidelines criteria for
chronic (preexisting) hypertension.3 There was a higher
prevalence of fetal growth restriction in a prior pregnancy in
women who were exposed to amlodipine compared with
other anthypertensive or no therapy (10/48 versus 5/54 or
7/129); however, no evidence showed lower birth weight in
the index pregnancy. The rates of preeclampsia were similar
across treatment groups (17/60 with amlodipine versus
14/57 with other medications versus 43/129 without
medication). As reported previously,12 preeclampsia was
common in pregnancies complicated by fetal malformations
(5/11).

Calcium channel blockers (CCBs) have been used to treat
hypertension in pregnancy for �30 years, with most of the
published literature and guidelines focusing on extended-
release nifedipine (nifedipine XL). The experience with
nifedipine has been favorable; although not licensed specif-
ically for pregnancy, most guidelines recommend it, along
with labetalol and methyldopa for pregnant women with

hypertension.2 Given the difficulties establishing drug safety
in pregnancy, what would be the incentive for a practitioner to
use amlodipine, given the limited published data? Amlodipine
is widely used in nonpregnant patients. It is estimated that a
significant number of pregnancies are unplanned and undiag-
nosed until the late first trimester, making it likely that
unplanned first-trimester exposure to amlodipine occurs more
frequently than reported. Any available safety data can
potentially provide invaluable reassurance to patients and
their physicians in these circumstances.

Would there be any reasons to preferentially use amlodip-
ine rather than nifedipine XL in pregnancy, provided sufficient
safety data were available? Both are dihydropyridine CCBs,
and lower BP similarly by preventing the entry of calcium
through L-type calcium channels in the vasculature.13,14 The
half-lives of the various dihydropyridines differ, which may
affect BP control over a 24-hour period. Amlodipine is one of
the longest acting dihydropyridine CCBs. Nifedipine XL is
designed to provide BP control at a constant rate over
24 hours and has a shorter half-life than amlodipine
(≥44 hours),13 but in most patients it provides adequate BP
control over a 24-hour period, provided the dose is adjusted
appropriately. A Cochrane review addressed the 24-hour BP
variability of different dihydropyridine CCBs (including
amlodipine and nifedipine XL) in studies that utilized 24-hour
ambulatory BP monitoring. The authors concluded that in 16
studies, with >2700 participants, the BP-lowering effects of all
dihydropyridine CCBs were stable over time and not signif-
icantly different.14 Differences in BP levels between different
drugs could not be compared because dosing was not
controlled.

Nifedipine is also available in a short/immediate-acting
capsule and a prolonged-acting tablet that is usually pre-
scribed 2 to 3 times daily. Nifedipine is a vasodilator, and the
shorter acting preparations are more likely to be associated
with more rapid acute decreases in BP and reflex activation of
the sympathetic nervous system, causing increases in heart
rate and headaches, especially when used at higher doses
(>60 mg/d).15,16 Moreover, abrupt decreases in BP associ-
ated with nifedipine capsules are potentially more problematic
for placental perfusion.17 Dose-related maternal adverse
effects attributable to nifedipine such as headache, tachycar-
dia, hypotension flushing, and nausea have been well
documented,15 although no comparative data exist for
amlodipine in pregnancy. Amlodipine, which has a gradual
onset of action,16 is less likely to be associated with
vasodilator symptoms and thus may be associated with
better compliance and possibly smoother 24-hour BP control
compared with twice-daily nifedipine tablets.18 However, if the
extended-release preparation of nifedipine is used, the
differences may not be significant in terms of 24-hour BP
control or side effects.19 The slow onset of amlodipine also
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implies that antihypertensive effects are delayed
(�8 hours).16 Limited information suggests that both nifedip-
ine and amlodipine get into breast milk but are unlikely to be
associated with adverse fetal effects.20 Additional questions,
not addressed by most studies, assess the impact of drug
safety for different maternal diagnoses (eg, preeclampsia
versus chronic hypertension) and pregnancy-related changes
in drug pharmacokinetics.

We are left with a situation in which some uncertainty
remains regarding important safety issues when prescribing
most antihypertensive drugs in pregnancy, despite documen-
tation of use in hundreds of thousands of women. These drugs
are not major teratogens, but more subtle and long-term
adverse consequences cannot be ruled out by available
studies. The practitioner must carefully consider the risks
versus the benefits of antihypertensive use in pregnancy, and
clinical trials are needed to compare treatment of hyperten-
sion in pregnancy with and without antihypertensive drugs.
The CHAP (Chronic Hypertension Associated With Pregnancy)
study addresses this question and is nearing completion. In
the meantime, although not the last word, Mito and
colleagues7 have contributed to our comfort with respect to
amlodipine, but at present there is little reason to preferen-
tially prescribe it over nifedipine XL in pregnant women. The
uncertainties surrounding therapeutic interventions in preg-
nancy are a fact of life and one that is not likely to be easily
resolved.

Disclosures
Dr August is a member of adjudication committees for Bayer
and Janssen. Dr Malha has no disclosures to report.

References
1. Wright JT Jr, Williamson JD, Whelton PK, Snyder JK, Sink KM, Rocco MV,

Reboussin DM, Rahman M, Oparil S, Lewis CE, Kimmel PL, Johnson KC, Goff
DC Jr, Fine LJ, Cutler JA, Cushman WC, Cheung AK, Ambrosius WT. A
randomized trial of intensive versus standard blood-pressure control. N Engl J
Med. 2015;373:2103–2116.

2. ACOG practice bulletin no. 203 summary: chronic hypertension in pregnancy.
Obstet Gynecol. 2019;133:215–219.

3. Brown MA, Magee LA, Kenny LC, Karumanchi SA, McCarthy FP, Saito S, Hall
DR, Warren CE, Adoyi G, Ishaku S. Hypertensive disorders of pregnancy: ISSHP
classification, diagnosis, and management recommendations for international
practice. Hypertension. 2018;72:24–43.

4. Magee LA, von Dadelszen P, Rey E, Ross S, Asztalos E, Murphy KE, Menzies J,
Sanchez J, Singer J, Gafni A, Gruslin A, Helewa M, Hutton E, Lee SK, Lee T,
Logan AG, Ganzevoort W, Welch R, Thornton JG, Moutquin JM. Less-tight

versus tight control of hypertension in pregnancy. N Engl J Med. 2015;372:
407–417.

5. Ankumah NA, Cantu J, Jauk V, Biggio J, Hauth J, Andrews W, Tita AT. Risk of
adverse pregnancy outcomes in women with mild chronic hypertension before
20 weeks of gestation. Obstet Gynecol. 2014;123:966–972.

6. Fitton CA, Steiner MFC, Aucott L, Pell JP, Mackay DF, Fleming M, McLay JS. In-
utero exposure to antihypertensive medication and neonatal and child health
outcomes: a systematic review. J Hypertens. 2017;35:2123–2137.

7. Mito A, Murashima A, Wada Y, Miyasato-Isoda M, Kamiya CA, Waguri M,
Yoshimatsu J, Yakuwa N, Watanabe O, Suzuki T, Arata N, Mikami M, Ito S.
Safety of amlodipine in early pregnancy. J Am Heart Assoc. 2019;8:e012093.
DOI: 10.1161/JAHA.119.012093.

8. Weber-Schoendorfer C, Hannemann D, Meister R, Elefant E, Cuppers-
Maarschalkerweerd B, Arnon J, Vial T, Rodriguez-Pinilla E, Clementi M,
Robert-Gnansia E, De Santis M, Malm H, Dolivo A, Schaefer C. The safety of
calcium channel blockers during pregnancy: a prospective, multicenter,
observational study. Reprod Toxicol. 2008;26:24–30.

9. Ahn HK, Nava-Ocampo AA, Han JY, Choi JS, Chung JH, Yang JH, Koong MK,
Park CT. Exposure to amlodipine in the first trimester of pregnancy and during
breastfeeding. Hypertens Pregnancy. 2007;26:179–187.

10. Bateman BT, Huybrechts KF, Fischer MA, Seely EW, Ecker JL, Oberg AS,
Franklin JM, Mogun H, Hernandez-Diaz S. Chronic hypertension in pregnancy
and the risk of congenital malformations: a cohort study. Am J Obstet Gynecol.
2015;212:337.e331–314.

11. Bellizzi S, Ali MM, Abalos E, Betran AP, Kapila J, Pileggi-Castro C, Vogel JP,
Merialdi M. Are hypertensive disorders in pregnancy associated with
congenital malformations in offspring? Evidence from the WHO Multicountry
cross sectional survey on maternal and newborn health. BMC Pregnancy
Childbirth. 2016;16:198.

12. van Gelder MM, Van Bennekom CM, Louik C, Werler MM, Roeleveld N, Mitchell
AA. Maternal hypertensive disorders, antihypertensive medication use, and the
risk of birth defects: a case-control study. BJOG. 2015;122:1002–1009.

13. Elliott WJ, Ram CV. Calcium channel blockers. J Clin Hypertens (Greenwich).
2011;13:687–689.

14. Ghamami N, Chiang SH, Dormuth C, Wright JM. Time course for blood pressure
lowering of dihydropyridine calcium channel blockers. Cochrane Database Syst
Rev. 2014;Cd010052.

15. Khan K, Zamora J, Lamont RF, Van Geijn HP H, Svare J, Santos-Jorge C,
Jacquemyn Y, Husslein P, Helmer HH, Dudenhausen J, Di Renzo GC, Roura LC,
Beattie B. Safety concerns for the use of calcium channel blockers in
pregnancy for the treatment of spontaneous preterm labour and hypertension:
a systematic review and meta-regression analysis. J Matern Fetal Neonatal
Med. 2010;23:1030–1038.

16. Burges R, Moisey D. Unique pharmacologic properties of amlodipine. Am J
Cardiol. 1994;73:2a–9a.

17. Brown MA, Buddle ML, Farrell T, Davis GK. Efficacy and safety of nifedipine
tablets for the acute treatment of severe hypertension in pregnancy. Am J
Obstet Gynecol. 2002;187:1046–1050.

18. Mounier-Vehier C, Bernaud C, Carre A, Lequeuche B, Hotton JM, Charpentier
JC. Compliance and antihypertensive efficacy of amlodipine compared with
nifedipine slow-release. Am J Hypertens. 1998;11:478–486.

19. Zidek W, Spiecker C, Knaup G, Steindl L, Breuer HW. Comparison of the
efficacy and safety of nifedipine coat-core versus amlodipine in the treatment
of patients with mild-to-moderate essential hypertension. Hypertension Study
Group. Clin Ther. 1995;17:686–700.

20. Naito T, Kubono N, Deguchi S, Sugihara M, Itoh H, Kanayama N, Kawakami J.
Amlodipine passage into breast milk in lactating women with pregnancy-
induced hypertension and its estimation of infant risk for breastfeeding. J Hum
Lact. 2015;31:301–306.

Key Words: Editorials • high blood pressure • hyperten-
sion • pregnancy

DOI: 10.1161/JAHA.119.013495 Journal of the American Heart Association 3

Antihypertensive Medications in Pregnancy Malha and August
E
D
IT

O
R
IA

L

https://doi.org/10.1161/JAHA.119.012093

