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BACKGROUND: We aimed to address which antihypertensives are superior to placebo/no therapy or another antihypertensive
for controlling nonsevere pregnancy hypertension and provide future sample size estimates for definitive evidence.

METHODS: Randomized trials of antihypertensives for nonsevere pregnancy hypertension were identified from online
electronic databases, to February 28, 2021 (registration URL: https://www.crd.york.ac.uk/PROSPERO/; unique identifier:
CRD42020188725). Our outcomes were severe hypertension, proteinuria/preeclampsia, fetal/newborn death, small-for-
gestational age infants, preterm birth, and admission to neonatal care. A Bayesian random-effects model generated estimates
of direct and indirect treatment comparisons. Trial sequential analysis informed future trials needed.

RESULTS: Of 1246 publications identified, 72 trials were included; 61 (6923 women) were informative. All commonly prescribed
antihypertensives (labetalol, other B-blockers, methyldopa, calcium channel blockers, and mixed/multi-drug therapy) versus
placebo/no therapy reduced the risk of severe hypertension by 30% to 70%. Labetalol decreased proteinuria/preeclampsia
(odds ratio, 0.73 [95% credible interval, 0.54-0.99]) and fetal/newborn death (odds ratio, 0.64 [0.30-0.98]) compared with
placebo/no therapy, and proteinuria/preeclampsia compared with methyldopa (odds ratio, 0.66 [0.44-0.99]) and calcium
channel blockers (odds ratio, 0.63 [0.41-0.96]). No other differences were identified, but credible intervals were wide. Trial
sequential analysis indicated that 2600 to 10000 women/arm (severe hypertension or safety outcomes) to >15000/arm
(fetal/newborn death) would be required to provide definitive evidence.

CONCLUSIONS: In summeary, all commonly prescribed antihypertensives in pregnancy reduce the risk of severe hypertension,
but labetalol may also decrease proteinuria/preeclampsia and fetal/newborn death. Evidence is lacking for many other safety
outcomes. Prohibitive sample sizes are required for definitive evidence. Real-world data are needed to individualize care.
(Hypertension. 2022;79:614-628. DOI: 10.1161/HYPERTENSIONAHA.121.18415.) e Supplemental Material
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cause of maternal, fetal, and newborn mortality and
morbidity, worldwide. As such, a large proportion of
antenatal care is devoted to their detection.

It is established that antihypertensive therapy is better
than placebo or no antihypertensive therapy (placebo/
no therapy) at decreasing the risk of severe maternal
hypertension.! A strategy of blood pressure (BP) control

Hypertensive disorders of pregnancy are a leading

in pregnancy with antihypertensive therapy reduces
severe hypertension without adversely affecting fetal/
newborn death or illness, fetal growth restriction, or pre-
term birth.2 Importantly, severe hypertension is associ-
ated with heightened maternal and fetal/newborn risk,
similar to (and independent of) preeclampsia, making
severe hypertension an outcome worthy of avoidance,
and not just one worthy of detection and treatment?
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NOVELTY AND RELEVANCE
What Is New? the risk of adverse maternal outcome, including severe

All commonly used antihypertensive agents significantly
decrease the risk of severe hypertension, but labetalol
may also decrease the risk of proteinuria/preeclampsia
and perinatal death.

What Is Relevant?

All commonly used antihypertensive agents are not avail-
able in all care settings at all times.

Antihypertensive therapy of nonsevere hypertension in
pregnancy is recommended by the International Society
for the Study of Hypertension in Pregnancy, to a tar-
get diastolic blood pressure of 85 mmHg, to decrease

hypertension.

Clinical/Pathophysiological Implications?

Estimates of effect include important benefits and
harms, but prohibitively large sample sizes would be
required to provide definitive evidence for superior-
ity of one of commonly used agent or class of agent
over others. To provide timely evidence to inform
clinical care, study designs are needed that facilitate
evaluation of large numbers of participants with var-
ied baseline characteristics, and the impact of relevant
antihypertensive interventions on core outcomes.

Nonstandard Abbreviations and Acronyms

BP blood pressure

Cl credible interval

NMA network meta-analysis
OR odds ratio

RCT randomized controlled trial
RRR relative risk reduction
SGA small-for-gestational age
TSA trial sequential analysis

Many national and international clinical practice guide-
lines now advocate BP control in pregnancy*®

The choice of antihypertensive therapy in pregnancy
remains controversial. In previous direct comparisons,
no antihypertensive has been shown to be superior to
others, even among the most commonly recommended:
labetalol, other 3-blockers, nifedipine, and methyldopa.
However, there is substantial uncertainty around point
estimates of effect, due (at least in part) to the lim-
ited number of high-quality randomized controlled tri-
als (RCTs) comparing drugs directly. However, recent
advances in meta-analytical methods now enable use
of indirect evidence, through network meta-analysis
(NMA), an approach that pools data from multiple dif-
ferent treatments and their comparisons, and not just
from pairs of treatment versus control options, thereby
allowing one to compare the relative effectiveness of
several treatments.®”

Using a Bayesian NMA framework® we sought to
address which antihypertensive agent(s) is(are) supe-
rior to placebo/no therapy or other antihypertensives for
lowering BP in nonsevere hypertension in pregnancy,
without increasing fetal/newborn complications; and
where no firm conclusions for the main outcomes could

Hypertension. 2022;79:614-628. DOI: 10.1161/HYPERTENSIONAHA.121.18415

be drawn, estimate the additional number of trial partici-
pants required to draw clinically relevant conclusions and
guide clinical practice.

METHODS

This systematic review was prospectively registered and
amendments documented (CRD42020188725) and did not
require ethics approval as it involved completed research find-
ings. The authors declare that all supporting data are available
within the article and its Supplemental Materials.

Our search strategy of electronic databases, run from
January 01, 2017 to February 28, 2021, mirrored that of the
relevant Cochrane review run on September 13,2017, without
language restrictions (for details, see Table S1). Reference lists
of retrieved studies were reviewed for additional eligible trials.

Included were all randomized trials of antihypertensives
for nonsevere pregnancy hypertension (as the timeframe for
treatment and place of care differ for severe hypertension),
regardless of pregnancy hypertension type® previous antihy-
pertensive treatment, or multiple gestation. Nonsevere hyper-
tension was systolic BP 140 to 169 mmHg and diastolic BP
90 to 109 mmHg. Also, studies were included if women were
described as having nonsevere or mild-moderate hypertension
and a relevant BP range was specified.

Antihypertensive therapy was any pharmacological inter-
vention to lower BPR, regardless of route of administration or
place of care. Treatment duration was >7 days. Comparators
were placebo, no antihypertensive, or another antihyperten-
sive, including agents of the same drug class and multi-drug
approaches.

Trials were excluded if: they enrolled women postpartum,
or >b60% of women had severe hypertension at enrolment (ie,
systolic BP =160 mm Hg or diastolic BP =110 mmHg), unless
women with nonsevere hypertension were reported separately;
the intervention aimed to reduce preeclampsia risk (not BP); or
there were unresolved data integrity concerns.

The main outcomes were severe hypertension, proteinuria/
preeclampsia, fetal/neonatal death, small-for-gestational age
(SGA) infants, preterm birth, and admission to neonatal care.
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Secondary outcomes for the woman were need for additional
antihypertensive (if BP goals were not achieved), changed/
stopped drug due to maternal side effects, placental abruption,
and Caesarean. Secondary outcomes for the baby were perinatal
(fetal/newborn death, including miscarriage), respiratory distress
syndrome (or respiratory support), and neonatal seizures.

The following core maternal outcomes in pregnancy hyper-
tension were not included as they were reported by few trials or
outcomes were too uncommon: maternal death, severe mater-
nal morbidity, maternal admission to intensive care, intubation
or ventilation other than for childbirth, and postpartum hemor-
rhage.'® We did not evaluate severe preeclampsia specifically,
as it is variably defined,® but used it when preeclampsia was not
reported (for outcome definitions, see Table S2).

Search results were screened by 2 reviewers (S. Omar and
S. Prasad) and full texts of all relevant reports retrieved and
reviewed. Data were abstracted by 3 reviewers (Dr Abalos, S.
Omar, and S. Prasad), using a review-specific form. Disagreement
was resolved by consulting LA Magee and through consensus.

Included were all participants randomized who had known
outcomes. Authors were contacted for clarification.

Quality was designated as low, high, or unclear based on:
random sequence generation, allocation concealment, blinding
of participants and personnel, blinding of outcome assessment,
incomplete outcome data, and selective reporting.'" A trial was
at high risk of bias overall if it were at high risk of bias in either
random sequence generation or allocation concealment.

Our primary analysis focussed on antihypertensives consis-
tently recommended in clinical guidelines and in common use:
labetalol, B-blockers, methyldopa, calcium channel blockers
(includes nifedipine), and a multi-drug group.

Where head-to-head trials were available, Bayesian meta-
analysis was used compare each antihypertensive with pla-
cebo/no therapy or another antihypertensive. Results were
summarized with odds ratios (ORs) and 95% credible intervals
(CI). Heterogeneity was summarized using the F statistic and
classified as: may not be important (F<40%), may represent
moderate heterogeneity (30%—60%), may represent substan-
tial heterogeneity (50%-90%), and considerable (>75%)."

For the NMA, a Bayesian random-effects model was used
to generate estimates of direct and indirect treatment compari-
sons.® For any 2 interventions, direct estimates were obtained
by pooling data from head-to-head trials that compared those
interventions, while indirect estimates were obtained by pooling
data from trials through all common comparators. Trials with 3
arms had their data assigned to the relevant groups, so there
was no double-counting. Rather than discarding trials (or apply-
ing continuity corrections) to studies with zero outcomes in at
least one arm, the Bayesian approach naturally incorporates
these as plausible values under the assumed prior distributions.

For each main outcome, we summarized network character-
istics and created network plots to visualize direct and indirect
paths, with the thickness of lines proportional to the number of
available trials. Outcomes were summarized with league tables
showing the combined network (direct+indirect) OR and 95%
Cl for each comparison.'?

In both the meta-analysis and NMA, trace plots were used
to assess convergence of the Markov Chain Monte Carlo
algorithms; all models were fit on 5000 burn-in samples and
25000 Markov Chain Monte Carlo iterations.” Noninformative
priors were used throughout.
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Heterogeneity was quantified for each main outcome by an
overall inconsistency index between direct and indirect ORs,
the Bayesian NMA version of 2 P<0.05 was considered sta-
tistically significant.

Publication bias for main outcomes was assessed when
there were >10 informative trials. Funnel plots were used to
assess asymmetry visually and if asymmetry were suggested,
an exploratory analysis was planned to investigate it via Egger
test or the trim-and-fill method.

Sensitivity analyses were undertaken to (1) include tri-
als of differential BP control; (2) include trials of antihyper-
tensives less-commonly prescribed; and (3) exclude trials at
high risk of bias. In analysis (1), data from tight BP control
arms were assigned to multi-drug therapy if multiple agents
were used; data from less tight arms were assigned to the
placebo/no therapy group, as treatment was similar in that
additional antihypertensive was administered if BP rose to
unacceptable levels.

All meta-analyses were conducted using the Bayesmeta
package' and NMA conducted using the BUGSnet package
in R.'> A 95% Cl that excluded 1.0 was statistically significant.

Trial sequential analysis (TSA) was undertaken to inform
NMA drug versus drug comparisons having at least one head-
to-head trial. We estimated future sample sizes needed to detect
differences in outcome, varying the relative risk reduction (RRR)
between 10% (for noninferiority) and 30% (for superiority), and
assuming a 5% significance level, 90% power, and outcome
rates at the median in the antihypertensive arm of placebo/no
therapy trials. For secondary outcomes, we estimated needed
sample size based on median event rate and a 20% RRR
Analyses were conducted using open-access software.'®

RESULTS

Our search identified N=1247 publications, from elec-
tronic databases (N=1168), the relevant Cochrane
review' (N=73), and other sources (N=6). Duplicate pub-
lications were removed (N=474). Further exclusions were
made following title/abstract review (N=689 plus N=4
ongoing trials) and full-text review (N=8, four of which
were designated as awaiting classification because
further information was requested from the authors or
a specific editorial caution had been issued).""? Sev-
enty-two trials were included—N=61 trials from the prior
Cochrane review' and N=11 new trials, N=8 previously
excluded from the Cochrane review, because they com-
pared antihypertensives within the same drug class or
N=3 because they were trials of differential BP con-
trol. 267 See Appendix in the Supplemental Material for
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses flow diagram (Figure S1) and check-
list (Tables S3 and S4).

Trial Characteristics

Table 1 presents characteristics of the 61 trials (6923
women) that reported one or more outcomes in this
review; for details, see Table Sb. Eleven trials had no

Hypertension. 2022;79:614-628. DOI: 10.1161/HYPERTENSIONAHA.121.18415
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Table 1. Baseline Characteristics of Participants and Interventions (N [%] or median [IQR] Unless Otherwise

Specified)

Baseline characteristics

N trials (%)

Overall (N=61*)

Antihypertensive
vs placebo/ no
therapy (N=29)*

Antihypertensive
vs other antihyper-
tensive (N=31)

Differential BP
control (N=3)

Hypertension. 2022;79:614-628. DOI

Studies
N trial arms
Two 53 (86.9%) 27 (93.1%) 23 (74.2%) 3 (100%)
Three* 8 (13.1%) 2 (6.9%)" 8 (25.8%) 0
In a developed country 41 (67.2%) 22 (75.9%) 18 (58.1%) 2 (66.7%)
Publication year
<2000 45 (73.8%) 23 (79.3%) 23 (74.2%) 0
>2000 16 (26.2%) 6 (20.7%) 8 (25.8%) 3 (100%)
Publication typet
Full publication 58 (95.1%) 28 (96.6%) 29 (96.8%) 3 (100%)
Includes unpublished data 13 (21.3%) 10 (34.5%) 4 (12.9%) 0
Abstract only 3 (4.9%) 1 (8.4%) 2 (3.2%) 0
Prospectively registered 7 (11.5%) 5 (17.2%) 1 (3.2%) 1 (83.3%)
Not reported 54 (88.5%) 24 (82.8%) 30 (96.8%) 2 (66.7%)
Funding sourcet
Industry 14 (28.0%) 9 (31.0%) 5 (16.1%) 0
Noncommercial 10 (16.4%) 5 (17.2%) 4 (12.9%) 2 (66.7%)
Not reported 37 (60.7%) 15 (51.7%) 22 (71.0%) 1 (33.3%)
Risk of bias (overall)
High# 2 (8.4%) 2 (6.9%) 1 (3.4%) 0
Low 9 (15.3%) 6 (20.7%) 0 3 (100%)
Unclear 48 (81.4%) 21 (72.4%) 28 (96.6%) 0
Participants (N women) (N=6923) (N=3333) (N=2749) (N=1239)
N participants 100 (36-132) 114 (55-162) 60 (32-112) 132 (126-560)
Gestational age
First trimester 2 (3.3%) 1 (3.4%) 2 (6.5%) 0
Second trimester 6 (9.8%) 4 (13.8%) 2 (6.5%) 0
Second or third trimester 24 (39.3%) 11 (37.9%) 12 (38.7%) 2 (66.7%)
Third trimester 24 (39.3%) 9 (31.0%) 14 (45.2%) 1 (33.3%)
Not stated 5 (8.2%) 4 (13.8%) 1 (3.2%) 0
HDP type
Chronic 11 (18.0%) 6 (20.7%) 6 (19.4%) 0
Gestational 14 (23.0%) 7 (24.1%) 8 (25.8%) 0
Preeclampsia 7 (11.5%) 6 (20.7%) 1 (8.2%) 0
Gestational or preeclampsia 4 (6.6%) 2 (6.9%) 2 (6.5%) 0
Mixed§ 5 (8.2%) 0 2 (6.5%) 3 (100.0%)
Not specified 20 (32.8%) 8 (27.6%) 12 (38.7%) 0
Exclusions
Diabetes 20 (32.8%) 9 (31.0%) 9 (29.0%) 3(100%)
Renal or renal tract disease 17 (27.9%) 5 (17.2%) 10 (32.3%) 3(100%)
Prior antihypertensive treatment 14 (22.9%) 7 (24.1%) 8 (25.8%) 3(100%)
Fetal malformations 10 (16.4%) 4 (13.8%) 4 (12.9%) 3(100%)
Cardiac 9 (14.8%) 5 (17.2%) 4 (12.9%) 3(100%)
FGR/abnormal BPP/oligo 6 (9.8%) 3 (10.3%) 3 (9.7%) 3(100%)
Autoimmune disease 5 (8.2%) 3 (10.3%) 2 (6.5%) 3(100%)
(Continued)
:10.1161/HYPERTENSIONAHA.121.18415 March 2022
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Table 1. Continued

N trials (%)
Antihypertensive Antihypertensive
vs placebo/ no vs other antihyper- | Differential BP
Baseline characteristics Overall (N=61*) therapy (N=29)* tensive (N=31) control (N=3)
Other medication 4 (6.6%) 3 (10.3%) 1 (3.2%) 3(100%)
Anticipated birth within 1 wk 4 (6.6%) 2 (6.9%) 0 2 (66.7%)
Alcohol/drug use 2 (8.3%) 2 (6.9%) 0 (0.0%) 3(100%)
Hepatic 2 (3.3%) 1 (3.4%) 1 (3.2%) 3(100%)
Fetal death 1 (1.6%) 0 1 (3.2%) 3(100%)
Treatment arms
Antihypertensive therapy arms (N=61) (N=29) (N=31) (N=3)
BP treatment threshold
From 135/85 mmHg 3 (4.9%) 2 (6.9%) 1 (3.2%) el
From 140/90 mmHg 42 (68.9%) 22 (75.9%) 18 (58.1%) Ll
From 150/90 mmHg 1 (1.6%) 0 (0.0%) 1 (3.2%) |
From 150/95 mmHg 7 (11.5%) 2 (6.9%) 5 (16.1%) el
From 140/100 mmHg 1 (1.6%) 0 1 (3.2%) .l
From 150/100 mmHg 1 (1.6%) 0 1 (3.2%) el
Dependent on GA 1 (1.6%) 1 (3.4%) (0] Ll
Not reported 5 (8.2%) 2 (6.9%) 4 (12.9%) el
BP target
Normal BP 27 (44.3%) 15 (51.7%) 10 (32.3%) el
Nonsevere hypertension 3 (4.9%) 0 2 (6.5%) Ll
Not specified 31 (50.8%) 14 (48.3%) 19 (61.3%) el
Placebo/no therapy arms (N=29) (N=3)
W] BP treatment threshold (for additional antihypertensive therapy)
% Any hypertension 2 (6.9%) Ll
g_ From nonsevere hypertension (high 3 (10.3%) Al
% range)
g From severe hypertension 9 (31.0%) Al
= Not specified 15 (51.7%) .|
g Antihypertensive agents usedf| (N=94 drugs) (N=31 drugs) (N=65 drugs) (N=4 drugs)
-§- Methyldopa 28 5 23 2 (both arms)
c
;;; B-blocker# 21 5 16 (o]
2 Labetalol 13 7 8 0
g_ ccB* 14 5 9 0
9 Multi-drug 10 5 3 2
§ Othertt 9 4 6 0
S Placebo/no therapy arm
i Placebo 14 (48.3%) NA NA
N No therapy 15 (51.7%) NA NA
R
N

BP indicates blood pressure; BPP, biophysical profile; CCB, calcium channel blocker; FGR, fetal growth restriction; GA, gestational age; HDP,
hypertensive disorder of pregnancy; IQR, interquartile range; and NA, not applicable.

“Two of the 8 three-arm trials included a placebo/no therapy arm, so they are counted in both antihypertensive vs placebo/no therapy and
antihypertensive vs antihypertensive columns.

tNot mutually exclusive.

$Trials were considered to be at high risk of bias if the risk of bias was high for either random sequence allocation or allocation concealment.

§Insufficient information was provided to distinguish between chronic hypertension and gestational hypertension or preeclampsia.

|| The 3 trials of differential BP control treated from a BP >140/90 mmHg, and randomized women either to a diastolic BP target of 100 mmHg
(less tight control) or 86 mmHg (tight control; N=2 trials),?® or a diastolic BP of <130/80 mmHg vs 130-139/80-89 mmHg (N=1 trial).%®

{IThose listed for antihypertensive vs antihypertensive trials reflect treatment in each arm of the trials, including trials with 3 arms. As such, the
total N adds to more than the number of trials.

#{3-blockers were atenolol (N=6), mepindolol (N=2), metoprolol (N=3), propranolol (N=1), oxprenolol (N=2), pindolol (N=6), acebutolol (N=1).

**Calcium channel blockers were verapamil (N=1), nicardipine (N=1), nifedipine (N=9), nimodipine (N=1), amlodipine (N=1), and isradipine (N=1).

ttOther antihypertensives were hydralazine (N=2), glyceryl dinitrate (N=1), furosemide (N=1), a-blockers (N=2), sildenafil (N=1), and ket~
anserin (N=1).
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clinical outcomes, did not contribute to any analyses, and
are not discussed further,22323539425890-92.9495

Most trials had 2 treatment arms, were from devel-
oped countries, and were published before 2000, except
for differential BP control trials that were all published
thereafter. Most trials were detailed in full reports, but
few were prospectively registered and most did not
report their funding source. For the vast majority of trials,
risk of bias was unclear; the 3 differential BP control tri-
als were at low risk.

Participants numbered a median of 100, with anti-
hypertensive versus antihypertensive trials at just under
half that size. Most women were recruited in the sec-
ond and particularly third trimesters, based most often
on BP level, without specifying hypertensive disorder
type. Exclusions were most commonly maternal, related
to diabetes, renal disease, or prior antihypertensive treat-
ment, whether the comparator was placebo/no therapy
or another antihypertensive.

In the antihypertensive arms of trials (vs either pla-
cebo/no therapy or another antihypertensive), most
trials initiated antihypertensives at a BP >140/90
mm Hg. While just under half of trials set a normal BP
target (<140/90 mmHg), half did not specify their
BP goal. In placebo/no therapy arms, additional anti-
hypertensive was often initiated when near-severe or
severe hypertension developed, but most often (in half
of trials), the criteria for additional antihypertensive
were not stated. Most commonly, the antihyperten-
sive studied was methyldopa (particularly in com-
parisons with another antihypertensive), followed by
beta-blockers, and then calcium channel blockers and
labetalol, and multi-drug therapy or other (ie, silde-
nafil, ketanserin, or glyceryl dinitrate). In placebo/no
therapy trials, placebo and no therapy as comparators
were equally common.

Antihypertensive versus placebo/no therapy and anti-
hypertensive versus antihypertensive trials were similar.
Trials of differential BP control were published later, at
low risk of bias, and specified participants’ pregnancy
hypertension type.

Network Characteristics

For the most commonly used antihypertensives and
each main outcome, the number of trials in each analysis
varied from 16 to 34 (median 25), with 2818 to 4840
participants (median 3758). Trials had 2 treatment arms,
except 3 trials that each had 3 arms. There were 15
pairwise comparisons possible for each outcome, with
12 to 15 direct pairwise comparisons possible, except
for fetal/neonatal death for which only 9 were possible.
Each outcome occurred in <20% of pregnancies, partic-
ularly for fetal/neonatal death (3.09%). Most studies had
at least one event in each trial arm, with the exception of
fetal/neonatal death, for which 14/23 trials lacked an

Hypertension. 2022;79:614-628. DOI: 10.1161/HYPERTENSIONAHA.121.18415
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event in one arm and 7/23 trials reported no event in any
arm (for details of network characteristics, see Table S6).

For all outcomes, most information was from compari-
sons of placebo/no therapy with either labetalol (N=7
trials, 4448 women), methyldopa (N=5 trials, 2981
women), calcium channel blockers (N=b trials, 42692
women), and beta-blockers (N=5 trials, 1342 women;
Figure S2). Trials of methyldopa versus beta-blockers
also contributed, particularly for the outcomes of severe
hypertension and proteinuria. Trials with multi-drug arms
in the network were only connected to the placebo/no
therapy node. Networks were generally more sparsely
populated with data for perinatal than maternal out-
comes. Funnel plots showed no clear evidence of publi-
cation bias for any main outcomes (Figure S3).

Table 2 presents the results of the meta-analysis
and NMA for the most commonly used antihypertensive
medications and the 6 main outcomes. Meta-analysis
revealed no evidence of substantial between-trial het-
erogeneity, based on P<40% for most pairwise compari-
sons. In the NMA, there were few comparisons for which
significant inconsistency was evident between direct and
indirect evidence, and only for the outcome of severe
hypertension; the magnitude of effect (rather than its
direction) differed for each of methyldopa and calcium
channel blockers versus placebo/no therapy. While the
directions of effect for calcium channel blockers versus
methyldopa were not consistent, the 95% Cls were wide,
and there was no overall effect. There were too few tri-
als within each relevant comparison to enable examina-
tion of moderation by trial-level covariates, as planned (ie,
N=b antihypertensive versus placebo/no therapy trials
for each of methyldopa and calcium channel blockers,
and N=b calcium channel blocker versus methyldopa tri-
als). The overall network results were consistent with the
meta-analysis, but with narrower Cls.

The Figure 1 league table panels A and B show that
for the mother, compared with placebo/no therapy, all of
the most commonly used antihypertensives decreased
the incidence of severe hypertension; effect estimates
(shown along the bottom row) ranged from a 68% reduc-
tion in odds with multi-drug therapy (OR, 0.32 [95%
Cl, 0.12-0.80]) and 67% reduction with labetalol (OR,
0.33 [95% CI, 0.20-0.52]) on the left, to a 37% reduc-
tion with calcium channel blockers (OR, 0.63 [95% ClI,
0.39-0.93]) on the right (Figure 1A). Compared with pla-
cebo/no therapy (shown in the fourth row), labetalol also
decreased the incidence of proteinuria (OR, 0.73 [95%
Cl, 0.63-0.98]; Figure 1B); no significant effect was
seen for other antihypertensives, but the point estimates
were <1.0 for beta-blockers and multi-drug therapy, and
>1.0 for methyldopa and calcium channel blockers. Also,
labetalol decreased the incidence of severe hypertension
compared with methyldopa (OR, 0.61 [95% CI ,0.27—
0.95]), and proteinuria compared with either methyldopa
(OR, 0.66 [95% CI, 0.44-0.99]) or calcium channel
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Table 2. Antihypertensive Drug-vs-Drug Direct and Indirect Evidence, and Inconsistency Indices for the Main Outcomes*

= Antihypertensive drug-vs-drug
.% comparisons Meta-analysis Network meta-analysis
n<: Direct evidence OR | Indirect evidence P value Overall OR
— Treatment Comparator OR P (95%Cl) OR (95%Cl) inconsistency* | (95% CI)
E Severe hypertension
E Labetalol Placebo/none 0.27 (0.14-0.51) 0.24 0.31 (0.16-0.57) 0.29 (0.03-1.82) 0.955 0.31 (0.18-0.51)
Methyldopa Placebo/none 0.32 (0.14-0.71) 0.34 0.38 (0.19-0.70) 0.94 (0.50-1.84) 0.044t 0.60 (0.39-0.91)
CCBs Placebo/none 0.71 (0.41-1.19) 0.23 0.77 (0.49-1.19) 0.15 (0.05-0.43) 0.005t 0.59 (0.37-0.89)
B-blockers Placebo/none 0.37 (0.18-0.74) 0.24 0.47 (0.24-0.89) 0.56 (0.28-1.10) 0.722 0.52 (0.33-0.79)
Multi-drug Placebo/none 0.38 (0.13-1.10) 0.30 0.32 (0.11-0.81) NA#$ NA% 0.32 (0.11-0.81)
B-blockers CCBs 0.39 (0.07-1.57) 0.33 0.45 (0.13-1.14) 0.66 (0.36-1.25) 0.066 0.89 (0.52-1.57)
B-blockers Labetalol 1.00 (0.10-11.0) 0.33 1.09 (0.10-11.0) 1.79 (0.89-3.78) 0.689 1.70 (0.89-3.26)
Labetalol Methyldopa 0.38 (0.10-1.49) 0.34 0.32 (0.08-1.12) 0.59 (0.23-1.35) 0.433 0.51 (0.27-0.95)
B-blockers Methyldopa 0.65 (0.32-1.25) 0.42 0.76 (0.44-1.26) 1.10 (0.46-2.42) 0.439 0.87 (0.58-1.27)
CCBs Methyldopa 0.19 (0.02-1.67) 0.32 0.11 (0.01-0.99) 1.12 (0.60-2.11) 0.042t 0.97 (0.54-1.69)
Proteinuria
Labetalol Placebo/none 0.68 (0.39-1.18) 0.38 0.77 (0.49-1.14) 0.78 (0.36-1.60) 0.971 0.73 (0.54-0.99)
Methyldopa Placebo/none 1.00 (0.52-1.91) 0.25 1.00 (0.57-1.71) 1.31 (0.75-2.35) 0.501 1.12 (0.77-1.61)
CCBs Placebo/none 1.48 (0.91-2.42) 0.24 1.38 (0.93-2.06) 0.72 (0.37-1.47) 0.113 1.17 (0.82-1.64)
B-blockers Placebo/none 0.53 (0.19-1.41) 0.34 0.58 (0.25-1.22) 1.24 (0.62-2.44) 0.140 0.89 (0.55-1.45)
Multi-drug Placebo/none 0.81 (0.40-1.59) 0.29 0.83 (0.48-1.45) NA% NA#$ 0.83 (0.48-1.45)
B-blockers CCBs 2.90 (0.4-15.20) 0.33 2.96 (0.67-15.67) 0.59 (0.32-1.08) 0.053 0.76 (0.44-1.31)
B-blockers Labetalol 0.72 (0.11-4.60) 0.33 0.69 (0.13-3.78) 1.25 (0.68-2.26) 0.53 1.21 (0.71-2.04)
Labetalol Methyldopa 0.66 (0.32-1.29) 0.28 0.66 (0.36-1.15) 0.61 (0.29-1.26) 0.85 0.66 (0.44-0.99)
B-blockers Methyldopa 0.86 (0.43-1.73) 0.23 0.82 (0.44-1.61) 0.72 (0.3-1.61) 0.79 0.79 (0.49-1.26)
g CCBs Methyldopa 0.56 (0.15-2.14) 0.33 0.64 (0.24-1.68) 1.17 (0.67-1.98) 0.29 1.05 (0.67-1.65)
% CCBs Labetalol 2.10 (0.40-8.00) 0.33 1.79 (0.68-5.41) 1.48 (0.89-2.45) 0.74 1.60 (1.04-2.42)
% Perinatal death
§ Labetalol Placebo/none 0.75 (0.25-2.31) 0.29 0.68 (0.18-2.3) 0.47 (0.16-1.31) 0.662 0.54 (0.30-0.98)
= Methyldopa Placebo/none 0.50 (0.19-1.32) 0.27 0.44 (0.18-1.15) 1.06 (0.35-3.26) 0.250 0.65 (0.37-1.17)
g CCBs Placebo/none 0.88 (0.28-2.69) 0.29 0.82 (0.21-2.93) 0.71 (0.28-1.77) 0.897 0.74 (0.37-1.37)
.§-. [-blockers Placebo/none 1.18 (0.32-4.39) 0.30 1.29 (0.30-6.09) 0.60 (0.21-1.66) 0.403 0.74 (0.34-1.68)
5 Multi-drug Placebo/none 1.01 (0.41-2.51) 0.79 1.05 (0.44-2.49) NA+ NA* 1.05 (0.44-2.49)
§ B-blockers CCBs 1.00 (0.10-15.9) 0.33 0.87(0.03-31.11) | 1.04 (0.40-2.85) 0.920 1.02 (0.44-2.51)
“g_ Labetalol B-blockers 0.38 (0.02-9.54) 0.34 NA% NA+ NA$ 0.72 (0.32-1.64)
§ Labetalol Methyldopa 0.84 (0.37-1.89) 0.27 0.80 (0.31-1.78) 0.57 (0.11-2.61) 0.713 0.83 (0.49-1.37)
g B-blockers Methyldopa 0.92 (0.38-2.23) 0.27 0.88 (0.37-2.15) 1.88 (0.43-8.82) 0.396 1.14 (0.57-2.34)
§ CCBs Methyldopa 1.04 0.39-2.65) 0.30 1.06 (0.39-2.79) 1.01 (0.33-2.92) 0.917 1.12 (0.61-1.98)
5 CCBs Labetalol 1.54 (0.45-5.17) 0.27 1.38 (0.65-2.81) 1.35 (0.31-5.76) 0.99 1.35 (0.79-2.24)
§ SGA infants
N Labetalol Placebo/none 1.12 (0.65-1.93) 0.42 1.13 (0.65-1.92) 0.88 (0.30-2.86) 0.68 1.00 (0.70-1.43)
Methyldopa Placebo/none 0.73 (0.32-1.70) 0.29 0.81 (0.40-1.77) 1.59 (0.65-4.08) 0.25 1.00 (0.66-1.54)
CCBs Placebo/none 0.81 (0.47-1.42) 0.22 0.85 (0.46-1.56) 0.93 (0.30-2.66) 0.87 0.85 (0.55-1.29)
B-blockers Placebo/none 1.10 (0.37-3.66) 0.47 1.30 (0.57-3.17) 1.41 (0.26-7.80) 0.94 1.26 (0.64-2.54)
Multi-drug Placebo/none 0.92 (0.38-2.25) 0.28 0.93 (0.43-2.00) NA% NA% 0.93 (0.43-2.00)
CCBs B-blockers NAS NA§ NA§ NA§ NAS 0.68 (0.29-1.46)
Labetalol B-blockers NAS NA§ NA§ NA§ NAS 0.80 (0.37-1.67)
Labetalol Methyldopa 0.74 (0.36-1.53) 0.24 0.77 (0.38-1.57) 0.97 (0.29-3.04) 0.75 1.00 (0.64-1.56)
B-blockers Methyldopa 1.23 (0.28-5.15) 0.32 1.16 (0.24-6.30) 1.16 (0.4-3.41) 1.00 1.26 (0.60-2.70)

(Continued)
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Table 2. Continued
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Antihypertensive drug-vs-drug
comparisons Meta-analysis Network meta-analysis
Direct evidence OR | Indirect evidence P value Overall OR

Treatment Comparator OR P (95%Cl) OR (95%Cl) inconsistency* | (95% CI)
CCBs Methyldopa 0.28 (0.03-2.9) 0.34 0.36 (0.03-2.85) 0.82 (0.38-1.78) 0.47 0.86 (0.48-1.47)
CCBs Labetalol 1.06 (0.20-5.63) 0.33 1.06 (0.34-3.19) 0.72 (0.34-1.50) 0.54 0.85 (0.51-1.38)

Preterm birth
Labetalol Placebo/none 0.80 (0.44-1.40) 0.37 0.84 (0.56-1.24) 0.99 (0.48-2.02) 0.68 0.86 (0.63-1.16)
Methyldopa Placebo/none 1.04 (0.51-2.20) 0.38 1.04 (0.61-1.83) 1.19 (0.67-2.16) 0.75 1.00 (0.71-1.41)
CCBs Placebo/none 1.08 (0.71-1.67) 0.20 1.06 (0.76-1.50) 1.04 (0.47-2.21) 0.96 1.04 (0.78-1.37)
B-blockers Placebo/none 0.99 (0.37-2.59) 0.28 0.98 (0.45-2.20) 0.92 (0.37-2.18) 0.88 0.91 (0.51-1.55)
Multi-drug Placebo/none 0.94 (0.41-2.11) 0.28 0.96 (0.54-1.68) NA#$ NA$ 0.96 (0.54-1.68)
CCBs B-blockers NA§ NA§ NA§ NA§ NA§ 1.15 (0.63-2.18)
Labetalol B-blockers NAS NA§ NA§ NA§ NA§ 0.95 (0.563-1.72)
Labetalol Methyldopa 0.84 (0.44-1.58) 0.23 0.88 (0.52-1.46) 0.54 (0.26-1.16) 0.31 0.86 (0.59-1.22)
fB-blockers Methyldopa 0.98 (0.37-2.66) 0.34 0.83 (0.37-1.80) 0.90 (0.36-2.22) 0.89 0.90 (0.52-1.55)
CCBs Methyldopa 0.37 (0.09-1.55) 0.31 0.51 (0.15-1.82) 1.08 (0.61-1.73) 0.31 1.04 (0.67-1.58)
CCBs Labetalol 1.91 (0.53-6.91) 0.33 1.64 (0.69-4.01) 1.10 (0.7-1.73) 0.43 1.22 (0.83-1.80)

Neonatal care unit admission
Labetalol Placebo/none 0.89 (0.44-1.69) 0.39 0.90 (0.53-1.45) 1.23 (0.53-2.85) 0.49 0.96 (0.63-1.43)
Methyldopa Placebo/none 1.22 (0.58-2.60) 0.31 0.97 (0.50-1.86) 1.13 (0.56-2.41) 0.74 1.24 (0.81-1.94)
CCBs Placebo/none 1.30 (0.63-2.74) 0.27 1.21 (0.66-2.27) 1.14 (0.50-2.49) 0.90 1.05 (0.63-1.64)
B-blockers Placebo/none NA§ NA§ NA§ NA§ NA§ 1.04 (0.45-2.50)
Multi-drug Placebo/none 0.57 (0.17-1.98) 0.33 0.65 (0.26-1.61) NA% NA% 0.65 (0.26-1.61)
B-blockers CCBs 1.50 (0.30-7.60) 0.33 1.48 (0.32-7.59) 0.60 (0.2-1.87) 0.34 1.00 (0.43-2.49)
Labetalol B-blockers NA§ NAS NAS NAS NAS 0.92 (0.37-2.16)
Labetalol Methyldopa 0.78 (0.34-1.68) 0.34 1.00 (0.52-1.90) 0.74 (0.37-1.51) 0.53 0.77 (0.47-1.19)
B-blockers Methyldopa 0.68 (0.20-2.35) 0.33 0.72 (0.27-1.81) 1.68 (0.37-8.95) 0.34 0.84 (0.38-1.85)
CCBs Methyldopa 0.50 (0.09-2.69) 0.37 1.19 (0.43-3.52)) 1.07 (0.54-2.08) 0.84 0.84 (0.46-1.45)
CCBs Labetalol 1.46 (0.39-4.47) 0.33 1.36 (0.45-4.27) 1.17 (0.60-2.34) 0.81 1.09 (0.63-1.85)

CCBs indicates calcium channel blockers; Cl, credible interval; P, inconsistency index; NA, not applicable; and OR, odds ratio.
*This evaluates consistency between direct and indirect evidence.
#Can only be estimated when there is at least one direct comparison and one indirect path.

§Network could not be split into direct and indirect pathways due to a lack of direct evidence, and indirect path lengths >2 that do did not allow for stable

network splitting.

blockers (OR, 0.66 [95% ClI, 0.41-0.96]). Otherwise, one
antihypertensive drug was similar to another for mothers,
but Cls were wide and consistent with up to a b-fold dif-
ference in the odds of severe hypertension or a 2-fold
difference in proteinuria.

The Figure 1 league table Panels C to F show that
for the baby, labetalol decreased the incidence of peri-
natal death (OR, 0.54 [95% CI, 0.30-0.98]), with no
other significant impact of antihypertensive therapy on
outcomes, but Cls were wide, particularly for perina-
tal death (Figure 1C) and SGA infants (Figure 1D). Of
note, the league table for SGA infants has labetalol
and beta-blockers on the right, suggesting increased
risk (with calcium channel blockers on the left), but for
preterm birth, labetalol, and beta-blockers are on the
left, suggesting decreased risk (with calcium channel
blockers on the right; Figure 1E). There was no impact

Hypertension. 2022;79:614-628. DOI: 10.1161/HYPERTENSIONAHA.121.18415

of any antihypertensive on neonatal care unit admis-
sion (Figure 1F).

Secondary Outcomes

Many antihypertensives (vs placebo/no  therapy)
decreased the need for additional antihypertensive ther-
apy (Ieague table, Figure S4A; 23 trials, 2927 women):
multi-drug therapy (OR, 0.29 [95% ClI, 0.11-0.66]),
labetalol (OR, 0.38 [95% CI, 0.21-0.66]), and calcium
channel blockers (OR, 0.44 [95% CI, 0.22-0.88]); no
significant effect was seen for methyldopa (OR, 0.66
[95% CI, 0.34-1.21]) or beta-blockers (0.65 [95% ClI,
0.32-1.25]). Women were no more likely to change/
stop drugs due to maternal side effects, but the 95% Cls
were very wide (league table, Figure S4B; 20 trials, 1880
women). Antihypertensives (vs placebo/no therapy) had
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Figure 1. League table comparing primary drugs of interest with placebo/no therapy and with each other.

All estimates are odds ratios (OR) and 95% credible intervals. Outcomes are (from top left to bottom right): severe hypertension (A),
proteinuria (B), perinatal death (C), small-for-gestational age infants (D), preterm birth (E), and neonatal care unit admission (F). Blue represents
an OR>1.0 and orange an OR <1.0, stronger effects are illustrated by darker colors, drugs with more favourable effects are located in
columns to the left, and statistically significant results (at £<0.05) are marked by double asterisks.

no impact on placental abruption (league table, Figure
S4C; b trials, 1573 women) or Caesarean birth (league
table, Figure S4D; 34 trials, 5877 women), or neonatal
respiratory distress syndrome (Figure S4E; 7 trials, 1159
women), but there were extremely wide ranges of uncer-
tainty for all but Caesarean. There were no significant
differences between one antihypertensive and another
for any of the secondary outcomes examined. Fetal or
neonatal death (including miscarriage) and neonatal sei-
zures could not be examined as outcomes as not enough
studies reported them across the network (ie, N=7 and
3, respectively).

Sensitivity Analyses

Results were not meaningfully altered following: (1)
inclusion of the 3 trials of differential BP control®6288;
(2) inclusion of trials evaluating antihypertensives less-
commonly prescribed (eg, ketanserin); or (3) exclusion of
the 2 trials at high risk of bias**44 (Table S7).

Trial Sequential Analysis

Figure 2 shows TSA drug versus drug analyses for severe
hypertension (median event rate of 13%, Table S3), of
methyldopa versus labetalol (N=4, PURPLE), methyldopa

622  March 2022

versus calcium channel blockers (N=2, BLUE), meth-
yldopa versus beta-blockers (N=5, GREEN), and (-
blockers versus calcium channel blockers (N=1, RED).
For superiority, the required sample size would be 2500
to 10000/arm for a 20% RRR, varying from 12500 to
45000 for a 10% RRR to 400 to 1300/arm to 12560
to 45600/arm for a 30% RRR. Sample sizes were high-
est for methyldopa versus labetalol, and the lowest for
B-blockers (not including labetalol) versus calcium chan-
nel blockers or methyldopa versus [3-blockers. Data were
not available for calculations for labetalol versus other
B-blockers or calcium channel blockers (for which there
is one ongoing trial of 1150 participants/arm).'® For the
other main outcomes, sample sizes were similarly large
for a 20% RRR, with particularly large samples required
for perinatal death (ie, >15000/arm; Table S8).

DISCUSSION

Summary of Findings

By NMA of published RCTs of antihypertensive therapy
for nonsevere hypertension in pregnancy, we have shown
that compared with placebo/no therapy, antihyperten-
sives used commonly, alone or in combination, reduce

Hypertension. 2022;79:614-628. DOI: 10.1161/HYPERTENSIONAHA.121.18415
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Figure 2. Estimated sample size per arm from trial sequential analysis, for future drug-vs-drug to reach 5% statistical
significance with 90% power for various risk reductions in severe hypertension.

The comparisons are (3-blocker vs calcium channel blocker (red), methyldopa vs B-blocker (green), methyldopa vs calcium channel blocker
(blue) and methyldopa vs labetalol (purple). The vertical dotted line represents a median severe hypertension rate of 13%.

the odds of severe hypertension, by one- to two-thirds;
similar reductions are seen for additional antihyperten-
sive therapy. Labetalol is the only antihypertensive agent
to decrease proteinuria and perinatal death, although
95% ClI just exclude unity. There is no evidence of an
impact of antihypertensives (vs placebo/no therapy) on
other maternal outcomes (including Caesarean and pla-
cental abruption) or perinatal outcomes (including SGA,
preterm birth, neonatal unit admission, and neonatal
respiratory distress syndrome), although effect estimates
were imprecise, particularly for less common outcomes,
like fetal/newborn death.

Also, by NMA, there is no evidence that one anti-
hypertensive is different from another with regards to
reduction of severe hypertension risk, although labetalol
decreases proteinuria compared with methyldopa or cal-
cium channel blockers. The only evidence of differential
impact of one drug versus another on perinatal outcomes
is the reduction in perinatal mortality with labetalol.

While the 95% CI around estimates of antihyperten-
sive drug versus drug effects are wide and consistent

Hypertension. 2022;79:614-628. DOI: 10.1161/HYPERTENSIONAHA.121.18415

with important benefits or harms, our TSA showed that
high future sample sizes would be needed to settle drug
versus drug questions, even for the common outcome
of severe hypertension. Most sample sizes for a realis-
tic 20% reduction (for benefits) or increase (for harms)
from median event rates observed, were often much
higher than data either collected to date or anticipated
from ongoing trials. No trial could be feasibly powered to
examine fetal/newborn mortality.

Interpretation

It is unsurprising that antihypertensive therapy outper-
forms, by a large margin, placebo/no therapy in lowering
BP. Many national and international guidelines now rec-
ommend that practitioners offer antihypertensive therapy
to women to normalize BP in pregnancy.®” Notwithstand-
ing neonatal concerns, it may be reasonable to recom-
mend first-line therapy with labetalol, given the additional
potential benefits of reduced proteinuria/preeclampsia
and perinatal death.* Other reasonable antihypertensive
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choices include [(-blockers, calcium channel blockers,
labetalol, methyldopa, or multi-drug therapy, choices that
make more likely that a hypertensive pregnant woman,
regardless of the care setting, would have access to an
antihypertensive drug.

Our findings are consistent with traditional meta-anal-
ysis that has refuted an association between B-blockers
and fetal growth restriction.” Notwithstanding, concerns
about atenolol remain; this drug was not analyzed sepa-
rately from B-blockers in this NMA, but was in another
that examined antihypertensives for treatment of chronic
hypertension in pregnancy, showing an association with
SGAS8 There are many other beta-blockers available for
use worldwide. Importantly, the pattern of contrary effects
of antihypertensives on SGA and preterm birth, with no
overall effect on neonatal morbidity (as measured by
neonatal care unit admission), mirrors findings from the
Control of Hypertension in Pregnancy Study trial.®®

While pregnancy outcomes evaluated in RCTs are
important, other considerations include drug availability,
cost, drug dosage, and side effects (maternal and fetal/
newborn). First, local drug availability can be a problem in
any setting; labetalol is not licensed in many South Ameri-
can countries, and production of methyldopa or nifedipine
has stopped in others. Second, while none of the antihy-
pertensives used commonly in pregnancy is costly, the
woman'’s or system’s ability to pay may influence whether
antihypertensive therapy is used at all. Third, when and
how antihypertensives should be used in combination is
not known; practice outside pregnancy suggests that it
is more effective to administer lower doses of 2 or more
drugs that act in different ways, rather than maximizing
the dose of one drug first'® and this approach has also
been used to optimize maternal hemodynamics in hyper-
tensive pregnancy.'®' Finally, potential side effects should
influence drug choice. Although few women changed
drugs (or withdrew) due to maternal side effects, the
power to detect any between-group difference would be
low, even in large RCTs. Many contraindications to anti-
hypertensives are reasonably common, such as poorly
controlled asthma (for which labetalol or $-blockers may
exacerbate bronchospasm'?), and depression (in which
methyldopa is considered to increase the risk of postpar-
tum depression®). Also, various pediatric societies rec-
ommend newborn monitoring for hypoglycemia following
labetalol exposure, based on risks observed in observa-
tional studies.03104

Given our findings and the prohibitively large sam-
ple sizes estimated by the TSA, even for the common
outcome of severe hypertension, it is likely that we will
continue to lack sufficient trial evidence to fully inform
clinical care from maternal and fetal/newborn perspec-
tives. However, real-world observational data (such as
those from electronic health records) may provide the
evidence necessary for individualized antihypertensive
treatment that considers maternal phenotype (such as
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ethnicity and co-morbidity) and physiology (such cardiac
output or heart rate). Advantages of using real-world data
would include: evaluation of the impact of therapies on
groups of women who are likely ineligible for trials (eg,
hypertensive women with fetal growth restriction) or less
likely to enrol in them (eg, ethnic minorities); assessment
of antihypertensive impact on key but unusual outcomes,
including some core outcomes in hypertensive preg-
nancy for mothers (eg, stroke) and babies (eg, seizures);
and examination of long-term outcomes, for mothers (eg,
cardiac remodeling and cardiovascular risk) and children
(eg, neurodevelopment and metabolic outcomes related
to developmental programming). Disadvantages include
the greater potential for bias in real-world than RCT data.
However, approaches have been developed to draw
causal inference from routinely collected data, such as
propensity scores and g-methods.'® These approaches
are evolving,'*® but have already led to important insights,
such as the association between 3-blockers and hypo-
glycemia, long-suspected but unproven in RCTs.'"

Strengths and Weaknesses

Strengths of our analysis include a comprehensive lit-
erature search to identify all relevant RCTs, including
those of differential BP control not traditionally included.
We considered labetalol (an a- and B-blocker) sepa-
rately from B-blockers and the impact of trial quality on
outcomes. We reported on a broad range of outcomes
and considered the core outcomes for hypertensive
pregnancy.’® Importantly, we used a Bayesian analytic
approach that allows trials with zero events to inform the
uncertainty around estimates. Finally, we used NMA, so
our results are informed by both direct comparisons of
interventions of interest and indirect evidence through
drugs less-commonly used, thereby yielding indirect evi-
dence for comparisons of interest for which there are
few or no direct comparisons for all outcomes of interest
(eg, labetalol versus nifedipine for severe hypertension).

Limitations include meta-analysis as a retrospective
methodology constrained by the primary literature on
which it is based. Many trials were >20 years old, so co-
interventions (like hospitalization) may have been used
differently, some details were missing (eg, trial registra-
tion), and it was unfeasible to obtain individual partici-
pant data that could inform treatment effects by baseline
characteristics. There were too few trials in relevant com-
parisons to allow for a moderation analysis for trial-level
covariates. We made many comparisons that risked find-
ing significant results by chance, such as reductions in
proteinuria and perinatal death with labetalol. There were
core outcomes for hypertensive pregnancy for which
too few trials reported the event (eg, neonatal seizures),
or the trial event rates were too low for the network to
be useful (eg, stroke); none of our main outcomes was
reported by at least half of trials of which fewer reported
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perinatal outcomes. While we used up-to-date tech-
niques for estimating heterogeneity in NMA, our models
appeared to underestimate inconsistency between direct
and indirect evidence; improved methods are required.
In using a Bayesian approach for our meta-analysis and
NMA and, therefore, the OR as our summary statistic,
we were unable to compare our results directly with RRs
from prior reviews'; however, OR may be better than RR
when heterogeneity exists.'® Nevertheless, our Cls are
slightly narrower than the Cochrane subgroup analyses,
and estimates are more-or-less overlapping throughout.
Finally, TSA could be undertaken only for some drug ver-
sus drug comparisons, given the need to have at least
one direct comparison.

Perspectives

The most commonly used antihypertensive agents in
pregnancy all decrease the incidence of severe hyper-
tension compared with placebo/no therapy, and labet-
alol also decreases proteinuria/preeclampsia, compared
with placebo/no therapy, methyldopa, or calcium channel
blockers. No other differences between antihyperten-
sives were apparent, but 95% Cls were wide for impor-
tant safety outcomes. Future trials would have to be
prohibitively large. Taken together, these findings suggest
that clinicians can individualize antihypertensive therapy
in pregnancy by choosing from among those most com-
monly recommended until comprehensive information
can be gathered from real-world care.
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