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Abstract

Purpose—To describe the management of antihypertensive medications in pregnancy by general
practitioners in the United Kingdom (UK) and compare it with current guidelines.

Methods—We used electronic medical records from The Health Improvement Network (THIN)
database from 1996-2010 to identify completed pregnancies. The study cohort included the first
pregnancy identified during the study period in women aged 13-49. Information on both
hypertension diagnoses and prescription of specific antihypertensive medications within the 90
days before the last menstrual period (LMP) and during pregnancy was ascertained from
electronic medical records.

Results—Among 148,544 eligible pregnancies, we identified 1995 (1.3%) during which the
women had pre-existing hypertension diagnosed by the LMP date. Overall, the prevalence of
antihypertensive medications during the first trimester was 1.5%; beta-blockers were the most
commonly prescribed antihypertensive. Among women with pre-existing hypertension, 36% were
prescribed an antihypertensive medication during the 90 days before the LMP. Among those, 9.6
% and 22.2% had discontinued their medication by the first and second trimester, respectively. For
contraindicated drugs such as angiotensin converting enzyme inhibitors (ACEI) and angiotensin 11
receptor blockers (ARBS) the corresponding discontinuation rates were around 25% and 70%.
Women who switched therapy received preferably either methyldopa or an alpha-beta blocker.

Conclusions—In this population of UK pregnant women, prescription patterns of
antihypertensive medications were dominated by recommended treatments, although some
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patients continued on contraindicated drugs throughout pregnancy or switched to preferred agents
in a delayed fashion.
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Introduction

Methods

Antihypertensive drugs are routinely prescribed in pregnancy to reduce the progression to
severe hypertension (systolic blood pressure of > 160 mmHg).! Between 0.6% and 2% of
women have chronic hypertension during pregnancy,2-> an additional 6-7% develop
hypertension during gestation.’” Severe hypertension during pregnancy can lead to
substantial morbidity for the mother and the fetus.® However, there is controversy about the
need for pharmacologic reduction of blood pressure levels at the beginning of pregnancy
given the natural vasodilation that takes place within the first 20 weeks of gestation.
Moreover, it is unclear whether antihypertensives diminish the risk of complications such as
preeclampsia. 910

Guidelines on the management of both chronic and gestational hypertension need to balance
the potential benefits of these drugs during pregnancy for the mother against the potential
harms to the developing fetus. Yet, data are limited on the safety of specific antihypertensive
drugs during pregnancy. 11 Both labetalol and methyldopa are considered safe for use in
pregnant women,2:13 while angiotensin-converting enzyme (ACE) inhibitors and
angiotensin Il receptor blockers (ARB) are contraindicated during all trimesters of
pregnancy based on their potential teratogenic and fetotoxic effects,! though this is
controversial.14

Recommendations by the National Institute for Health and Clinical Excellence (NICE)
guidelines on the management of hypertension and antihypertensive medications? issued in
2010 indicate labetalol as a first choice for hypertension in pregnancy, with methyldopa and
nifedipine as other acceptable alternatives.! In earlier years, methyldopa was used as the
first-line antihypertensive agent. 1® In order to determine the treatment patterns and
management of antihypertensive medications during pregnancy in real clinical practice, we
identified and evaluated a cohort of pregnancies within The Health Improvement Network
(THIN), with special focus on women with pre-existing hypertension.

THIN is an electronic medical records database that comprises computerized information
entered by a group of primary care providers (PCPs) in the UK. Data from more than 4
million patients on demographics, visits to PCPs, diagnoses from specialist referrals and
hospital admissions, results of laboratory tests, and prescriptions written, as well as free-text
information, are recorded systematically and anonymized before being sent to THIN for use
in research projects. Specific diagnoses and procedures (e.g., insertion of devices) are
recorded using the Read classificationl6-17 and prescription of drugs and devices are coded
using a drug dictionary based on data from the Multilex classification
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(www.firstdatabank.co.uk/8/multilex-drug-data- file). Both dictionaries are standard clinical
terminology used in UK primary care. The validity of the database for
pharmacoepidemiological research has been shown.18 Ethics approval was received by the
UK nationally accredited ethics committee, South East Multicentre Research Ethics
Committee (SE-MREC) (SRC 12-013).

In the UK, PCPs are the gatekeepers to health care and centralize the prescription of drugs to
their patients. The maternity care provided by the National Health System (NHS) includes
PCPs, specialists and hospitals. PCPs typically continue the care of their patients during
pregnancy, working together with nurses and midwives at their practices; all of them record
the information in THIN. The first health professional most women see about their
pregnancy care is their PCP (78%) and a high proportion of prenatal visits takes place at the
PCP's practice (45%). 19

Ascertainment of pregnancy cohort

We first identified women of childbearing age (13-49 years) from January 15t 1996 to
December 315t 2010. Women were eligible only after they had been registered with their
PCP for at least one year. Within this source population (N = 1,115,035), we identified
pregnancies during the study period based on Read Codes indicative of i) conception (last
menstrual period (LMP)), ii) end of pregnancy (deliveries, ectopic pregnancies,
miscarriages, induced abortions, stillbirths and fetal deaths) and iii) other codes compatible
with pregnancy (e.g. pregnancy tests, prenatal visit, alpha-fetoprotein tests, obstetric
ultrasounds, amniocenteses, pregnancy complications, threatened abortions, and obstetric
setting care). We then developed an algorithm including three sequential cycles that search
for Read Code groups in hierarchical order to identify the timing of pregnancy.2® We
identified both completed pregnancies (N = 148,544) and pregnancy losses (including
abortions, terminations, fetal death, stillbirth and neonatal death fatal) (N = 42,456).
Completed pregnancies were linked to live-born infants by means of the family
identification number and date of birth (89% successfully linked). Details on cohort
identification have been described previously.2

Ascertainment of hypertension

Among completed pregnancies, we identified women with specific Read Codes suggestive
of hypertension recorded anytime prior to LMP date. Appendix 1S shows the list of Read
Codes.

Baseline characteristics, comorbidities and drug prescriptions

For baseline characteristics, we considered all the information available in the database any

time prior to the LMP date, prioritizing the information closer to LMP. Variables abstracted

included lifestyle factors such as smoking, demographic characteristics such as women's age
and body mass index (calculated from recorded height and weight; weight in kg / (height in

metres?), most prevalent illnesses, prescriptions, and health care utilization indicators.

Pharmacoepidemiol Drug Saf. Author manuscript; available in PMC 2015 October 01.


http://www.firstdatabank.co.uk/8/multilex-drug-data-file

1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Soriano et al. Page 4

Ascertainment of antihypertensive drugs

Antihypertensive drugs are automatically recorded by the PCPs in the electronic medical
records. The following drug classes were evaluated: diuretics, beta-blockers, alpha-beta
blockers, calcium channel blockers, angiotensin-converting enzyme inhibitors (ACEISs),
angiotensin Il receptor blockers (ARBS), central alpha agonists agents, alpha agonist agents.
The pre-pregnancy period was defined as the 90 days before the LMP date; first trimester
was defined as the 90 days after LMP and second trimester as day 91 to day 180 of
pregnancy.

Exposure to antihypertensive medication was defined as the presence of at least one
prescription within each time frame. In a secondary analysis, we defined exposure
considering the days supplied in the prescription and defining a time period as exposed
when the days supply of any prescription covered at least one day of that time period (e.g.
first trimester). Since results were essentially identical, we only present below the former
definition.

Switching patterns in women with pre-existing hypertension

For each class of antihypertensive drugs used during the pre-pregnancy period, we
determined the proportion of women who continued on this specific class of drugs
(continuers), those who switched to a different agent/s (switchers) and those who did not
receive any prescription for any antihypertensive agent (discontinuers) during the first or
second trimester. Continuers were defined as women who received at least one prescription
of the same antihypertensive agent received during the pre-pregnancy period by the end of
first and second trimester, separately. Switchers were defined as women who received one or
more prescriptions of antihypertensives different from the one prescribed in the pre-
pregnancy period by the end of first and second trimester. Discontinuers were defined as
women who did not receive any prescription of antihypertensive medications during the first
or second trimester, respectively. In addition, for women not treated in the pre-pregnancy
period, we identified those who received at least one prescription (initiators) during the first
and second trimester.

We defined the use of antihypertensives as monotherapy based on receiving prescriptions of
only one type of antihypertensive class for each time frame of interest and polytherapy
based on receiving prescriptions for more than one antihypertensive class in each time frame
(i.e., would include both switchers and concomitant therapy).

In a secondary analysis, we evaluated the treatment patterns while restricting the cohort to
women who had an antihypertensive treatment duration of at least one year before LMP
date. Duration of treatment was computed by summing the number of days corresponding to
consecutive prescriptions (allowing for an interval of 60 days or less between the end of one
prescription and the start of the next one).

Analysis

The main characteristics and comorbidities of women with and without a history of
hypertension were evaluated by descriptive analysis and their differences were compared
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using the x2 test. Prescription of specific antihypertensive medications within the pre-
pregnancy period and during pregnancy was estimated for all pregnant women. In addition,
we evaluated the time trends of first trimester use over the study period. For women with
pre-existing hypertension, we also examined the treatment patterns (continuers,
discontinuers and switchers), both overall and by class, during first and second trimester of
pregnancy; as well as use in monotherapy and polytherapy, separately. All statistical
analyses were performed with the STATA package version 12.0 (StataCorp LP, College
Station, TX, USA).

Baseline Characteristics

In our cohort of 148,544 completed pregnancies, 1,995 (1.3%) women had a recorded
diagnosis of hypertension before their LMP date. Table 1 shows the principal baseline
characteristics and comorbidities at LMP stratified by history of hypertension. Among
women with pre-existing hypertension the mean age at LMP was 32.1 years, and it was 28.9
years for those without pre-existing hypertension. Compared with women without
hypertension, women with pre-existing hypertension were more likely to be obese (33% vs.
10%, p<0.001), have diabetes (4.3% vs. 0.5%, p<0.001), hyperlipidemia (3.6% vs. 0.4%,
p<0.001) and hypothyroidism (2.7% vs. 1.6%, p<0.001); while the distribution of other
common comorbidities in this population was similar among groups.

Overall antihypertensive medication use

The prevalence of exposure to antihypertensive medications for the overall cohort of
pregnancies was 1.5% during the pre-pregnancy period and 1.2% during the first trimester
(Table 2). The most commonly prescribed class was beta-blockers, both during pre-
pregnancy (0.8%) and during the first trimester (0.5%). Prescription of antihypertensive
medications during the first trimester of pregnancy increased between 1996 and 2010, from
0.87% to 1.37% between 1996 and 2010. An increase was seen for all antihypertensive
classes except for diuretics (0.23% to 0.18% from 1996 to 2010). A total of 54% of women
treated in the pre-pregnancy period (N=387) had been on antihypertensive medications for at
least one year.

Treatment patterns during pregnancy among women with pre-existing hypertension

Among women with hypertension, 36.1% received at least one prescription within the 3
months prior to the LMP date, with diuretics and beta-blockers being the most commonly
prescribed classes (11% and 10.3%, respectively). The discontinuation rate during the first
trimester was 9.6% and it rose up to 22.1% by the second trimester. The proportion of
women who continued on the same antihypertensive agent was 88.1% by the end of the first
trimester and decreased to 54.1% by the end of the second trimester. The proportion of
switchers by the end of first trimester was 2.2% and increased to 22.2% by the end of second
trimester. Most women with hypertension who did not receive any antihypertensive
medication within the pre-pregnancy period (73.9%) remained untreated throughout their
pregnancy, 96.1% and 93.5% during first and second trimester, respectively (Table 3).

Pharmacoepidemiol Drug Saf. Author manuscript; available in PMC 2015 October 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Soriano et al. Page 6

Table 3 summarizes the treatment patterns (continuers, discontinuers and switchers) by
antihypertensive class individually. Women using beta-blockers showed the greatest
discontinuation rate by the end of first (13.2%) and second (26.3%) trimester. Women using
alpha-beta blockers and central alpha agonists presented the lowest discontinuation rate by
the end of the first and second trimesters: 4.4% and 7.9% and 5.6% and 6.7%, respectively.

For drugs contraindicated in pregnancy, for ACEI the percentage of continuers decreased
from 78.6% in the first trimester to 26.0% by the second trimester; for ARB agents, the
proportion of continuers was 75.6% by the first trimester to 33.3% by the second. We
calculated whether the total proportion of antihypertensive users or women with pre-existing
hypertension changed by comparing estimates from the beginning and end of study period
(1996/98 and 2008/2010). At the start of the study period, 15% of women with pre-existing
hypertension were treated with an antihypertensive medication during the first trimester,
compared with 46% by the end of study period. A similar pattern was observed in the
second trimester (corresponding percentages: 16% vs. 40%).

Similar results of treatment patterns were found among women treated chronically for at
least one year before LMP, with a slightly higher proportion of continuers (95.4% by first
trimester and 63.8% by second trimester) (see supplementary table, Table S1).

Switching patterns during pregnancy among women with pre-existing hypertension

In Table 4 we present the switching patterns by the end of first and second trimester and by
antihypertensive class. By the end of the first trimester, regardless of initial classes, most
women had switched to a central alpha agonist or an alpha-beta blocker. For example, by the
first trimester, 65% of calcium channel blockers users and 50% of beta-blockers users
switched to central alpha agonists and 29.4% and 42.9% to alpha-beta blockers,

respectively. This pattern remained constant within the second trimester for most classes and
also among chronic users (see supplementary table, Table S2).

Monotherapy and polytherapy use among women with pre-existing hypertension

During the pre-pregnancy period, the antihypertensive classes diuretics, calcium channel
blockers, alpha 1 agonists and ARB were generally taken as part of a multi-drug
antihypertensive regimen (see supplementary table, Table S3). Among continuers, women
tended to keep the same regimens (poly/monotherapy) received during the pre-pregnancy
period. Those who switched treatment were more likely to be prescribed a single agent
irrespective of their type of use (poly/monotherapy) during the pre-pregnancy period.

Discussion

Main Findings
In the current study of over 140,000 pregnant women living in the UK between 1996 and
2010, the overall prevalence of antihypertensive medications during the first trimester was
1.5%, with beta-blockers being the most commonly prescribed drugs. Of 1,995 pregnant
women with pre-existing hypertension, close to 40% were prescribed an antihypertensive
medication within the 3 months preceding the LMP date. Among these women, 7-26%
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discontinued their antihypertensive therapy by the end of the second trimester, depending on
the initial drug, and around 30% switched therapy, preferentially to central alpha agonists or
alpha-beta blockers. The majority of women with pre-existing hypertension untreated before
LMP remained without prescriptions during the first and second trimester.

Interpretation

The prevalence of antihypertensive medication use in this population is in line with previous
estimates from the United States.?1.22 Bateman et al. reported a prevalence of 1.9% during
the first trimester and Andrade et al. a prevalence of 1.2% using Medicaid and HMO
Research Network sources, respectively. The slightly higher use in the US Medicaid
population may be in part explained by differences in risk factors for hypertension (e.g.,
obesity) across study populations. In our population, close to 40% of women with pre-
existing hypertension were on antihypertensives before their LMP%21 and the majority
continued on their medications during the first trimester, which is consistent with prior
studies. Interestingly, we found that women who switched drugs during pregnancy often
switched to methyldopa, although the NICE guidelines issued in 2010 in the UK recommend
labetalol as first line of choice. However, methyldopa was considered the first linel® in
earlier years and the observed patterns might reflect these previous recommendations.
Similarly, consistent with the guidelines, PCPs in the UK tended to prescribe a single agent
during pregnancy. ° Yet, there were a proportion of women on polytherapy regimens,
especially among women who continued pre-pregnancy treatment. It is possible that those
women had more poorly controlled hypertension, necessitating the use of more than one
anti-hypertensive agent.

Although there is still controversy regarding the safety of ACE inhibitors and angiotensin 11
receptor blockers during early pregnancy, given the potential effects on the developing
fetus,23 it is widely accepted that these drugs should be contraindicated in late

pregnancy. 24:2526 N|CE guidelines recommend offering alternative medications before
conception or to stop and change treatment as soon as pregnancy is diagnosed. While, in the
current study, prescriptions for these drugs were often discontinued by the second trimester,
it is still worrisome that a number of women received prescriptions throughout pregnancy.
Given the safety concerns, women of reproductive age taking these medications and their
PCPs may need further education regarding the safety of these medications in pregnancy.

Strengths and Limitations

This study was carried out using a large UK general practice population, with patients who
are representative of the entire UK population with respect to age, sex and geography?’.
Despite the large size of the total study cohort, the number of women of childbearing age
with pre-existing hypertension is relatively small, which limited our power and led to
unstable estimates for some of the sub-analyses such as the study of temporal trends by
individual antihypertensive class. Also of note, the patterns reflect only PCP management of
hypertension since this database did not include pregnancies followed exclusively by
specialists or at hospitals. However, in the UK most pregnancies are followed at least
partially by the PCP, as approximately 80% of UK pregnant women choose their PCP as
their first health professional. 19 . It is also important to note that the current study only
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included women with completed pregnancies since our aim was to evaluate the prescriptions
patterns beyond the first trimester. Women with fatal outcomes (such as miscarriages,
abortions) may have had different patterns around conception. Finally, since exposure is
based on prescriptions and we do not know if the medication was taken as prescribed, there
may be some overestimation of actual use. However, medications prescribed mainly by
specialists or in hospital settings would be under-recorded.

Our definition of hypertension was based on Read Codes suggestive of hypertension
recorded in the PCP electronic medical record up to the LMP date. We did not validate
hypertension diagnoses with the treating physician. However, when we followed a more
conservative approach and defined hypertension as having a specific Read Code together
with at least one antihypertensive prescription, the characteristics of this subgroup did not
differ substantially.

Conclusion

In conclusion, women with pre-existing hypertension tend to continue on antihypertensive
agents during pregnancy. Prescription patterns were dominated by the recommended
treatments, although we observed a delay in switching patients to preferred treatments and
some patients were prescribed contraindicated drugs throughout pregnancy. Further studies
are warranted to investigate the safety and effectiveness of these medications on this
population for the improvement the quality of care.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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