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INTRODUCTION
The global obesity epidemic has caused 
increasing prevalence of diabetes at 
younger ages and a sixth of people with 
hypertension are now aged <45 years.1–4 
The National Institute for Health and Care 
Excellence (NICE) and the British and 
Irish Hypertension Society (BIHS) currently 
recommend angiotensin-converting 
enzyme (ACE) inhibitors or angiotensin 
receptor blockers (ARBs) as first-line 
management for patients aged <55 years 
with hypertension.5,6 These medicines are 
also frequently prescribed for diabetes.7 

ACE inhibitors/ARBs are known to be 
teratogenic and some studies suggest 
congenital anomalies can occur with 
exposure in the first trimester only.8–11 
With increasing rates of hypertension and 
diabetes at younger ages, the prescription 
of ACE inhibitors/ARBs in women of 
childbearing age is becoming more 
common; as such, inadvertent use of 
ACE inhibitors/ARBs during a pregnancy 
is increasing.8,12,13 It has been reported 
that 16% of pregnancies in the UK are 
unplanned.14 Most pregnancies are not 
recognised until at least halfway through 
the first trimester, when deleterious effects 
may already have occurred from ACE 
inhibitor/ARB exposure.8,9,12,13,15 

Indeed, delays in pregnancy confirmation 
result in ACE inhibitors or ARBs frequently 
being continued during pregnancy.12,13 

Consequently, preventing inappropriate ACE 
inhibitor/ARB use during a pregnancy has 
to be an important current consideration, 
and become a key future consideration, in 
primary care.5,6 

Guideline and regulator advice
The Medicines and Healthcare products 
Regulatory Agency (MHRA) and NICE advise 
that clinicians should inform women who 
are prescribed ACE inhibitors/ARBs of the 
teratogenic risks of these medicines.5,6,16 

UK and US guidelines also advise that, if 
a woman with hypertension is planning 
a pregnancy, clinicians should discuss 
alternative antihypertensive medications 
prior to conception and, if a pregnancy 
occurs, the ACE inhibitor/ARB should be 
stopped or switched immediately.5,6,16,17 
This contrasts with national guidelines 
from other countries, which recommend 
that these medicines be avoided in women 
of childbearing age with hypertension or 
only co-prescribed with contraception.18–24 
Consequently, there appears to be 
little global consensus concerning the 
prescription of ACE inhibitors/ARBs in 
women of childbearing age. 

Guideline compliance 
A 2008 study found that nearly half of women 
referred to a specialist hypertension clinic 
were prescribed an ACE inhibitor/ARB; 
70% of these were using non-permanent 
contraception, no contraception, or their 
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The teratogenic risks of angiotensin-converting 
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To record how frequently women of childbearing 
age, who are prescribed an ACE inhibitor or 
ARB, receive preconception advice and/or 
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pregnancies, terminations, and miscarriages 
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whether patterns in the above differ across age 
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Design and setting
Cross-sectional study conducted among patients 
from 141 general practices in East London. 

Method
Women aged 15–45 years who were issued a 
prescription for an ACE inhibitor or ARB between 
1 October 2018 and 1 January 2019 inclusive 
were included. An electronic search strategy 
was designed to extract pseudonymised data 
concerning preconception and contraception 
advice, contraception, and pregnancies from the 
electronic clinical system; this was applied to the 
selected cohort on 1 January 2019. Data were 
analysed in 5-year age groups.

Results
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were prescribed an ACE inhibitor or an ARB in 
a 3-month period. Of these, 2159 (81.4%) had 
no advice and no contraception prescription 
recorded, 35 (1.3%) had preconception advice 
recorded, and 230 (8.7%) had contraception 
advice recorded. A total of 100 pregnancies and 
21 terminations/miscarriages were recorded 
in the 12 months preceding the index date 
(1 January 2019). 

Conclusion
This study found that the recording of pre-
pregnancy advice and contraception in women 
of childbearing age who were prescribed an ACE 
inhibitor or an ARB was suboptimal; this may 
place women and their babies at risk of exposure 
to teratogens during pregnancy. The findings 
indicate that there is a need for improved safety 
strategies based in primary care.
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contraception status was unknown.25 In a US 
study, only 11.7% of women of childbearing age 
with hypertension, hypercholesterolaemia, or 
diabetes had evidence of giving informed 
consent to be prescribed an ACE inhibitor, 
ARB, or statin, having been informed of the 
risk of adverse fetal effects.26 

Despite exposure concerns, there have 
been no studies, of which the authors are 
aware, to assess guideline compliance in 
the UK including rates of pre-pregnancy 
advice and contraception prescriptions 
or the, possibly associated, pregnancy or 
miscarriage rate. 

The aim of this study was to fill this 
knowledge deficit, in the context of 
general practice, because in the UK it is 
the source of most ACE inhibitor/ARB and 
contraception prescriptions and, often, the 
most appropriate environment in which to 
offer pre-pregnancy advice.

The study aimed to ascertain:

• how many women of childbearing age 
are prescribed an ACE inhibitor or ARB 
for any indication, across three clinical 
commissioning groups (CCGs); 

• how many of these women are given 
preconception or contraceptive advice, or 
are prescribed contraception; 

• how many pregnancies and terminations/
miscarriages occur in this population 
in association with ACE inhibitor/ARB 
prescriptions; and 

• whether patterns in the above rates differ 
across age groups.

METHOD
Setting 
This cross-sectional study included patients 
from three adjacent urban CCGs in East 
London: NHS City & Hackney CCG, NHS 
Newham CCG, and NHS Tower Hamlets 
CCG. These are among the most deprived and 
ethnically diverse CCGs in both London and 
the UK, and are served by 141 GP practices. 

Data collection 
All 141 GP practices included in the study 
use EMIS Web, an electronic, integrated 
clinical IT system. Clinical information and 
all GP-issued prescriptions are coded and 
recorded by the healthcare provider, using the 
Read code system. Read codes are a coded 
thesaurus of clinical words and phrases 
that enable information to be coded and 
searched for in a standard manner across 
primary and secondary healthcare systems 
in the UK.27 De-identified Read-coded 
information was centrally extracted from 
GPs’ electronic clinical systems and no other 
healthcare systems were accessed. Free-text 
information was not available. Data were 
accessed, encrypted, and securely stored 
by the Clinical Effectiveness Group (CEG) 
at Queen Mary University of London. Pawa 
et al have provided a detailed description 
of the types of databases held by the CEG, 
and its role in facilitating information sharing 
between CCGs and practices.28

Study population 
Female patients aged 15–45 years were 
selected from all patients registered at the 
141 practices. A British National Formulary 
(BNF) code pertaining to an ACE inhibitor/
ARB prescription within 3 months prior to 
the index date (that is, from 1 October 2018 
until the index date of 1 January 2019) 
was searched in the electronic medical 
record (EMR) for each selected patient. 
Women who had a recorded ACE inhibitor/
ARB prescription within this time frame 
were selected for inclusion in the study; of 
those, women with a recorded Read code 
for a previous hysterectomy or sterilisation 
procedure were then excluded. The Read 
codes used to identify patients for exclusion 
are detailed in Supplementary Table S1. 

Read codes for the information elements 
listed below (see Supplementary Tables S2–
S4) were then searched for within a range of 
time frames, and extracted from the EMR of 
each patient in the study cohort on the index 
date (1 January 2019):

• ethnicity: most recent code; 

• comorbidities, including hypertension, 
diabetes, heart failure, and chronic kidney 
disease (CKD): most recent code; 

• ACE inhibitor/ARB name and dose: most 
recent code; 

• preconception advice: coded in the 
12 months preceding the index date; 

• contraception advice: coded in the 
12 months preceding the index date; 

• oral contraception, transdermal 

How this fits in 
Exposure to angiotensin-converting enzyme 
inhibitors or angiotensin receptor blockers 
during pregnancy is associated with 
teratogenic risk to the fetus. This study shows 
that the recording of pre-pregnancy advice 
and contraception in women of childbearing 
age, who are prescribed such medicines, is 
suboptimal and a number of pregnancies 
occur in this population. As this may place 
women and their babies at risk of exposure 
to teratogens, there is a need for significant 
improvements in the care of these patients.

British Journal of General Practice, Online First 2020  2

Table 1. Age and ethnicity 
of the study population 
(N = 2651)

Characteristic n (%)

Age groupa

 15–19 years 19 (0.7)
 20–24 years 34 (1.3)
 25–29 years 93 (3.5)
 30–34 years 238 (9.0)
 35–39 years 626 (23.6)
 40–45 years 1641 (61.9)

Ethnicityb

 Asian/Asian British 1641 (61.9)
 White/other white 342 (12.9)
 Black African/black Caribbean/ 334 (12.6) 
 black British  

aRange: 15–45 years; mean age: 39.6 years. bSmall 

numbers of women listed under various ethnicities, 

or women with no recorded ethnicity, made up the 

remaining 12.6% (n = 334) of the study population's 

listed ethnicities.



contraception, or long-acting reversible 
contraception (LARC): code searched 
for within various time frames, ranging 
from a few months to several years (see 
Supplementary Tables S3 and S4); 

• pregnancy: coded in the 12 months 
preceding the index date; and

• termination/miscarriage: coded in the 
12 months preceding the index date.

Each included patient was allocated 
a pseudonymised identifier. The Read 
codes present were recorded against each 
pseudonymised identifier. There were no 
updates to the database during the data 
analysis. 

Sex, age, and any prescribed medications 
are recorded automatically and consistently 
in the patient’s medical record in the EMIS 

Web system. Data may be missing for 
aspects of a patient’s health care, if that 
care was accessed outside of the primary 
care setting (for example, in sexual-health 
centres) or if the data were recorded only 
as a free-text entry and not coded. This is 
acknowledged as a common problem in the 
use of primary care datasets.29 

Data analysis 
Data were analysed using Microsoft 
Excel for Mac (version 16.24). Univariate 
descriptive statistics were used along with 
5-year age groups. Averages are presented 
as the mean, unless otherwise stated.

RESULTS
Study sample 
Table 1 outlines the age and ethnicity of 
the study population. See Supplementary 
Table S5 for absolute numbers of women in 
each age group.

Population comorbidities and ACE 
inhibitor/ARB prescriptions
Among the 2651 women included in 
the study, 2054 (77.5%) had a recorded 
diagnosis of hypertension, 1000 (37.7%) 
had one for diabetes, 147 (5.5%) had one 
for CKD, and 57 (2.2%) had one for heart 
failure. Ramipril was prescribed to 1538 
(58.0%) women, losartan to 470 (17.7%) 
women, and lisinopril to 212 (8.0%) women; 
16.3% of women used others (data not 
shown).

Preconception and contraception advice, 
and methods of contraception 
Figure 1 shows the percentage of women in 
each age group for whom preconception or 
contraception advice had been recorded. A 
Read code concerning preconception advice 
and contraception advice was recorded in 
the 12 months preceding the index date in 
35 (1.3%) women and 230 (8.7%) women, 
respectively. 

Figure 2 shows the percentage of the 
population, within each age group, that 
had a LARC or an oral/transdermal 
contraceptive recorded in the relevant time 
frames. In total, 230 (8.7%) women had a 
LARC prescription recorded in the relevant 
time frame; for these women, the following 
methods were used:

• intrauterine device (n = 96, 41.7%);

• intrauterine system (n = 65, 28.3%);

• subcutaneous implant (n = 45, 19.6%); 
and 

• depot progestogen injection (n = 24, 
10.4%).

Figure 1. Percentage of each age group for whom 
preconception or contraception advice was recorded 
during the 12 months preceding the index date. 

Figure 2. Percentage of each age group for whom 
a LARC or an oral/transdermal contraceptive was 
recorded in the relevant time frames. 
LARC = long-acting reversible contraception.
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Of the total cohort of 2651 women, 44 
(1.7%) had a prescription for an oral or 
transdermal contraceptive recorded in 
the 6 months preceding the index date; of 
these, 42 (95.5%) had the combined oral 
contraceptive pill recorded and two (4.5%) 
had a transdermal contraceptive recorded. 

Figure 3 shows the percentage of women 
in each age group for whom no preconception 
advice and no contraception advice had 
been recorded in the 12 months preceding 
the index date, and no contraception had 
been recorded in the time frames outlined 
in Supplementary Tables S3 and S4. 

Pregnancy and termination of pregnancy 
In total, 100 pregnancies and 
21 terminations/miscarriages were 
recorded in the whole study population 

(n = 2651) during the 12 months preceding 
the index date (Table 2). Based on the 
Read codes, 58 pregnancies were 
‘definite’ and 42 ‘inferred’ (Supplementary 
Table S6). Thirteen pregnancies and four 
terminations/miscarriages followed the 
most recent prescription of an ACE inhibitor 
or ARB (Table 2). 

A total of 2159 (81.4%) of the entire study 
population had neither preconceptual 
or contraception advice recorded in the 
12 months preceding the index date, 
nor any form of contraception recorded 
within the relevant time frames. Within 
these women, there were 63 recorded 
pregnancies and 16 recorded terminations/
miscarriages. In those women for whom 
no advice or contraception was recorded, 
11 pregnancies and three terminations/
miscarriages were recorded, respectively, 
following the most-recent prescription for 
an ACE inhibitor or ARB. 

Figure 4 shows the percentage of women 
in each age group for whom a pregnancy 
or a termination/miscarriage had been 
recorded in the 12 months preceding the 
index date.

DISCUSSION
Summary
Among 2651 women of childbearing age 
with a prescription for an ACE inhibitor or 
ARB, 81.4% had no recorded preconception 
or contraception advice in the 12 months 
preceding the index date and no recorded 
contraception prescription. Just 1.3% and 
8.7% of the population had preconception 
and contraception advice recorded, 
respectively, in the 12 months preceding 
the index date and 8.7% and 1.7% had a 
prescription for a LARC or oral/transdermal 
contraceptive recorded, respectively, in the 
relevant time frames. This apparent lack 
of provision for delivering pre-pregnancy 
safety advice may increase the risk of a 
woman conceiving while prescribed an 
ACE inhibitor or ARB and, as such, also 
increase the risk of the fetus being exposed 
to teratogens. 

Indeed, women without pregnancy-
prevention interventions are likely to 
be most at risk of conceiving.30 A total 
of 100 pregnancies and 21 terminations/
miscarriages were recorded during the 
12 months examined, while 13% and 19% 
of these pregnancies and terminations/
miscarriages, respectively, were recorded 
within 3 months of the woman receiving a 
prescription for an ACE inhibitor or ARB. As 
such, pregnancy exposure to ACE inhibitors 
or ARBs remains a current and important 
hazard to women and their unborn babies.
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Figure 3. Percentage of each age group for whom 
no preconception advice, contraception advice, or 
contraception was recorded in the relevant time 
frames. 

Table 2. Recorded preconception advice, contraception advice, 
pregnancies, and terminations/miscarriages 

  Recorded  Recorded terminations/ 
  pregnancies,  miscarriages, 
Population Time frame n (%) n (%)

All women (n = 2651) 12 months preceding the index date 100 (3.8) 21 (0.8)

All women (n = 2651) Following most-recent ACE 13 (0.5) 4 (0.2) 
 inhibitor/ARB prescription

Women with no recorded  12 months preceding the index date 63 (2.9) 16 (0.7) 
advice or contraception     
(n = 2159)

Women with no recorded  Following most  11 (0.5) 3 (0.1) 
advice or contraception recent ACE inhibitor/ 
(n = 2159) ARB prescription

ACE = angiotensin-converting enzyme. ARB = angiotensin receptor blocker.



Strengths and limitations 
This study provides a contemporary 
perspective on pregnancy preparation in 
women of childbearing age who have been 
prescribed an ACE inhibitor or ARB. Although 
the sample was drawn from a relatively large 
socially and ethnically diverse population 
without prior selection — thereby providing 
a real-world cohort — the population was 
drawn from areas of deprivation and was 
ethnically diverse, therefore the results 
may not be generalisable, especially to 
non-urban settings, and the study requires 
replication elsewhere. In spite of this, the 
patient demographics and comorbidities 
were comparable with those in existing 
literature.25,26

The use of the Read code system — 
a single, electronic, consistent coding 
system that allows for universal access to 
patients’ EMRs — is a significant strength. 
Furthermore, all prescribed medicines 
are electronically prescribed by GPs; 
therefore, the data presented is an accurate 
representation of prescribing. However, a 
small number of patients may choose not 
to have their medicine dispensed by the 
pharmacy — the authors were unable to 
account for these patients in this study. 
GPs may not always code the advice 
they give, and some women may access 
care elsewhere; as a result, the findings 
presented here may underestimate the 
advice offered about potential pregnancy/
pregnancy risks, whether planned or not. 

Indeed, the results highlight a key 
medicolegal issue: if advice is not being 
recorded or coded correctly, should an 
adverse event occur, the clinician would 
have very little evidence supporting their 
claim that advice was given. 

As this study only examined prescribing 
between 1 October 2018 and 1 January 
2019 inclusive, those women who were 
prescribed an ACE inhibitor or ARB 
earlier in the year, and may have had a 
pregnancy exposed to these teratogens, 
were not included; this may underestimate 
potential exposure. The authors searched 
for parent Read codes rather than individual 
daughter Read codes, for example, the 
‘gravida’ parent code was searched for 
as an ‘inferred’ pregnancy code, which 
includes all values of gravida, including 
gravida 0. Therefore, it should be noted that 
use of a parent code in this instance may 
have resulted in a slightly higher number 
of pregnancies being recorded than actually 
occurred.

Comparison with existing literature
The findings of this study are in agreement 
with previous international studies that 
suggest care is suboptimal.8,13,16,26,31 
The most recent UK study, of which the 
authors are aware, dates from 2008; it 
found low levels of contraception use in a 
hospital clinic population of hypertensive 
women of childbearing age taking ACE 
inhibitors or ARB who potentially could 
become pregnant (that is, they were pre-
menopausal and neither they nor their 
partners were sterilised).25 The findings 
presented here suggest there has been 
little improvement in pre-pregnancy care 
for women prescribed an ACE inhibitor or 
ARB in the decade since then. 

The study presented here found that 
younger women were least likely to 
receive preconception advice or prescribed 
contraception (Figure 3). 

A recent British population-wide survey 
found that those aged <25 years have the 
highest rates of unplanned pregnancy 
and potentially women in this age group 
who are taking ACE inhibitors or ARBs 
are similar to this age group as a whole.14 
The recording of advice and contraception 
also decreased for women aged ≥35 years, 
who formed a larger at-risk group as they 
are more likely to be prescribed an ACE 
inhibitor/ARB. UK pregnancy rates in those 
aged >40 years are increasing rapidly.32 
The findings presented here show that 
women aged 40–45 years had the second 
highest absolute number of pregnancies 
and terminations/miscarriages (although 
not the highest proportion).

Although some age differences 
were observed, overall, all women of 
childbearing age who were prescribed an 
ACE inhibitor or ARB had very low levels 
of recorded pregnancy advice, associated 
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Figure 4. Percentage of each age group, for whom 
either a pregnancy or a termination/miscarriage was 
recorded in the 12 months preceding the index date. 
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with considerable numbers of pregnancies 
and potential exposure to teratogenic 
medications. Previous studies suggest 
a lack of time, financial incentive, and 
clinician knowledge are responsible for 
poor pregnancy preparation.33

International guidelines recommend that 
the prescription of an ACE inhibitor or ARB 
is avoided in young women, contraception 
is co-prescribed, or ‘adequate precautions’ 
are taken against pregnancy.18–22 European 
Society of Cardiology guidelines suggest the 
use of ACE inhibitors and ARBs in women 
without reliable contraception is a possible 
contraindication.23,24

New NICE guidance includes no 
recommendation that pre-pregnancy 
planning/advice or contraception should 
be provided, and recommends the use of 
enalapril (an ACE inhibitor) as a first-line 
management option in the post-partum 
period for chronic hypertension;5 this is 
despite an MHRA warning, advising against 
ACE inhibitor or ARB use in the early post-
partum period because of possible neonatal 
hypotension.34 Furthermore, NICE advises 
that, in women prescribed an ACE inhibitor 
or ARB for hypertension, clinicians should 
discuss suitable alternative medicines 
if pregnancy is planned.5 In contrast, 
for women prescribed an ACE inhibitor 
or ARB for other conditions such as 
diabetes, a discussion about alternatives 
is recommended, irrespective of pregnancy 
plans.5 Inconsistency in national and 
international guidelines may also preclude 
optimal delivery of effective pregnancy 
preparation provisions to these women, and 
guidelines and improvement programmes 
require system-wide interventions for 
maximum impact.35

Trials of decision-support systems and 
ad hoc patient reviews have demonstrated 
no improvement in prescribing of potentially 
teratogenic medications to women who 
could become pregnant.36 The failure to 
provide stronger system-wide measures 
to prevent pregnancy exposure to ACE 

inhibitors and ARBs is in sharp contrast with 
recent MHRA safety initiatives regarding the 
highly teratogenic drug, valproate, which 
have generated a system-wide approach 
to active engagement by patients, their 
hospital specialists, and GPs.37 

Implications for research and practice
As mentioned previously, low levels of 
recorded pre-pregnancy advice and 
contraception may place women who are 
prescribed an ACE inhibitor or ARB at 
high risk of pregnancy exposure to these 
teratogens. Teratogenic risks of ACE 
inhibitors and ARBs are well documented, 
and the prescribing of these medications 
in women of childbearing age in primary 
care is becoming increasingly frequent. 
As this study found that the recording of 
pre-pregnancy advice and contraception in 
such women was suboptimal and has not 
improved over the last decade, primary-
care-based improvement strategies are 
required. Patient-held records, signed 
consent relating to the understanding of 
pregnancy risks, electronic-alert and 
virtual review systems, clinician education, 
prescribing incentives, and patient 
education materials may contribute to safer 
systems for women of childbearing age 
prescribed an ACE inhibitor or an ARB.

The Cumberlege report has recently 
expressed concern about exposure to 
teratogenic medicines in pregnancy.38 

Future research could be undertaken 
in large representative national general 
practice datasets such as QResearch, The 
Health Improvement Network (THIN), or 
Clinical Practice Research Datalink (CPRD) 
to further estimate the scale of possible 
pregnancy exposure to ACE inhibitors/
ARBs, as well as additional research on 
GPs' knowledge of prescribing hazards in 
pregnancy.
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