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ABSTRACT
Objectives To describe the prescribing trends of 
antihypertensive drugs in primary care patients and assess 
the trajectory of antihypertensive drug prescriptions, 
from first- line to third- line, in patients with hypertension 
according to changes to the United Kingdom (UK) 
hypertension management guidelines.
Design Population- based cohort study.
Setting and participants We used the UK Clinical 
Practice Research Datalink, an electronic primary 
care database representative of the UK population. 
Between 1988 and 2018, we identified all adult 
patients with at least one prescription for a thiazide 
diuretic, angiotensin- converting enzyme (ACE) inhibitor, 
angiotensin receptor blocker, beta- blocker or calcium 
channel blocker (CCB).
Primary and secondary outcome measures We 
estimated the period prevalence of patients with 
antihypertensive drug prescriptions for each calendar year 
over a 31- year period. Treatment trajectory was assessed 
by identifying patients with hypertension newly initiating 
an antihypertensive drug, and treatment changes were 
defined by a switch or add- on of a new class. This cohort 
was stratified before and after 2007, the year following 
important changes to UK hypertension management 
guidelines.
Results The cohort included 2 709 241 patients. The 
prevalence of primary care patients with antihypertensive 
drug prescriptions increased from 7.8% (1988) to 21.9% 
(2018) and was observed for all major classes except 
thiazide diuretics. Patients with hypertension initiated 
thiazide diuretics (36.8%) and beta- blockers (23.6%) as 
first- line drugs before 2007, and ACE inhibitors (39.9%) 
and CCBs (31.8%) after 2007. After 2007, 17.3% were 
not prescribed guideline- recommended first- line agents. 
Overall, patients were prescribed a median of 2 classes 
(IQR 1–2) after first- line treatment.
Conclusion Nearly one- quarter of primary care patients 
were prescribed antihypertensive drugs by the end of the 
study period. Most patients with hypertension initiated 
guideline- recommended first- line agents. Not all patients, 
particularly females, were prescribed recommended 
agents however, potentially leading to suboptimal 
cardiovascular outcomes. Future research should aim to 
better understand the implication of this finding.

INTRODUCTION
Antihypertensive drugs are commonly 
prescribed drugs, with a prevalence ranging 
between 8% and 35% of the adult popula-
tion.1–6 There are five major classes, comprised 
of thiazide diuretics, angiotensin- converting 
enzyme (ACE) inhibitors, angiotensin II 
receptor blockers (ARBs), beta- blockers and 
calcium channel blockers (CCBs). These 
classes have been approved for several years, 
with ARBs being the latest first- line class intro-
duced in the market in 1995.7

Despite a long- standing prescribing history, 
the prescription prevalence of antihyperten-
sive drugs over time has not been comprehen-
sively evaluated. Further, evidence suggests 
that sex differences may exist in the prescrip-
tion of different antihypertensive drug classes 
in primary care settings.8 Changes to hyper-
tension management over time have also led 
to earlier treatment initiation in the disease 
course, and in younger patients.9 To better 
understand these issues, there is a need for 
large country- specific studies describing the 
different patient subgroups being prescribed 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ The use of the Clinical Practice Research Datalink 
(CPRD) allowed for the inclusion of 2.7 million pri-
mary care patients and a 31- year follow- up period.

 ⇒ We conducted a detailed analysis of the antihyper-
tensive drugs prescribed in patients with hyperten-
sion, up to the third- line, capturing changes in the 
pharmacological management of hypertension over 
time.

 ⇒ The CPRD captures prescriptions issued by gen-
eral practitioners and does not capture dispensing 
information.

 ⇒ The first- ever prescription might not have been 
captured for some patients, although the use of a 
1- year look- back period should have minimised this 
limitation.
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these drugs and the changes in antihypertensive treat-
ment over time.

Additionally, although guidelines have been published 
on the pharmacological treatment of patients with hyper-
tension, few studies have investigated the application 
of these guidelines in real- world clinical practice. This 
gap in the literature is important because in the United 
Kingdom (UK) specifically, thiazide diuretics and beta- 
blockers were recommended first- line treatment in early 
guidelines, and gradually replaced by ACE inhibitors, 
ARBs and CCBs in later guidelines.10–15 A comprehensive 
assessment is thus needed to capture the treatment trajec-
tory of patients with hypertension over time and identify 
potential gaps and inequities in best practice manage-
ment of hypertension.

Therefore, the aims of this population- based study were 
to describe the long- term prescribing trends of antihy-
pertensive drugs in UK primary care patients and define 
the trajectory of antihypertensive drug prescriptions, 
from first- line to third- line, in primary care patients with 
hypertension.

METHODS
Data source
This study was conducted using the UK Clinical Practice 
Research Datalink (CPRD) Gp OnLine Data (GOLD), a 
large primary care database of electronic medical records 
representative of the UK population.16 17 The CPRD 
contains demographic information, anthropometric 
data such as body mass index (BMI), and lifestyle vari-
ables such as smoking. Medical diagnoses, laboratory test 
results, procedures and specialist referrals are recorded 
using Read codes, and prescriptions details are recorded 
using the British National Formulary (BNF) dictionary.17

Patient records provided by the general practices are 
assessed for quality through the Quality and Outcomes 
Framework, with lifestyle variables such as smoking, 
blood pressure, BMI, and alcohol intake having over 70% 
completeness in the CPRD.18 The CPRD has also been 
shown to be representative of the UK population for age, 
sex, ethnicity and BMI distribution,17 and diagnoses have 
been shown to have high sensitivity and specificity.19

Study population
Using the CPRD, we first identified a cohort of patients at 
least 18 years of age and registered with a general practice 
between 1 January 1988 and 31 December 2018. Cohort 
entry was defined as the patient’s start of registration 
with the general practice, the date the general practice 
met data quality standards, or 1 January 1988, whichever 
came later. End of follow- up was defined as the patient’s 
end of registration with the general practice, death from 
any cause, or 31 December 2018, whichever came first. 
Within this cohort, we identified patients who received 
at least one antihypertensive drug prescription during 
the study period, with no restrictions on specific comor-
bidities as these drugs can be prescribed for different 

indications. These drugs consisted of all those available 
in the UK during the study period and included thia-
zide and thiazide- like diuretics, ACE inhibitors, ARBs, 
beta- blockers, CCBs, other diuretics (loop diuretics, 
potassium- sparing diuretics, other diuretics), and other 
agents (alpha- blockers, alpha agonists, direct- acting 
vasodilators, centrally acting agents, ganglion- blocking 
agents, direct renin inhibitors and combination pills) 
(BNF codes in online supplemental table 1).

Statistical analyses
Period prevalence of patients with antihypertensive drug 
prescriptions
We first estimated the period prevalence of primary care 
patients prescribed antihypertensive drugs, overall and 
stratified by antihypertensive drug class, in each calendar 
year of the study period. Period prevalence was calculated 
by dividing the number of patients who were prescribed an 
antihypertensive drug by the total number of patients in 
the CPRD in each calendar year during the study period. 
Second, we assessed the period prevalence among patient 
subgroups, including by sex and age (18–39, 40–59, 
60–79, ≥80 years), and by indications of use (hyperten-
sion, heart failure, coronary heart disease, diabetes and 
chronic kidney disease). The latter was calculated by 
dividing the number of patients with a given indication 
and a prescription for a specific antihypertensive drug 
class by the total number of patients prescribed any anti-
hypertensive drug with that indication. This analysis was 
conducted to describe the patient population with these 
specific conditions. Finally, we estimated the number of 
antihypertensive drug classes prescribed to primary care 
patients over the study period overall, by sex, and by age 
group, to better understand changes in treatment inten-
sity over time in primary care.

Characteristics of patients initiating a first-ever antihypertensive 
drug
To better understand the patient population initiating 
antihypertensive drugs, we identified all patients aged 18 
and above with a first prescription for an antihyperten-
sive drug between 1 January 1988 and 31 December 2018. 
Cohort entry corresponded to the date of the first- ever 
antihypertensive drug prescription in monotherapy in 
the patient’s medical record. For this analysis, all patients 
were required to have at least 1 year of medical history 
in the CPRD before cohort entry. This was necessary to 
ascertain first- ever status and to have a sufficient look- 
back period to capture clinically relevant characteristics. 
Patient characteristics were described overall (1988–2018) 
and by decades (1988–1999, 2000–2009, 2010–2018). 
The following characteristics were captured at cohort 
entry: age, sex, BMI, smoking status, systolic and diastolic 
blood pressure (last measurement before cohort entry); 
and measured ever before: diagnoses of hypertension, 
heart failure, coronary heart disease, peripheral vascular 
disease, stroke, arrhythmias, atrial fibrillation, stable 
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angina, myocardial infarction, diabetes, and chronic 
kidney disease.

Finally, as recent evidence has shown an increase in beta- 
blocker prescriptions for non- cardiovascular conditions 
over time,20 we described the distribution of this drug 
class in patients with a first- ever and ever prescription.

Treatment trajectory
We also assessed the treatment trajectory among patients 
initiating a first- line antihypertensive drug in mono-
therapy before and after 1 January 2007. This dichoto-
misation was based on the June 2006 pharmacological 
update of the 2004 National Institute for Health and 
Care Excellence (NICE) guidelines on hypertension in 
primary care.13 14 These guidelines newly recommended 
ACE inhibitors (or ARBs if ACE inhibitors are not well 
tolerated) as the preferred first- line treatment in younger 
patients rather than beta- blockers.

For this analysis, we identified patients initiating a 
first- line antihypertensive drug with evidence of hyper-
tension before cohort entry. Evidence of hypertension 
was defined by either a diagnosis of hypertension before 
cohort entry or by at least three elevated systolic (≥140 
mm Hg) or diastolic (≥90 mm Hg) blood pressure 
measurements in the year before cohort entry.21 Patients 
were followed from their initial first- line treatment to 
subsequent treatment lines up to the third- line. A change 
in treatment line was defined by a patient switching a 
drug class to a new drug class or adding on a new drug 
class. End of follow- up was defined as the last prescrip-
tion date on record. At each treatment line, we captured 
the new drug class and calculated the median number of 
days between each treatment change (from the date of 
the first prescription of the first- line drug to the date of 
the first prescription of the second- line drug, and so on). 

Finally, to describe treatment intensity, we calculated the 
number of antihypertensive drug classes prescribed after 
failure on first- line monotherapy treatment over the study 
period. All analyses were performed with SAS V.9.4 (SAS 
Institute).

Patient and public involvement
Patients and the public were not involved in the design 
and implementation of the study (as this study involved 
the use of secondary data), or in dissemination plans.

RESULTS
Period prevalence of patients with antihypertensive drug 
prescriptions
Within a cohort of 11 417 758 primary care patients, 2 
709 241 patients were prescribed at least one antihyper-
tensive drug during the study period. Overall, the preva-
lence of patients with antihypertensive drug prescriptions 
increased from 7.8% in 1988 to 21.9% in 2018, and has 
remained relatively steady since 2006 (figure 1). By the 
end of the study period, 51.0% of patients were prescribed 
two or more antihypertensive drug classes.

Figure 2 presents the period prevalence for each anti-
hypertensive drug class during the study period. Between 
1988 and 2018, the prevalence increased for ACE inhib-
itors (0.4% vs 9.3%), CCBs (1.4% vs 8.7%) and beta- 
blockers (2.6% vs 8.6%). The prevalence of patients 
prescribed ARBs modestly increased from 0% in 1995 (the 
year ARBs entered the UK market) to 4.0% in 2018. For 
thiazide diuretics, the prevalence decreased from a peak 
of 7.3% in 2005 to 3.8% in 2018. In 2018, ACE inhibitors 
represented 24.5% of all antihypertensive drug prescrip-
tions, followed by CCBs (22.9%), beta- blockers (22.5%), 
ARBs (10.4%), thiazide diuretics (9.9%), other diuretics 

Figure 1 Overall period prevalence of primary care patients with antihypertensive drug prescriptions.
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(8.3%) and other antihypertensive drugs (1.4%). Treat-
ment intensity increased during the study period (online 
supplemental figure 1), with patients being prescribed a 
median of 1 drug class (IQR 1–2, maximum 7) in 1988 
to 2 (IQR 1–2, maximum 7) in 2018. During the study 
period, female patients were more likely than male 
patients to be prescribed only one class (52.5% vs 45.3% 
in 2018, respectively) (online supplemental figure 2A,B). 
Patients aged 60 and over were increasingly more likely to 
be prescribed two or more classes (online supplemental 
figure 3A–D).

Online supplemental figure 4A–G presents the period 
prevalence for males and females by age groups. Female 
patients were consistently more likely to be prescribed thia-
zide diuretics compared with male patients throughout 
the study period. In contrast, male patients were more 
likely to be prescribed ACE inhibitors than females, across 
all age groups. Similarly, males were more commonly 
prescribed CCBs during the study period, except for the 
youngest (18–39 years old) and oldest (80+) age groups. 
Finally, the prevalence of patients aged 18–39 years with 
beta- blocker prescriptions increased from 0.3% in 1988 
to 1.9% for males and to 4.0% for females in 2018.

Online supplemental figures 5–9 show the prevalence 
of antihypertensive drugs for patients with hypertension, 
heart failure, coronary heart disease, diabetes and chronic 
kidney disease, respectively, to describe the patient popu-
lation with these conditions. In patients with hyperten-
sion, the prevalence of patients with beta- blocker and 
thiazide diuretic prescriptions was highest from 1988 
until 2005–2006, when the 2004 guideline and the 2006 
pharmacological update began primarily recommending 

ACE inhibitors and CCBs for the management of hyper-
tension (online supplemental figure 5).13 14 In patients 
with heart failure, the most prevalent drug classes were 
diuretics (since 1988), ACE inhibitors (since 1992) and 
beta- blockers (since 2003) (online supplemental figure 
6). Beta- blockers were contraindicated for chronic heart 
failure until the publication of guidelines in 199722 after 
which the prevalence rose rapidly, becoming the most 
prevalent class by the end of the study period. Patients 
with coronary heart disease and type 2 diabetes showed 
a similar pattern, with the highest prevalence for ACE 
inhibitors, beta- blockers and CCBs, particularly after 
2000 (online supplemental figures 7,8). Finally, among 
patients with chronic kidney disease, the prevalence of 
patients with ACE inhibitors, CCBs, beta- blockers and 
loop diuretics was highest for most of the study period, 
however with a sharp decline for loop diuretics in 2006 
coinciding with the publication of the Quality and 
Outcomes Framework for chronic kidney disease in 
England and the UK chronic kidney disease management 
guidelines (online supplemental figure 9).

Characteristics of patients initiating a first-ever 
antihypertensive drug
There were 1 425 542 patients initiating a first- ever antihy-
pertensive drug prescription in monotherapy during the 
study period (online supplemental figure 10); 44.6% of 
those were males, and the mean age was 55.4 years (SD: 
17.2).

Table 1 describes the characteristics of patients initi-
ating first- ever antihypertensive drugs, overall and by drug 
class, during the study period. Beta- blockers represented 

Figure 2 Period prevalence of primary care patients with antihypertensive drug prescriptions, stratified by drug class. ACE, 
angiotensin- converting enzyme; ARBs, angiotensin II receptor blockers; CCBs, calcium channel blockers.
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the most commonly initiated drugs (36.4%), followed 
by ACE inhibitors (17.5%). Males were more likely to 
receive ACE inhibitors, ARBs and CCBs (62.7%, 60.0% 
and 52.7%, respectively), while females were more likely 
to receive thiazide diuretics, beta- blockers, other diuretics 
and other antihypertensive drugs (62.9%, 59.9%, 61.6%, 
89.8%, respectively). The majority of prescriptions in the 
‘Other antihypertensive drugs’ category (71.3%) were for 
clonidine hydrochloride 0.025 mg tablets.

Most patients initiating a thiazide diuretic, ACE inhib-
itor, ARB and CCB had evidence of hypertension (71.2%, 
76.4%, 76.6% and 67.9%, respectively). In contrast, 
patients initiating a beta- blocker, other diuretics and other 
antihypertensive drugs were less likely to have evidence 
of hypertension (22.9%, 14.1% and 21.6%, respectively). 
The majority of first- ever beta- blocker prescriptions were 
for propranolol (online supplemental table 2).

Online supplemental tables 3–5 describe the charac-
teristics of patients initiating a first- ever antihypertensive 
drug by decade (1988–1999, 2000–2009, 2010–2018). 
Between the first and the third decades, there was an 
overall increase in the proportion of patients diagnosed 
with diabetes (8.9% vs 21.3%) and chronic kidney disease 
(0.3% vs 3.6%), as well as hypertension for ACE inhibi-
tors (71.4% vs 78.2%), CCBs (44.2% vs 73.8%) and other 
diuretics (10.6% vs 16.8%).

Treatment trajectory
The trajectory analysis included a total of 619 984 patients 
with hypertension, comprised of 317 210 patients initi-
ating a first- line antihypertensive drug in the pre- 2007 
cohort and 302 774 patients in the post- 2007 cohort. 
Online supplemental tables 6,7 present the baseline 
characteristics of these patients. Patients in the pre- 2007 
cohort were slightly older than the post- 2007 cohort 
(60.5 years, SD: 18.3) vs 58.1 years, SD: 14.0) and had a 
higher pretreatment mean systolic (166.2 mm Hg, SD: 
17.9 vs 161.1 mm Hg, SD: 16.5) and diastolic blood pres-
sure (94.9 mm Hg, SD: 10.6 vs 93.4 mm Hg, SD: 10.7). 
In the post- 2007 cohort, female patients were less likely 
to be prescribed a UK guideline- recommended first- line 
agent such as ACE inhibitors (38.4%), ARBs (40.0%) or 
CCBs (45.9%). In the pre- 2007 cohort, 79.4% of patients 
switched to or added- on a new antihypertensive drug 
in contrast to 53.2% of patients in the post- 2007 cohort 
(online supplemental table 8).

Figure 3 presents the treatment trajectory of patients 
initiating an antihypertensive drug before 1 January 
2007. In this cohort, thiazide diuretics (36.8%) and 
beta- blockers (23.6%) were the most common first- line 
drugs. Among patients with first- line thiazide diuretic 
prescriptions, ACE inhibitors and beta- blockers were the 
most common second- line treatment (26.9% and 25.6%, 
respectively). Among patients with first- line beta- blocker 
prescriptions, thiazide diuretics and ACE inhibitors were 
the most common second- line treatment (23.7% and 
22.6%, respectively). Treatment trajectory details for 
ARBs and ‘Others’ are in online supplemental figure 11. 

The median number of days between treatment changes 
was 186 days (IQR 47–870) for first- line thiazide diuretics 
and 319 days (IQR 59–1211) for first- line beta- blockers 
(online supplemental figure 12).

Figure 4 presents the treatment trajectory after 1 
January 2007. The most common first- line drugs were 
ACE inhibitors (39.9%) and CCBs (31.8%). A total 
of 17.3% of patients were not prescribed a guideline- 
recommended first- line agent. Among patients with first- 
line ACE inhibitor prescriptions, CCBs were the most 
common second- line drugs (25.5%). Similarly, among 
patients with first- line CCB prescriptions, ACE inhibi-
tors were the most common second- line drugs (30.9%). 
Treatment trajectory details for ARBs and ‘Others’ are in 
online supplemental figure 13. The median number of 
days before starting second- line treatment was 182 days 
(IQR 63–654) for ACE inhibitors and 114 days (IQR 
39–468) for CCBs (online supplemental figure 14).

The median number of antihypertensive drug classes 
prescribed after failure on first- line treatment was 2 (IQR 
1–2, maximum 7). Over time, the percentage of patients 
prescribed two classes after failure on first- line treatment 
increased from 35.9% in 1989 to 45.8% in 2018. Similarly, 
patients with three classes increased from 9.8% in 1990 to 
16.2% in 2018 (online supplemental figure 15).

DISCUSSION
Principal findings
In this large population- based study, the prevalence of 
patients prescribed antihypertensive drugs increased 
during the study period but has remained relatively 
steady since 2006, with 21.9% of primary care patients 
receiving antihypertensive drugs by the end of the study 
period. The prescription prevalence was highest for ACE 
inhibitors (24.5%), CCBs (22.9%) and beta- blockers 
(22.5%). Beta- blockers were most prevalent in females 
and in youngest and oldest patients. Most patients with 
hypertension initiated guideline- recommended first- line 
agents, with thiazide diuretics and beta- blockers repre-
senting the most common first- line drugs before 2007 
(36.8% and 23.6%, respectively) and ACE inhibitors and 
CCBs after 2007 (39.9% and 31.8%, respectively). Fewer 
females initiated recommended first- line agents.

Comparison with previous studies
Although previous studies have described prescribing 
trends of antihypertensive drugs in UK primary care 
practices, these trends were reported for specific patient 
populations, indications, drug classes, or over short time 
periods.7 23–37 As such, there was a gap in the literature for 
a comprehensive assessment of the prescribing practices 
in primary care settings over time. In our study, 8% of 
adult primary care patients were prescribed antihyperten-
sive drugs in 1988 and increasing to 22% by the end of the 
study period. Similarly, other countries and jurisdictions 
have reported an overall prevalence ranging between 
8% and 35% in adult populations, with an increase over 

https://dx.doi.org/10.1136/bmjopen-2021-057510
https://dx.doi.org/10.1136/bmjopen-2021-057510
https://dx.doi.org/10.1136/bmjopen-2021-057510
https://dx.doi.org/10.1136/bmjopen-2021-057510
https://dx.doi.org/10.1136/bmjopen-2021-057510
https://dx.doi.org/10.1136/bmjopen-2021-057510
https://dx.doi.org/10.1136/bmjopen-2021-057510
https://dx.doi.org/10.1136/bmjopen-2021-057510
https://dx.doi.org/10.1136/bmjopen-2021-057510
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time.1–5 38 A large pooled analysis of 104 million primary 
care individuals found that the age- standardised preva-
lence of hypertension doubled between 1990 and 2019 
in primary care patients aged 30–79.39 Countries such as 
Canada, Peru and the UK (in women only) reported the 
lowest prevalence of hypertension, representing less than 
25% of its primary care population.39 Hypertension treat-
ment was highest in Canada, South Korea and Iceland, 
representing over 70% of patients with hypertension, but 
reported to be only 47% in the UK.

The prevalence of patients with ACE inhibitor and 
CCB prescriptions has increased steadily over the last 
three decades, while it has decreased sharply for thia-
zide diuretics since 2005. Similarly, a previous UK study 
reported a decrease in the number of thiazide diuretic 
prescriptions between 2010 and 2016/2017.24 Changes in 
UK hypertension treatment guidelines, notably in 2004 

when ACE inhibitors and CCBs were newly recommended 
as first- line treatment for hypertension along with thia-
zide diuretics and beta- blockers,13 may have contributed 
to this decline. Indeed, this decreasing trend was also 
seen in our findings specific to patients with hyperten-
sion. As thiazide diuretics have been associated with 
lower treatment adherence compared with ACE inhibi-
tors, ARBs and CCBs,40–42 this could have led clinicians 
to favour other classes with higher adherence. Indeed, 
we observed a shorter number of days between treatment 
changes in patients with thiazide diuretic prescriptions 
relative to other drugs. Concerningly, as we consistently 
observed more female patients being prescribed thiazide 
diuretics throughout the study period, lower treatment 
adherence could lead to suboptimal blood pressure 
control in women.

Figure 3 Treatment trajectory of primary care patients with hypertension with a first- ever antihypertensive drug prescription 
before 1 January 2007. aEach concentric circle represents a treatment line. Percentages do not reach 100% as only patients 
who switched to or added- on a new drug class are included. Fewer patients were prescribed first- line ARBs and ‘Other’ 
antihypertensive drugs, resulting in thinner slices for these two classes. As such, details of third- line results for ARB and ‘Other’ 
are in online supplemental figure 11 to better visualise the results. ACE, angiotensin- converting enzyme; ARB, angiotensin II 
receptor blocker; CCB, calcium channel blocker.

https://dx.doi.org/10.1136/bmjopen-2021-057510
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A large 2020 systematic review and meta- analysis of sex 
differences in cardiovascular medication prescriptions in 
primary care patients found that women were 27% more 
likely to be prescribed thiazide diuretics but less likely to 
be prescribed ACE inhibitors (pooled prevalence ratio 
0.83%, 95% CI 0.78 to 0.89).8 Over the study period, our 
study consistently showed a higher prevalence of female 
patients with thiazide diuretic prescriptions and a lower 
prevalence with ACE inhibitor prescriptions compared 
with male patients, similar to previous large studies of 
primary care patients.43 44 This sex difference may perhaps 
be explained by dissimilar presentations of cardiovascular 
symptoms, or different reporting of adverse events in 
men compared with women.45 46 Indeed, a 2019 system-
atic review of adverse reactions to heart failure drugs 

showed that cough and angioedema were reported more 
frequently in women treated with ACE inhibitors than 
men.47 These factors may in turn be reflected in the 
clinical decisions leading to prescribing practices. None-
theless, further research should focus on better under-
standing these sex differences in prescribing practices.

Our results also showed an age and sex difference in 
beta- blockers prescriptions. Beta- blockers were the first- 
ever drug class for 36.4% of the cohort and were predom-
inantly prescribed in the youngest patients, primarily 
females, and without evidence of hypertension or other 
cardiovascular indications. After 2010, when beta- blockers 
were no longer recommended as first- line therapy for 
hypertension in the UK,14 beta- blockers still constituted 
nearly 41% of first- ever drugs. Notably, the prevalence 

Figure 4 Treatment trajectory of primary care patients with hypertension with a first- ever antihypertensive drug prescription 
after 1 January 2007. aEach concentric circle represents a treatment line. Percentages do not reach 100% as only patients 
who switched to or added- on a new drug class are included. Fewer patients were prescribed first- line ARBs and ‘Other’ 
antihypertensive drugs, resulting in thinner slices for these two classes. As such, details of third- line results for ARB and ‘Other’ 
are in online supplemental figure 13 to better visualise the results. ACE, angiotensin- converting enzyme; ARB, angiotensin II 
receptor blocker; CCB, calcium channel blocker.

https://dx.doi.org/10.1136/bmjopen-2021-057510
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of patients aged 18–39 with a beta- blocker prescription 
increased over time, most markedly since 2007. Similarly, 
between 1999–2000 and 2011–2012, a US study found a 
nearly eightfold increase in the prevalence of adults aged 
20–39 with non- cardioselective beta- blocker prescrip-
tions.1 Our study also showed that the majority of those 
first- ever prescriptions were for propranolol. Indeed, a 
recent study reported a 2.5- fold increase in the prevalence 
of propranolol prescriptions for anxiety in UK primary 
care practices between 2003 and 2018, with a higher inci-
dence for female patients and patients aged <45 years 
old.20 This increase in prescriptions may correspond to the 
increase in the recording of anxiety symptoms and diag-
noses in female and younger patients in recent years.48 
Although propranolol is licensed for use in anxiety symp-
toms management,49 there is currently limited evidence 
of their long- term effectiveness and safety50 51 and no 
specific recommendations exist from NICE regarding 
its use in anxiety.52 Further, the UK Healthcare Safety 
Investigation Branch recently informed of a potential 
risk of propranolol toxicity in overdose, reporting a 33% 
increase in deaths potentially associated with propranolol 
overdose between 2012 and 2017.52 Our study also found 
a sharp increase in patients aged 80 and over with beta- 
blocker prescriptions, representing the largest age group 
with prescriptions for this class. Beta- blockers, and specif-
ically non- cardioselective beta- blockers such as propran-
olol, have been associated with increased risk of fall in the 
elderly.53 Together, these findings warrant further inves-
tigation to understand the benefits and safety of beta- 
blockers, especially propranolol.

National guidelines recommend select first- line agents 
for antihypertensive treatment. Published by the British 
Hypertension Society in 1989, the first guideline recom-
mended thiazide diuretics and beta- blockers as first- line 
treatments.10 At that time, ACE inhibitors and CCBs were 
new agents with limited evidence of their efficacy. Similar 
recommendations were made in subsequent guide-
lines,11 12 although ACE inhibitors, CCBs, alpha- blockers 
and later, ARBs could be considered potential options. 
As more evidence became available from randomised 
controlled trials and hypertension treatment became 
more complex,54–71 NICE and the British Hyperten-
sion Society published four new guidelines and updates 
(2004, 2006, 2011, 2019) recommending ACE inhibitors 
and CCBs as first- line agents and introducing treatment 
choice based on age and ethnicity.13–15 72 Our findings 
showed that patients treated after 2007 were younger 
and had lower mean blood pressure measurements than 
those treated before 2007. This is consistent with recent 
improvements in hypertension management which have 
led to the earlier treatment of patients, those younger in 
age, and those with lower initial blood pressure. However, 
much remains to be done. Previous studies showed that 
patients initiating an ACE inhibitor or a CCB had similar 
reductions in blood pressure, regardless of age,73 74 
suggesting that treatment choice based on indications 
rather than age might be more important.

The treatment trajectories reported in our study 
reflected the UK hypertension management guidelines 
published during the study period, with thiazide diuretics 
and beta- blockers being the most common first- line 
agents in the pre- 2007 cohort and ACE inhibitors and 
CCBs in the post- 2007 cohort. Similarly, one UK study 
found that diuretics and beta- blockers were prescribed 
in 54% of patients between 1993–1997.23 More recently, 
another UK study found that 69.7% of patients initiated 
an ACE inhibitor or CCB between 2006 and 2014.75 In 
our study however, 17.3% of patients were not prescribed 
a guideline- recommended first- line agent after 2007 and 
female patients were less likely to be prescribed an ACE 
inhibitor, ARB or CCB, which are currently guideline- 
recommended first- line agents. Further, 19.5% of 
patients were prescribed three or more antihypertensive 
drug classes after failure on first- line monotherapy, with 
some patients being prescribed up to seven classes. These 
findings suggest that some patients may be less likely to 
receive first- line agents and more likely to be overpre-
scribed antihypertensive drugs, potentially leading to 
less effective blood pressure control and higher risk of 
adverse effects. These gaps and inequities in best practice 
management of hypertension should be further investi-
gated. Further, studies should investigate which specific 
treatment trajectory optimises cardiovascular outcomes 
in patients with hypertension.

Strengths and limitations of the study
Our study has several strengths. First, with the inclusion 
of 2.7 million patients, it is the largest and most compre-
hensive study to date on the prescribing trends of anti-
hypertensive drugs, presenting trends by drug class, sex, 
age group and comorbidities. Second, the 31- year study 
period provides the most extended follow- up to date and 
captures major changes in UK treatment guidelines over 
time. Third, this study describes the treatment trajectory 
of antihypertensive drugs from first- through third- line, 
providing a detailed picture of the treatment lines used 
in the management of patients with hypertension along 
with the duration of each of these treatment lines. Finally, 
the CPRD has been shown to be representative of the UK 
population and undergoes regular data quality checks to 
ensure its validity.17

Our study also has limitations. First, as the CPRD 
represents prescriptions issued by general practitioners, 
prescriptions from specialists are not captured in the 
database. However, in the UK, most patients treated with 
antihypertensive drugs are managed by general practi-
tioners.76 77 Second, the CPRD captures prescriptions 
rather than dispensing information. Therefore, it is 
possible that some patients may not fill a prescription or 
adhere to the prescription. However, our study focused 
on the prescription rather than use of antihypertensive 
drugs. Third, for the treatment trajectory cohort, the 
analysis was limited to patients with a recorded diagnosis 
of hypertension through a robust algorithm. However, it 
is possible that some patients were not captured by this 
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definition, leading to an underestimation of the number 
of patients included in the cohort. However, there is no 
evidence suggesting that these patients would differ by 
antihypertensive drug class. Fourth, some antihyperten-
sive drugs may have been prescribed for indications other 
than hypertension. However, we captured the first- ever 
antihypertensive drug prescription after a diagnosis of 
hypertension, therefore minimising the likelihood that 
the prescriptions were indicated for other comorbidities. 
Finally, it is possible that we might not have captured the 
first- ever prescription for some patients.

In summary, nearly one- quarter of primary care patients 
were prescribed antihypertensive drugs by the end of the 
study period, with half of those concomitantly receiving 
two or more classes. Beta- blockers were most prevalent 
in females and in both the youngest and oldest patients, 
although this class is associated with potential adverse 
events. Most patients with hypertension initiated a thia-
zide diuretic or beta- blocker before 2007 and an ACE 
inhibitor or CCB after 2007. These prescribing patterns 
mirror the changes in hypertension management guide-
lines during the study period. However, fewer females 
initiated recommended first- line agents, potentially 
leading to suboptimal cardiovascular outcomes. Future 
studies should investigate these gaps and inequities, 
as well as which specific treatment trajectory optimises 
cardiovascular outcomes in patients with hypertension.
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