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Hypertension is a leading risk factor for cardiovascu-
lar disease and death, estimated to be attributable 
for 54% of strokes, 47% of ischemic heart disease 

cases and 13.5% of deaths worldwide.1,2 In Canada, hyper-
tension affects approximately 23% of adults and, in 2010, 
accounted for 10.2% of direct health care costs.3,4 Treatment 
of hypertension is complex, and clinical practice guidelines, 
including recommendations on blood pressure targets and 
the efficacy and safety of drug therapies, continue to be 
updated following assessment of the available evidence.5 

Currently, 5 antihypertensive drug classes are recommended 
for the initial treatment of individuals with hypertension and 
without other compelling indications,6 namely, thiazide-type 
and thiazide-like diuretics (“thiazides”), angiotensin-converting 
enzyme (ACE) inhibitors, angiotensin II receptor blockers 
(ARBs), dihydropyridine calcium channel blockers (CCBs) 
and β-blockers.6–8 In a Cochrane review, low-dose thiazides 
were shown to significantly reduce mortality and cardiovascu-
lar events, including stroke and coronary heart disease in indi-
viduals with moderate-to-severe primary hypertension, and 

the evidence supporting them were graded as high quality.9 
Angiotensin-converting enzyme inhibitors and CCBs were 
shown to be similarly effective, though the evidence for them 
was graded as low-to-moderate quality.9 Additionally, single-
pill combinations of an ACE inhibitor or ARB with a thiazide 
or CCB have been recommended as an initial therapy since 
2017 for their effectiveness in improving cardiovascular pro-
tection, blood pressure control and treatment adherence, and 
reducing adverse effects.10

Previously, trends in antihypertensive drug use between 
1999 and 2014 were shown to be responsive to changes in clin-
ical practice guidelines and the timing of clinical trials.11 
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Background: Clinical guidelines for hypertension were updated with lower blood pressure targets following new studies in 2015; the 
real-world impact of these changes on antihypertensive drug use is unknown. We aimed to describe trends in antihypertensive drug 
utilization from 2004 to 2019 in British Columbia.

Methods: We conducted a longitudinal study to describe the annual prevalence and incidence rate of use of 5 antihypertensive drug 
classes (thiazides, angiotensin-converting enzyme [ACE] inhibitors, angiotensin II receptor blockers [ARBs], calcium channel block-
ers and β-blockers) among BC residents aged 30–75 years. We also conducted a cohort study to compare the risk of discontinuation 
and switch or add-on therapy between incident users of the above drug classes. We used linkable administrative health databases 
from BC. We performed a Fine–Gray competing risk analysis to estimate subhazard ratios.

Results: Among BC residents aged 30–75 years (population: 2 376 282 [2004] to 3 014 273 [2019]), the incidence rate of antihyperten-
sive drug use decreased from 23.7 per 1000 person-years in 2004 to 18.3 per 1000 person-years in 2014, and subsequently increased 
to 22.6 per 1000 person-years in 2019. The incidence rate of thiazide use decreased from 8.9 per 1000 person-years in 2004 to 3.2 
per 1000 person-years in 2019, and incidence rates for the other drug classes increased. Incident users receiving thiazide monother-
apy had an increased risk of discontinuing any antihypertensive treatment compared with ACE inhibitor monotherapy (subhazard ratio 
0.96, 95% confidence interval [CI] 0.95–0.97), ARB monotherapy (subhazard ratio 0.84, 95% CI 0.81–0.87) and thiazide combination 
with ACE inhibitor or ARB (subhazard ratio 0.86, 95% CI 0.84–0.88), and had the highest risk of switching or adding on.

Interpretation: First-line use of thiazides continued to decrease despite a marked increase in incident antihypertensive therapy follow-
ing updated guidelines; incident users receiving ARB monotherapy were least likely to discontinue, and incident users receiving thiazide 
monotherapy were more likely to switch or add on than users of other initial monotherapy or combination. Further research is needed 
on the factors influencing treatment decisions to understand the differences in trends and patterns of antihypertensive drug use.
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However, trends and patterns of antihypertensive drug use 
have not been recently evaluated in the context of current 
guidelines and evidence. More recently, clinical guidelines for 
hypertension were updated following new studies on the effect 
of intensive blood pressure lowering on cardiovascular out-
comes. In 2015, authors of 2 meta-analyses concluded that 
intensive blood pressure lowering significantly reduced the risk 
of major cardiovascular events (by 14%12 and by 20%13) and 
all-cause mortality (by 9%12 and 13%13), and that the benefits 
were consistent across patient subgroups with different base-
line comorbidities and blood pressure.12,13 In the same year, the 
Systolic Blood Pressure Intervention Trial (SPRINT) research 
group concluded that intensive lowering of systolic blood pres-
sure targets to less than 120 mm Hg, compared with less than 
140 mm Hg, resulted in a 25% reduction in major cardio
vascular events and all-cause mortality among high-risk indi-
viduals without diabetes.14 In 2016, the Hypertension Canada 
Guidelines, for selected high-risk individuals only, lowered 
the diagnostic threshold from 140/90 to 130/80 mm Hg 
and recommended a systolic blood pressure target under 
120 mm Hg.15 In 2017, the American College of Cardiology 
and American Heart Association (ACC/AHA) guideline on 
high blood pressure in adults redefined the diagnostic blood 
pressure threshold for hypertension from 140/90 mm Hg to 
130/80 mm Hg regardless of individuals’ cardiovascular risk, 
lowered blood pressure targets to under 130/80 mm Hg and 
recommended earlier initiation of pharmacotherapy for low-
risk individuals at a threshold of 140/90 mm Hg,7 although 
careful consideration of the potential benefits and harms of 
intensive blood pressure treatment is encouraged.7,15 

These changes were expected to affect the prevalence and 
incidence of hypertension (i.e., reclassification of previously 
nonhypertensive individuals) and the use of antihypertensive 
drugs (i.e., initiation of pharmacotherapy in treatment-naïve 
individuals or intensification of treatment to reach blood 
pressure targets).16,17 Moreover, the different drug classes 
present varying efficacy and tolerability profiles that may 
affect their use. The occurrence of adverse effects is one of 
several key factors that influence treatment adherence,18 and 
poorly controlled blood pressure is a common reason for 
switching antihypertensive medications.19 Therefore, we 
sought to examine real-world patterns of persistence in rela-
tion to the initial drug therapies.

In this 2-part study, we aimed to describe trends in anti
hypertensive drug utilization in British Columbia over a 
16-year period from 2004 to 2019, and compare patterns of 
discontinuation and switch or add-on therapy in incident 
users of antihypertensive drugs.

Methods

This longitudinal study was conducted in the province of BC. 
Residents are eligible for public coverage for medically neces-
sary services under the province’s Medical Services Plan 
(MSP). Residents enrolled in the MSP are also eligible for the 
BC PharmaCare program, which covers the costs of eligible 
prescription drugs, medical supplies and pharmacy services.

Data sources
We used anonymized, individual-level and linkable adminis-
trative health databases of the BC Ministry of Health (listed in 
Appendix 1, Table S1, available at www.cmajopen.ca/
content/11/4/E662/suppl/DC1). We obtained information on 
drug dispensings from the PharmaNet database, which con-
tains records of prescriptions filled at community pharmacies. 
Information on diagnoses and medically necessary fee-for-
service physician services were obtained from the MSP Pay-
ment Information database. We used the Discharge Abstract 
Database to obtain information on diagnoses and procedures 
during inpatient hospitalizations and the National Ambulatory 
Care Reporting System for information on ambulatory care 
visits. Information on demographic characteristics, health plan 
enrolment and death were obtained via the MSP Registration 
and Premium Billings database. 

The study was reported using the Reporting of Studies 
Conducted Using Observational Routinely-collected Health 
Data checklist.20

Trends in antihypertensive drug utilization
We identified a source population of BC residents aged 30 to 
75 years who were enrolled in the provincial health plan 
between Jan. 1, 2004, and Dec. 31, 2019. We excluded bene
ficiaries of the First Nations Health Authority and federal 
programs for whom we had no access to drug data. Individuals 
younger than 30 years and older than 75 years were excluded 
as young- and late-onset hypertension are associated with sec-
ondary hypertension due to conditions such as renovascular 
disease and hyperaldosteronism.6,21 

From the source population, we identified prevalent and 
incident users of the following antihypertensive drug classes: 
thiazides, ACE inhibitors, ARBs, CCBs and β-blockers. We 
defined “prevalent use” as a dispensing of at least 1 antihyper-
tensive drug during the year (including incident users), and 
“incident use” as a dispensing of an antihypertensive drug with 
no record of any antihypertensive drug (listed in Appendix 1, 
Table S2) dispensed in the previous 5 years (Jan. 1, 1999, or 
later). Prevalence was expressed as a percentage, computed as 
the number of prevalent users divided by the total number of 
individuals in the source population during the calendar year. 
Incidence was expressed as a rate per 1000 person-years, com-
puted as the number of incident users divided by the total 
person-years of health plan enrolment for the source popula-
tion during the calendar year. Utilization trends of antihyper-
tensives between 2004 and 2014 served as historical reference 
for trends observed following the meta-analyses of intensive 
blood pressure–lowering trials and SPRINT published in 2015, 
and the subsequent updates to clinical practice guidelines from 
Hypertension Canada (2016) and the ACC/AHA (2017).

Discontinuation, switch or add-on therapy

Incident user cohort
From the source population, we constructed an incident user 
cohort of individuals who initiated antihypertensive treat-
ment on thiazide monotherapy, ACE inhibitor monotherapy, 
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ARB monotherapy, combination thiazide with ACE inhib
itor or ARB, or CCB between Jan. 1, 2004, and Dec. 31, 
2014. Incident users were not required to have a record of a 
hypertension diagnosis to be eligible for inclusion. Cohort 
entry occurred 91 days after initial dispensing (explained 
below), and the cohort members were followed until 
Dec. 31, 2019. Individuals were excluded from the cohort 
if they were not continuously enrolled in the provincial 
health plan during the previous 2 years, had missing infor-
mation on age or sex, were younger than 30 years or older 
than 75 years, died before cohort entry, received both an ACE 
inhibitor and ARB at initial dispensing, or were diagnosed 
with cancer (anticancer therapy is associated with the develop
ment of hypertension22), renal failure, secondary hyper
tension or other conditions indicated for the antihyperten-
sive drug classes (Appendix 1, Table S3) at any time before 
cohort entry. Individuals were also excluded if they discon-
tinued antihypertensive therapy between initial dispensing 
and cohort entry.

Endpoints
Two primary endpoints were assessed: discontinuation of any 
antihypertensive therapy, and switch to or add-on of a differ-
ent antihypertensive drug class. Discontinuation was assigned 
using the refill-sequence model,23 in which the first 
medication-free gap of 90 days (1.5 times the median 60-day 
supply of antihypertensive drug prescription observed in BC) 
for any antihypertensive drug was considered discontinuation 
of antihypertensive therapy (Appendix 1, Table S2). Discon-
tinuers were not followed beyond the first instance of a 
90-day gap in therapy, and the discontinuation date was 
defined as the expected date of the next prescription refill. We 
did not adjust for stockpiling. Individuals who switched 
between antihypertensive drug classes before a 90-day gap 
were considered persistent users. Death before discontinua-
tion was considered a competing event. Individuals who were 
event-free were censored at the end of health plan enrolment 
or end of follow-up (Dec. 31, 2019).

Switch or add-on therapy was defined as the first dispens-
ing of an antihypertensive drug class different from the initial 
drug class (Appendix 1, Table S2). Switching from a combina-
tion product to its different components was not considered a 
switch or add-on. Discontinuation of any antihypertensive 
therapy or death before a switch or add-on were considered 
competing events. Individuals who were event-free were cen-
sored at the end of health plan enrolment or end of follow-up 
(Dec. 31, 2019).

Statistical analysis
We used Fine–Gray competing risk regression models to esti-
mate the effect of initial drug class on the subdistribution haz-
ard (“subhazard”) of discontinuation and the subhazard of a 
switch or add-on, accounting for competing events as defined 
above, where the null hypothesis was no difference between 
the initial drug class groups. The subhazard is the instanta-
neous rate of occurrence of an event in those who remain free 
of that particular event at a given interval.24 Individuals who 

switched or added on between initial dispensing and cohort 
entry were excluded from the switch or add-on analysis. Sub-
hazard ratios were reported using thiazide monotherapy as the 
reference group. Multivariable models included covariate 
adjustment for age, sex, income level, provincial drug cover-
age and geographical area (defined in Appendix 1, Table S4). 
Sensitivity analysis was conducted using 60-day and 120-day 
gaps to define discontinuation. Competing risk regression 
analyses were performed using SAS Enterprise Guide version 
7.15, and cumulative incidence functions were computed and 
plotted using the cmprsk and ggplot2 packages in R software 
version 3.6.1.

Ethics approval
The study protocol was approved by the University of British 
Columbia Clinical Research Ethics Board (H19-03491).

Results

Trends in antihypertensive drug utilization
Among BC residents aged 30 to 75 years (range 2 376 282 
individuals [in 2004] to 3 014 273 individuals [in 2019]), the 
overall prevalence of the 5 antihypertensive drug classes 
increased from 17.2% in 2004 to 20.6% in 2019 (Figure 1). 
Prevalent use of ACE inhibitors, the most prescribed drug 
class throughout the study period, increased from 8.7% in 
2004 to 10.1% in 2019. Prevalent use of ARBs and CCBs 
also increased, for ARBs from 3.1% in 2004 to 5.7% in 2019, 
and for CCBs from 2.9% in 2004 to 6.0% in 2019. Prevalent 
use of thiazides increased in the first 5 years from 8.5% in 
2004 to 9.5% in 2009, and subsequently decreased to 6.9% 
in 2019 (Figure 2).

The overall incidence rate for the 5 drug classes decreased 
in the first 10 years from 23.7 per 1000 person-years in 2004 
to 18.3 per 1000 person-years in 2014, and subsequently 
increased to 22.6 per 1000 person-years in 2019 (Figure 1). 
Incident use of thiazides decreased from 8.9 per 1000 person-
years in 2004 to 3.2 per 1000 person-years in 2019 (Figure 3). 
After 2014, incidence rates increased for ACE inhibitors from 
7.7 per 1000 person-years in 2014 to 9.7 per 1000 person-
years in 2019, and for ARBs from 1.2 per 1000 person-years 
in 2014 to 1.7 per 1000 person-years in 2019. Incidence rates 
increased for CCBs from 1.2 per 1000 person-years in 2004 to 
4.0 per 1000 person-years in 2019, and for β-blockers from 
6.5 per 1000 person-years in 2004 to 7.1 per 1000 person-
years in 2019. In an ad hoc analysis of incident users on thia-
zides, the percentage initiating hydrochlorothiazide decreased 
from 88.4% in 2014 to 74.6% in 2019 in favour of chlorthali-
done (increased from 2.4% in 2014 to 14.4% in 2019) and 
indapamide (increased from 9.2% in 2014 to 10.9% in 2019) 
(Appendix 1, Figure S1).

Discontinuation, switch or add-on therapy
After predefined inclusion and exclusion criteria were applied 
to the source population, the incident user cohort consisted of 
232 781 individuals who initiated antihypertensive treatment 
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between 2004 and 2014 (Appendix 1, Table S5). Most inci-
dent users initiated ACE inhibitor monotherapy (n = 100 670 
[43.2%]) and thiazide monotherapy (n = 86 008 [36.9%]).

The median follow-up time for the discontinuation analy-
sis was 5.0 (interquartile range [IQR] 1.4–9.4) years. The 
overall 1-year, 2-year, 5-year and 10-year cumulative inci-
dence estimates of discontinuation were 0.18, 0.31, 0.48 and 

0.62. Adjusted subhazards of discontinuation were reduced for 
individuals who started with thiazide with ACE inhibitor or 
ARB (subhazard ratio 0.86, 95% confidence interval [CI] 
0.84–0.88) and individuals who started with ARB monother-
apy (subhazard ratio 0.84, 95% CI 0.81–0.87) compared with 
thiazide monotherapy (Table 1, Figure 4). Adjusted analysis 
revealed that initiation with ARB monotherapy reduced the 

17

18

19

20

21

P
re

va
le

nc
e,

 %

18

19

20

21

22

23

24

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

In
ci

de
nc

e 
pe

r 
10

00
 p

er
so

n
-y

ea
rs

Year

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Year

A

B

Figure 1: Prevalence and incidence of antihypertensive drug use among residents of British Columbia aged 30–75 years between 2004 and 
2019. Prevalence was computed as the number of prevalent users of thiazides, angiotensin-converting enzyme inhibitors, angiotensin II recep-
tor blockers, calcium channel blockers or β-blockers divided by the number of BC residents aged 30–75 years during the calendar year. Inci-
dence was computed as the number of incident users of the 5 antihypertensive drug classes per 1000 person-years of health plan enrolment 
among BC residents aged 30–75 years during the calendar year. Prevalent use was defined as at least 1 of the 5 antihypertensive drug classes 
dispensed during the year. Incident use was defined as 1 of the 5 antihypertensive drug classes dispensed in the absence of a record for any 
antihypertensive drug dispensed in the 5 years prior (drug list available in Appendix 1, Supplementary Table S2 [www.cmajopen.ca/content​
/11/4/E662/suppl/DC1]).
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Figure 2: Prevalence of antihypertensive drug use among residents of British Columbia aged 30–75 years between 2004 and 2019, by drug 
class. Prevalence was computed as the number of prevalent users of an antihypertensive drug class divided by the number of BC residents 
aged 30–75 years during the calendar year. Note: ACE = angiotensin-converting enzyme, ARB = angiotensin II receptor blocker, CCB = calcium 
channel blocker. 
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Figure 3: Incidence of antihypertensive drug use among residents of British Columbia aged 30–75 years between 2004 and 2019, by drug class. 
Incidence was computed as the number of incident users per 1000 person-years of health plan enrolment among BC residents aged 30–75 years 
during the calendar year. Incident use was defined as 1 of the 5 antihypertensive drug classes dispensed in the absence of a record for any anti-
hypertensive drug dispensed in the 5 years prior (drug list available in Appendix 1, Supplementary Table S2 [www.cmajopen.ca/content/11/4/
E662/suppl/DC1]). Note: ACE = angiotensin-converting enzyme, ARB = angiotensin II receptor blocker, CCB = calcium channel blocker.
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risk of discontinuation (subhazard ratio < 1) compared with 
initiation with thiazide monotherapy and ACE inhibitor 
monotherapy, whereas the unadjusted analysis showed the 
opposite (subhazard ratio > 1). Sensitivity analysis using alter-
nate 60-day and 120-day definitions for discontinuation did 
not largely affect the magnitude or direction of these associa-
tions (Appendix 1, Tables S7 and S8).

The incident user cohort for the switch or add-on analysis 
included 192 119 individuals (excluding 40 662 individuals 
who switched or added on before cohort entry), and the 

median follow-up time was 1.5 (IQR 0.5–4.5) years. The 
overall 1-year, 2-year, 5-year and 10-year cumulative inci-
dence estimates of a switch or add-on were 0.24, 0.32, 0.45 
and 0.53. Incident users on thiazide with ACE inhibitor or 
ARB had the lowest adjusted subhazard of switching or add-
ing on (subhazard ratio 0.70, 95% CI 0.68–0.72), followed by 
CCB (subhazard ratio 0.78, 95% CI 0.76–0.80), ACE inhib
itor monotherapy (subhazard ratio 0.84, 95% CI 0.83–0.85) 
and ARB monotherapy (subhazard ratio 0.94, 95% CI 0.90–
0.97) (Table 2, Figure 5).

Table 1: Discontinuation of any antihypertensive therapy in the incident user cohort

Initial drug class

No. (%)
Crude subdistribution 
hazard ratio (95% CI)

Adjusted subdistribution 
hazard ratio (95% CI)*Discontinued Died Censored

Thiazide monotherapy
n = 86 008

55 728 (64.8) 999 (1.2) 29 281 (34.0) Ref. Ref.

ACE inhibitor monotherapy
n = 100 670

61 838 (61.4) 1337 (1.3) 37 495 (37.2) 0.96 (0.95–0.97) 0.96 (0.95–0.97)

ARB monotherapy 
n = 11 449

7423 (64.8) 95 (0.8) 3931 (34.3) 1.07 (1.04–1.09) 0.84 (0.81–0.87)

Thiazide with ACE inhibitor or 
ARB
n = 18 909

11 525 (60.9) 243 (1.3) 7141 (37.8) 0.96 (0.94–0.98) 0.86 (0.84–0.88)

CCB
n = 15 745

10 085 (64.1) 198 (1.3) 5462 (34.7) 1.08 (1.06–1.10) 1.04 (1.02–1.07)

Note: ACE = angiotensin-converting enzyme, ARB = angiotensin II receptor blocker, CCB = calcium channel blocker, CI = confidence interval, Ref. = reference category.
*Adjusted for age, sex, income level, provincial drug coverage and geographical area.
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Figure 4: Cumulative incidence of discontinuation of any antihypertensive therapy by initial drug class. Discontinuation was assigned using the 
refill-sequence model, in which the first medication-free gap of 90 days for any antihypertensive drug was considered discontinuation of anti
hypertensive therapy (drug list available in Appendix 1, Supplementary Table S2 [www.cmajopen.ca/content/11/4/E662/suppl/DC1]). The dis-
continuation date was defined as the expected date of the next prescription refill. The cumulative incidence estimates accounted for death as a 
competing event. Individuals who were event-free were censored at the end of health plan enrolment or end of follow-up (Dec. 31, 2019). Note: 
ACE = angiotensin-converting enzyme, ARB = angiotensin II receptor blocker, CCB = calcium channel blocker. 
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Interpretation

Despite a marked increase in incident antihypertensive 
therapy from 2014 to 2019, initiation with thiazides con-
tinued to decrease while initiation with ACE inhibitors, 
ARBs, CCBs and β-blockers increased, potentially reflect-
ing a shift away from thiazides as a preferred first-line ther-
apy. Initiation with ARB monotherapy was associated with 
a lower risk of discontinuing antihypertensive therapy than 

initiation with thiazide monotherapy. Initiation with thia-
zide monotherapy presented the highest risk of switching 
to or adding on a different drug class, whereas initiation 
with a thiazide combination with ACE inhibitor or ARB 
presented the greatest reduced risk of switching or adding 
on compared with thiazide monotherapy. Although we are 
unable to determine reasons for discontinuation, switching 
or adding on in this study, we offer some possible explana-
tions below.

Table 2: Switch to or add-on of a different antihypertensive drug class in the incident user cohort*

Initial drug class

No. (%) Crude 
subdistribution 

hazard ratio 
(95% CI)

Adjusted 
subdistribution 

hazard ratio 
(95% CI)†

Switched or 
added on Discontinued Died Censored

Thiazide monotherapy 
n = 67 012

39 992 (59.7) 22 878 (34.1) 152 (0.2) 3990 (6.0) Ref. Ref.

ACE inhibitor monotherapy 
n = 85 159

44 254 (52.0) 31 115 (36.5) 321 (0.4) 9469 (11.1) 0.84 (0.83–0.85) 0.84 (0.83–0.85)

ARB monotherapy 
n = 10 212

4781 (46.8) 4210 (41.2) 28 (0.3) 1193 (11.7) 0.71 (0.69–0.73) 0.94 (0.90–0.97)

Thiazide with ACE 
inhibitor or ARB 
n = 16 859

7184 (42.6) 7115 (42.2) 68 (0.4) 2492 (14.8) 0.63 (0.61–0.64) 0.70 (0.68–0.72)

CCB 
n = 12 877

6338 (49.2) 4831 (37.5) 57 (0.4) 1651 (12.8) 0.76 (0.74–0.78) 0.78 (0.76–0.80)

Note: ACE = angiotensin-converting enzyme, ARB = angiotensin II receptor blocker, CCB = calcium channel blocker, CI = confidence interval, Ref. = reference category.
*Excluding incident users who switched or added on a different antihypertensive drug class between initial dispensing and cohort entry.
†Adjusted for age, sex, income level, provincial drug coverage and geographical area.

0

0.2

0.4

0.6

0.8

1.0

0 2 4 6 8 10 12 14 16

Time since cohort entry, yr

C
u

m
u

la
ti

ve
 in

ci
d

en
ce

0

0.2

0.4

0.6

0.8

1.0

0 2 4 6 8 10 12 14 16

Time since cohort entry, yr

C
u

m
u

la
ti

ve
 in

ci
d

en
ce

Initial drug class

Thiazide monotherapy

ACE inhibitor monotherapy

ARB monotherapy

Initial drug class

Thiazide monotherapy

Thiazide with ACE inhibitor or ARB

CCB

Figure 5: Cumulative incidence of a switch to or add-on of a different antihypertensive drug class by initial drug class. Switch or add-on therapy 
was defined as the first dispensing of an antihypertensive drug class different from the initial drug class (drug list available in Appendix 1, Sup-
plementary Table S2 [www.cmajopen.ca/content/11/4/E662/suppl/DC1]). Switching from a combination product to its different components was 
not considered a switch or add-on event. The cumulative incidence estimates accounted for discontinuation and death as competing events. 
Individuals who were event-free were censored at the end of health plan enrolment or end of follow-up (Dec. 31, 2019). Note: ACE = 
angiotensin-converting enzyme, ARB = angiotensin II receptor blocker, CCB = calcium channel blocker. 
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Our finding of a decrease in incident antihypertensive 
therapy between 2004 and 2014 was consistent with a previ-
ously reported decrease in the age-standardized incidence 
rate of hypertension by 6 per 1000 population from 1999 to 
2012 in BC.25 The increase in incident antihypertensive 
therapy from 2015 onwards corresponded in time with the 
publication of 2 meta-analyses of intensive blood pressure–
lowering trials12,13 and SPRINT14 and the subsequent 
updates to Hypertension Canada (2016) and ACC/AHA 
(2017) guidelines that recommended lower blood pressure 
thresholds and targets.7,15 Muntner and coauthors estimated 
that implementation of the revised ACC/AHA blood pres-
sure standards would increase initiation of pharmacological 
therapy by 1.9% and increase intensified treatment by 
14.4% in existing users.17 We observed a 2.3% greater 
annual increase in incident antihypertensive therapy 
between 2017 and 2018 compared with the annual increase 
of the previous year. The increase in the prevalence of non-
thiazide drug classes may be partially explained by the use of 
add-on therapy related to treatment intensification.

We observed a decrease in the prevalence and incidence of 
thiazide use consistent with previous studies.11,26,27 Contribut-
ing factors to the decrease may be related to concerns around 
potential adverse effects associated with thiazides (e.g., hypo-
kalemia),18,28 as well as evidence from the Avoiding Cardio
vascular Events through Combination Therapy in Patients 
Living with Systolic Hypertension (ACCOMPLISH; 2008) 
trial, which concluded that a combination of ACE inhibitor 
and CCB was superior in reducing adverse cardiovascular 
events in high-risk individuals compared with a combination 
of thiazide and ACE inhibitor.11,29 However, reasons for the 
continued decrease in thiazide use remains unclear. No new 
trials on first-line drugs for hypertension were identified in 
the 2017 update to the original Cochrane systematic review,9 
and studies of real-world evidence on the comparative effec-
tiveness and safety of antihypertensives provide further sup-
port for thiazides as a preferred first-line option.30,31 From 
2017 to 2018, 3 Danish observational studies reported an 
association between hydrochlorothiazide and skin cancer.32–34 
Following these studies, hydrochlorothiazide use decreased by 
44% in Denmark.35 We did not observe a similar impact in 
BC; however, we found that the proportion of incident thia-
zide use with hydrochlorothiazide (thiazide-type diuretics) has 
decreased since 2014, as preference for chlorthalidone and 
indapamide (thiazide-like diuretics) has increased perhaps 
owing to their cardioprotective effects.6,36–38

Initiation with thiazide monotherapy was associated with 
a higher subhazard of treatment discontinuation than initia-
tion with ACE inhibitor monotherapy, ARB monotherapy, 
and thiazide with ACE inhibitor or ARB, though the abso-
lute differences were small. Previous observational studies 
showed similar directions of effect, where risk differences 
ranged from +8.9% to +32.8%, and they consistently 
reported a higher risk of discontinuation for thiazides than 
for other drug classes, and among the lowest risks for 
ARBs.30,39–42 Common reasons for nonadherence to anti
hypertensive treatment are the occurrence and progression 

of adverse effects, higher copayment and poor patient–
provider relationship.18 In our study, incident users receiving 
ARB monotherapy had the highest subhazard of discontinu-
ation before covariate adjustment, which was unexpected 
given good tolerability profiles of ARBs.43 Provincial drug 
coverage for ARBs differed from coverage for other drug 
classes; fewer than 9% of individuals receiving ARB mono-
therapy had coverage for their initial prescription, compared 
with 98% of individuals receiving other drug classes. Given 
that higher drug payment is associated with antihypertensive 
drug nonadherence18,44 and may be associated with choice of 
initial drug, drug coverage was included as a covariate for 
adjustment. After adjustment for all covariates, we observed 
a reversal of effect that showed superior persistence for ARB 
monotherapy, consistent with previous studies. Ad hoc 
analysis stratified by drug coverage showed the presence of 
Simpson’s paradox (Appendix 1, Table S6).45

Consistent with our study, 2 previous cohort studies found 
that initiation with thiazide monotherapy was associated with 
a higher risk of switching to or adding on a different anti
hypertensive drug class than initiation with an ACE inhibitor, 
ARB or CCB.30,39 These findings may suggest that less than 
optimal blood pressure control might be achieved with thia-
zide alone, thus leading to a switch to a different monotherapy 
or treatment intensification by the addition of 1 or more 
drugs to reach blood pressure targets.46 Additionally, we 
found that incident users receiving a thiazide combination 
with ACE inhibitor or ARB presented a significantly reduced 
risk of switching or adding on. Current guidelines recom-
mend the use of an initial 2-drug (preferably single-pill) com-
bination therapy for improved treatment efficacy, efficiency 
and tolerability compared with an initial monotherapy.6,7,47 A 
meta-analysis of 42 trials comparing the blood pressure–
lowering effect of combination therapy versus monotherapy 
found that combining 2 drugs was 5 times more effective than 
doubling the dose of 1 drug.47 Initiation with combination 
therapy was also associated with a 34% risk reduction in cardio
vascular events or deaths compared with initiation with 
monotherapy and a subsequent switch to combination ther-
apy, owing to more rapid and effective blood pressure con-
trol.48 Combination therapy may also provide more favourable 
tolerability profiles, as their individual components can be 
given at lower doses.46,47

Factors influencing treatment decisions are complex. It is 
unclear why thiazide use has declined given its effectiveness 
and potential for cost savings.9,49 Future research areas include 
evaluating the impact of prescriber and patient preferences on 
antihypertensive utilization, as well as real-world prescribing 
trends among individuals with specific clinical and demo-
graphic characteristics.50 Future studies on treatment persis-
tence might also consider accounting for differences in drug 
coverage policies across drug exposures in their jurisdiction.

Limitations
A limitation of administrative data is the absence of clinical and 
laboratory data. Comorbid conditions, blood pressure measure-
ments and biochemical markers are important considerations in 
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individualized treatment decisions.51 Without these data, we 
could not evaluate utilization trends according to clinical char-
acteristics, examine adherence to guidelines, ascertain reasons 
for discontinuation, switching or adding on, or confirm whether 
a switch or add-on was related to treatment intensification. For 
instance, common reasons for switching include insufficient 
blood pressure control, aiming for a better 24-hour effect and 
increase in cardiovascular risk.19 We did not follow individuals 
beyond the first occurrence of a discontinuation and switch or 
add-on and therefore did not examine whether discontinuers 
subsequently restarted treatment (either on the same or differ-
ent drug class) or whether individuals experienced multiple 
switches or add-ons (which might indicate resistant hyperten-
sion). We did not adjust for seasonal variations in blood pres-
sure, which may influence antihypertensive drug use and disease 
management.52 Additionally, individuals were not required to 
have a hypertension diagnosis; thus, patients with other condi-
tions (e.g., β-blocker users with heart failure) may have been 
included, despite the exclusion criteria, and may have resulted in 
an overestimation of certain antihypertensive drug classes.

Conclusion
Incidence rates of antihypertensive therapy increased 
markedly after 2014, after the publication of new studies 
and updated guidelines recommending lower blood pres-
sure thresholds and targets. Despite this, initiation with 
thiazides continued to decrease while initiation with other 
first-line antihypertensive drugs increased, potentially 
reflecting a shift away from thiazides as a preferred first-
line therapy. Incident users receiving ARB monotherapy 
were least likely to discontinue antihypertensive treatment, 
and incident users receiving thiazide monotherapy were 
more likely to switch or add on than users of other initial 
monotherapy or combination. Further research is needed 
on the factors influencing treatment decisions to under-
stand the differences in trends and patterns of antihyper-
tensive drug use.
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