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ABSTRACT

Background: The real-world impact of recent changes to clinical guidelines for hypertension is 

currently unknown. We aimed to evaluate trends in antihypertensive drug utilization over a 16-

year period (2004–2019) in British Columbia.

Methods: Our two-part study included: 1) a longitudinal study that described the annual 

prevalence and incidence rate of using five antihypertensive drug classes (thiazide, angiotensin-

converting enzyme inhibitor (ACEI), angiotensin II receptor blocker (ARB), calcium channel 

blocker, beta-blocker) in individuals aged 30 to 75 years (2004–2019); and 2) a cohort study 

comparing the risk of discontinuation, switch or add-on therapy between incident users of the 

above drug classes (2004–2014). We performed Cox regression analysis adjusted for age, sex, 

income level, and geographical area to estimate hazard ratios (HR).

Results: The incidence rate of using one of the five drug classes decreased by 22.9% from 2004 

to 2014, and increased by 23.8% from 2014 to 2019. The prevalence and incidence rate of 

thiazide use decreased by 18.4% and 64.0% respectively, from 2004 to 2019, while those for the 

other drug classes increased. Incident users on thiazide monotherapy were more likely to 

discontinue any antihypertensive treatment versus ACEI monotherapy (HR=0.96, 95% CI: 0.95–

0.97) and thiazide with ACEI/ARB (HR=0.96, 95% CI: 0.94–0.98), and were most likely to 

switch or add on.

Interpretation: Increasing incidence rates of antihypertensive therapy after 2014 followed the 

publication of new evidence and guidelines recommending lower blood pressure targets. The 

prevalence and incidence rate of thiazide use decreased compared with other drug classes.
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INTRODUCTION

Hypertension is a modifiable risk factor for cardiovascular disease and accounts for 10% of the 

Canadian healthcare budget.[1] In Canada, five antihypertensive drug classes are recommended 

for the initial treatment of individuals with hypertension and without other compelling 

indications.[2] Of the five drug classes, thiazide-type and thiazide-like diuretics (“thiazides”) 

have shown to significantly reduce mortality and cardiovascular events, including stroke and 

coronary heart disease in individuals with moderate to severe primary hypertension.[3] Thiazides 

are also the least expensive treatment option in Canada, presenting an opportunity for cost-

savings. Other recommended drug classes include angiotensin-converting enzyme inhibitors 

(ACEIs), angiotensin II receptor blocker (ARBs), dihydropyridine calcium channel blockers 

(CCBs), and beta-blockers[2,4,5], although the evidence supporting them are not as robust.

Clinical guidelines for the treatment and management of hypertension continue to be updated 

with new evidence. In 2017, the American College of Cardiology and American Heart 

Association (ACC/AHA) redefined the diagnostic blood pressure (BP) threshold for 

hypertension from 140/90 to 130/80 mmHg regardless of individuals’ cardiovascular risk, 

lowered BP targets to under 130/80 mmHg, and recommended earlier initiation of 

pharmacotherapy for low-risk individuals at a threshold of 140/90 mmHg.[4] Hypertension 

Canada, for selected high-risk individuals, lowered the diagnostic threshold from 140/90 to 

130/80 mmHg and recommended a systolic BP target under 120 mmHg.[6] The BP targets were 

informed by the results of two meta-analyses,[7,8] and the Systolic Blood Pressure Intervention 

Trial (SPRINT), which concluded that intensive lowering of systolic BP targets to <120 mmHg 

compared with <140 mmHg resulted in a 25% reduction in major cardiovascular events and all-
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cause mortality among high-risk individuals without diabetes.[9] These changes were expected 

to impact the prevalence and incidence of hypertension (i.e., reclassification of previously non-

hypertensive individuals) and the use of antihypertensive drugs (i.e., initiation of 

pharmacotherapy in treatment-naïve individuals or intensification of treatment to reach BP 

targets).[10,11] Trends in antihypertensive drug use have been responsive to the findings of 

clinical trials and changes in guidelines up to 2014;[12] however, the impact of more recent 

guidelines on antihypertensive prescribing is not currently known. In this study, we aimed to 1) 

evaluate trends in antihypertensive drug utilization in British Columbia (BC) over a 16-year 

period (2004–2019), and 2) compare the risk of discontinuation and switch or add-on therapy in 

incident users of antihypertensive drugs.

METHODS

Setting and data source

The study was conducted in the province of BC and comprised two parts: 1) utilization trends 

and 2) time to discontinuation, switch or add-on therapy analyses. We used anonymized, linkable 

administrative health databases of the BC Ministry of Health. The data consisted of prescription 

drug dispensing records at community pharmacies, registry data on enrollment in the provincial 

health plan and demographics, outpatient physician services, and inpatient hospitalizations.

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 January 1, 2004 and December 31, 2019. We excluded 
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beneficiaries of the First Nations Health Authority and federal programs for whom we had no 

access to drug data. From the source population, we identified prevalent and incident users of the 

following antihypertensive drug classes: thiazides, ACEIs, ARBs, CCBs, and beta-blockers. We 

defined “prevalent use” as a dispensing of at least one antihypertensive drug during the year, and 

“incident use” as a dispensing of an antihypertensive drug with no record of any antihypertensive 

drug (listed in Table S1) dispensed in the previous five years. 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, computed as the number of incident users divided by the total person-

years of health plan enrollment for the source population during the calendar year.

Discontinuation, switch or add-on therapy

Incident user cohort

From the source population, we constructed an incident user cohort comprising individuals who 

initiated antihypertensive treatment on thiazide monotherapy, ACEI monotherapy, ARB 

monotherapy, combination thiazide with ACEI/ARB, or CCB between January 1, 2004 and 

December 31, 2014. Cohort entry was defined as 91 days after initial dispensing. Individuals 

were excluded from the cohort if they were not continuously enrolled in the provincial health 

plan during the previous two years, had missing information on age or sex, were under 30 or 

over 75 years of age, died before cohort entry, received both ACEI and ARB at initial 

dispensing, or were diagnosed with cancer, renal failure, secondary hypertension, or other 

conditions indicated for the antihypertensive drug classes (Table S2) anytime before cohort 
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entry. Individuals were also excluded if they experienced the outcome between initial dispensing 

and cohort entry.

Outcomes

Two outcomes were assessed: 1) discontinuation of any antihypertensive therapy and 2) switch 

to or add-on of a different antihypertensive drug class. Discontinuation was assigned using the 

refill-sequence model,[13] where the first medication-free gap of 90 days for any 

antihypertensive drug (Table S1) was considered discontinuation of antihypertensive therapy. 

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. 

Switch or add-on therapy was defined as the first dispensing of an antihypertensive drug class 

different from the initial drug class (Table S1). Switching from a combination product to its 

different components was not considered a switch or add-on. Individuals were censored in the 

case of death, end of MSP enrollment, or end of follow-up. Additionally, for the switch or add-

on analysis, individuals were censored if they discontinued antihypertensive therapy.

Statistical analysis

Cox regression models compared the hazards of discontinuation, switch or add-on between 

incident users on thiazide monotherapy and incident users on ACEI monotherapy, ARB 

monotherapy, thiazide with ACEI/ARB, and CCB. The multivariate models included adjustment 

for age, sex, income level, and geographical area (defined in Table S3). Analyses were 

performed using R software version 3.6.1. The study protocol was approved by the University of 

British Columbia Clinical Research Ethics Board (H19-03491).
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RESULTS

Trends in antihypertensive drug utilization 

The overall prevalence of the five antihypertensive drug classes increased by 19.3% (from 17.2% 

[in 2004] to 20.6% [in 2019]) (Figure 1). Prevalent use of ACEIs, the most prescribed drug class 

throughout the study period, increased by 15.5% (from 8.7% [in 2004] to 10.1% [in 2019]). 

Prevalent use of ARBs and CCBs also increased, by 84.9% for ARBs (from 3.1% [in 2004] to 

5.7% [in 2019]) and by 109.4% for CCBs (from 2.9% [in 2004] to 6.0% [in 2019]). Prevalent use 

of thiazides increased by 12.8% in the first five years (from 8.5% [in 2004] to 9.5% [in 2009]) 

and subsequently decreased by 27.6% (from 9.5% [in 2009] to 6.9% [in 2019]) (Figure 2).

The overall incidence rate for the five drug classes decreased by 22.9% in the first ten years 

(from 23.7 [in 2004] to 18.3 [in 2014] per 1000 person-years) and subsequently increased by 

23.8% (from 18.3 [in 2014] to 22.6 [in 2019] per 1000 person-years) (Figure 1). Incident use of 

thiazides decreased by 64.0% (from 8.9 [in 2004] to 3.2 [in 2019] per 1000 person-years) 

(Figure 2). After 2014, incidence rates increased for ACEIs by 25.8% (from 7.7 [in 2014] to 9.7 

[in 2019] per 1000 person-years) and for ARBs by 29.8% (from 1.2 [in 2014] to 1.7 [in 2019] 

per 1000 person-years). Incidence rates increased for CCBs by 225.9% (from 1.2 [in 2004] to 4.0 

[in 2019] per 1000 person-years) and for beta-blockers by 8.5% (from 6.5 [in 2004] to 7.1 [in 

2019] per 1000 person-years). In an ad hoc analysis of incident users on thiazides, the percentage 

initiating hydrochlorothiazide decreased by 15.6% (from 88.4% [in 2014] to 74.6% [in 2019]) in 

favour of chlorthalidone (from 2.4% [in 2014] to 14.4% [in 2019]) and indapamide (from 9.2% 

[in 2014] to 10.9% [in 2019]) (Figure S1).

Page 8 of 43

For Peer Review Only

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Confidential

8

Discontinuation, switch or add-on therapy

After pre-defined inclusion and exclusion criteria were applied to the source population, the 

incident user cohort consisted of 232,781 individuals who initiated antihypertensive treatment 

between 2004 and 2014 (Table S4). Most incident users initiated ACEI monotherapy 

(n=100,670 [43.2%]) and thiazide monotherapy (n=86,008 [36.9%]).

Among all incident users of antihypertensive drugs, the overall median time to discontinuation 

was 5.58 years (95% CI: 5.53–5.64). Incident users on ARB monotherapy had the shortest 

median time to discontinuation (4.72 years, 95% CI: 4.48–4.95), and incident users on 

combination thiazide with ACEI/ARB had the longest (5.93 years, 95% CI: 5.70–6.13) (Table 1, 

Figure 3). In an adjusted Cox regression model, we estimated a 3.8% lower risk of 

discontinuation for thiazide with ACEI/ARB and 4.1% lower risk for ACEI monotherapy 

compared with thiazide monotherapy. In an ad hoc analysis stratified by PharmaCare drug 

coverage (covered/not covered), we found better persistence with ARB monotherapy compared 

with thiazides in each stratum (Table S5).

The overall median time to switch or add-on was 4.76 years (95% CI: 4.72–4.82). Incident users 

on thiazide monotherapy had the shortest median time to switch (4.26 years, 95% CI: 4.18–4.35) 

and those on thiazide with ACEI/ARB had the longest (6.95, 95% CI: 6.75–7.21) (Table 2, 

Figure 4). Incident users on thiazide monotherapy had the highest risk of switching or adding 

on.
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INTERPRETATION

This study described trends in antihypertensive drug utilization in BC over a 16-year period 

(2004–2019). We observed a historical decrease in incident antihypertensive therapy from 2004 

to 2014, followed by an increase from 2014 to 2019. Despite this recent increasing trend, 

initiation on thiazides continued to decrease, while initiation on ACEIs, ARBs, CCBs, and beta-

blockers increased. Although the prevalence of antihypertensive therapy increased by 20.6% 

from 2004 to 2019, prevalent thiazide use increased by 12.8% from 2004 to 2009 and 

subsequently decreased by 27.6% from 2009 to 2019. Incident users on thiazide monotherapy 

had a higher risk of discontinuing any antihypertensive therapy compared with those on ACEI 

monotherapy and thiazide with ACEI/ARB, as well as a higher risk of switching to or adding on 

a different antihypertensive drug class compared with those in the other initial drug class groups.

Our finding of a decrease in incident antihypertensive therapy between 2004 and 2014 was 

consistent with a previously reported decrease in the hypertension age-standardized incidence 

rate of 6 per 1000 population from 1999 to 2012 in BC.[14] The increase in incident 

antihypertensive therapy from 2015 onwards corresponded in time with the publication of 

SPRINT (2015) and updated Hypertension Canada (2016) and ACC/AHA (2017) guidelines that 

lowered recommended BP thresholds and targets.[4,6] Muntner and co-authors estimated that 

implementation of the revised ACC/AHA BP standards would increase initiation of 

pharmacological therapy by 1.9% and increase intensified treatment by 14.4% in existing 

users.[11] We observed a 2.3% greater annual increase in incident antihypertensive therapy 

between 2017 and 2018 versus the annual increase of the previous year. Increases in prevalence 
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for non-thiazide drug classes may be partially explained by add-on therapy related to treatment 

intensification.

We observed a decrease in the prevalence and incidence of thiazide use consistent with previous 

studies.[12,15,16] Contributing factors to the decrease may be related to concerns around 

potential adverse effects associated with thiazides,[17] as well as evidence from the 

ACCOMPLISH (2008) trial which concluded that an ACEI/CCB combination was superior in 

reducing adverse cardiovascular events in high-risk individuals compared with a thiazide/ACEI 

combination.[12,18] 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,[3] and studies of real-world evidence on the 

comparative effectiveness and safety of antihypertensives provide further support for thiazides as 

a preferred first-line option.[19,20] From 2017 to 2018, three Danish observational studies 

reported an association between hydrochlorothiazide and skin cancer.[21–23] Following these 

studies, hydrochlorothiazide use decreased by 44% in Denmark.[24] We did not observe a 

similar impact in BC; however, we found that the proportion of incident thiazide use on 

hydrochlorothiazide (thiazide-type diuretics) has decreased since 2014, as preference for 

chlorthalidone and indapamide (thiazide-like diuretics) has increased due to their 

cardioprotective effects.[2,25–27] 

Initiation on thiazide monotherapy was associated with a higher risk of treatment discontinuation 

compared with initiation on ACEI monotherapy and thiazide with ACEI/ARB. Previous studies 

showed similar patterns,[19,28,29] and risk differences ranged from +8.9% to +32.8%. 

Individuals who perceive side effects from their initial medication are more likely to 

discontinue;[30] thus side effects of thiazides may be a potential factor in discontinuation 
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patterns. In our study, incident users on ARB monotherapy had the shortest median time to 

discontinuation, which was unexpected given good tolerability profiles of ARBs.[31] Provincial 

drug coverage for ARBs differed from other drug classes; less than 9% of individuals on ARB 

monotherapy had coverage for their initial prescription compared with 98% of individuals on 

other drug classes. Higher drug payment is associated with antihypertensive drug non-

adherence;[30,32] thus drug coverage was considered an intermediate variable in the exposure-

discontinuation pathway and not included as a covariate for adjustment. Simpson’s paradox was 

observed in ad hoc stratified analysis (i.e., reversal of effect),[33] where we found superior 

persistence for ARB monotherapy. We found that incident users on thiazide monotherapy were 

more likely to switch to or add on a different antihypertensive drug class compared with incident 

users on other drug classes, which was consistent with other studies.[19,28] We also found they 

were earlier to switch or add on than to discontinue. These findings may indicate less optimal BP 

control with thiazides monotherapy, thus leading to treatment intensification to reach BP targets.

Factors influencing treatment decisions are complex. It is unclear why thiazide use has declined 

given their effectiveness and potential for cost-savings.[3,34] 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 demographic 

characteristics.[35] Future studies on treatment persistence might also consider accounting for 

differences in drug coverage policies across drug exposures in their jurisdiction.

A limitation of administrative data is the absence of clinical and laboratory data. Comorbid 

conditions, BP measurements, and biochemical markers are important considerations in 

individualized treatment.[36] Without these data, we could not evaluate utilization trends 

according to clinical characteristics, examine adherence to guidelines, or ascertain reasons for 
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discontinuation, switching or adding. Additionally, individuals were not required to have a 

hypertension diagnosis; thus, patients with other conditions (e.g., beta-blocker users with heart 

failure) were included and may have resulted in an overestimation of utilization rates.

Incidence rates of antihypertensive therapy increased after 2014, following the publication of 

new evidence and updated guidelines recommending lower BP thresholds and targets. Initiation 

on thiazides decreased from 2004 to 2019 and prevalent thiazide use decreased from 2009 to 

2019, while the use of other first-line antihypertensive drugs increased. Incident users on thiazide 

monotherapy were more likely to discontinue antihypertensive treatment compared with those on 

ACEI monotherapy and thiazide with ACEI/ARB, and more likely to switch to or add on. 

Further research on factors influencing treatment decisions, and utilization trends according to 

clinical characteristics could provide insight into prescribing patterns.
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TABLES

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

Initial Drug Class Discontinued 
n (%)

Censored 
n (%)

Median
(years)

Crude HR
(95% CI)

Adjusted HR
(95% CI)*

Thiazide 
Monotherapy 
n = 86,008 55,728 (64.8)

30,280 
(35.2)

5.42 (5.33-
5.51) Reference Reference

ACEI Monotherapy 
n = 100,670 61,838 (61.4)

38,832 
(38.6)

5.89 (5.81-
5.97)

0.96 (0.95-
0.97)

0.96 (0.95-
0.97)

ARB Monotherapy 
n =11,449 7423 (64.8) 4026 (35.2)

4.72 (4.48-
4.95)

1.07 (1.04-
1.09)

1.06 (1.03-
1.08)

Thiazide with 
ACEI/ARB
n = 18,909 11,525 (60.9) 7384 (39.1)

5.93 (5.70-
6.13)

0.96 (0.94-
0.98)

0.96 (0.94-
0.98)

CCB
n = 15,745 10,085 (64.1) 5660 (36.0)

4.87 (4.71-
5.05)

1.08 (1.06-
1.11)

1.06 (1.04-
1.09)

HR Hazard ratio; CI confidence interval; ACEI angiotensin-converting enzyme inhibitor; ARB 

angiotensin II receptor blocker; CCB calcium channel blocker.

* Adjusted for age, sex, income level, geographical area.
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Table 2. Switch to or add-on of a different antihypertensive drug class in the incident user 

cohort.

Initial Drug Class
Switched or 

Added
n (%)

Censored 
n (%)

Median
(years)

Crude HR
(95% CI)

Adjusted HR
(95% CI)*

Thiazide 
Monotherapy 
n =75,214 39,992 (53.2)

35,222 
(46.8)

4.26 (4.18-
4.35) Reference Reference

ACEI Monotherapy
n = 89,500 44,254 (49.4)

45,246 
(50.6)

4.53 (4.45-
4.62)

0.98 (0.96-
0.99)

0.93 (0.92-
0.95)

ARB Monotherapy
n = 10,763 4781 (44.4) 5982 (55.6)

5.48 (5.21-
5.67)

0.84 (0.82-
0.87)

0.82 (0.80-
0.85)

Thiazide with 
ACEI/ARB
n = 17,469 7184 (41.1)

10,285 
(58.9)

6.95 (6.75-
7.21)

0.74 (0.72-
0.76)

0.71 (0.69-
0.73)

CCB
n = 14,925 6338 (42.5) 8587 (57.5)

6.59 (6.32-
6.92)

0.75 (0.73-
0.77)

0.74 (0.72-
0.76)

HR Hazard ratio; CI confidence interval; ACEI angiotensin-converting enzyme inhibitor; ARB 

angiotensin II receptor blocker; CCB calcium channel blocker.

* Adjusted for age, sex, income level, geographical area.
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FIGURES

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 receptor 

blockers, calcium channel blockers, or beta-blockers divided by the number of British Columbia 

residents aged 30–75 years during the calendar year. Incidence was computed as the number of 

incident users of the five antihypertensive drug classes per 1000 person-years of health plan 

enrollment among British Columbia residents aged 30–75 years during the calendar year. 

Prevalent use was defined as at least one of the five antihypertensive drug classes dispensed 

during the year. Incident use was defined as one of the five antihypertensive drug classes 

dispensed in the absence of a record for any antihypertensive drug dispensed in the five years 

prior (drug list available in Supplementary Table S1).
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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 British 

Columbia residents aged 30–75 years during the calendar year. ACEI Angiotensin-converting 

enzyme inhibitor; 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 enrollment among British Columbia residents 

aged 30–75 years during the calendar year. Incident use was defined as one of the five 

antihypertensive drug classes dispensed in the absence of a record for any antihypertensive drug 

dispensed in the five years prior (drug list available in Supplementary Table S1). ACEI 

Angiotensin-converting enzyme inhibitor; ARB angiotensin II receptor blocker; CCB calcium 

channel blocker. 
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Figure 4. Time to discontinuation of any antihypertensive therapy by initial drug class. 

Discontinuation was assigned using the refill-sequence model, where the first medication-free 

gap of 90 days for any antihypertensive drug was considered discontinuation of antihypertensive 

therapy (drug list available in Supplementary Table S1). The discontinuation date was defined as 

the expected date of the next prescription refill. Individuals were censored in the case of death, 

end of health plan enrollment, or end of follow-up. ACEI Angiotensin-converting enzyme 

inhibitor; ARB angiotensin II receptor blocker.

Page 20 of 43

For Peer Review Only

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Confidential

20

Figure 5. Time to 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 Supplementary Table S1). 

Switching from a combination product to its different components was not considered a switch 

or add-on event. Individuals were censored in the case of death, end of health plan enrollment, 

discontinuation of antihypertensive therapy, or end of follow-up. ACEI Angiotensin-converting 

enzyme inhibitor; ARB angiotensin II receptor blocker.
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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 receptor blockers, calcium channel 

blockers, or beta-blockers divided by the number of British Columbia residents aged 30–75 years during the 
calendar year. Incidence was computed as the number of incident users of the five antihypertensive drug 
classes per 1000 person-years of health plan enrollment among British Columbia residents aged 30–75 

years during the calendar year. Prevalent use was defined as at least one of the five antihypertensive drug 
classes dispensed during the year. Incident use was defined as one of the five antihypertensive drug classes 
dispensed in the absence of a record for any antihypertensive drug dispensed in the five years prior (drug 

list available in Supplementary Table S1). 
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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 British Columbia residents aged 30–75 years during 

the calendar year. ACEI Angiotensin-converting enzyme inhibitor; 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 enrollment among British Columbia residents aged 30–75 years during the 
calendar year. Incident use was defined as one of the five antihypertensive drug classes dispensed in the 
absence of a record for any antihypertensive drug dispensed in the five years prior (drug list available in 
Supplementary Table S1). ACEI Angiotensin-converting enzyme inhibitor; ARB angiotensin II receptor 

blocker; CCB calcium channel blocker. 
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Figure 4. Time to discontinuation of any antihypertensive therapy by initial drug class. 
Discontinuation was assigned using the refill-sequence model, where the first medication-free gap of 90 
days for any antihypertensive drug was considered discontinuation of antihypertensive therapy (drug list 
available in Supplementary Table S1). The discontinuation date was defined as the expected date of the 

next prescription refill. Individuals were censored in the case of death, end of health plan enrollment, or end 
of follow-up. ACEI Angiotensin-converting enzyme inhibitor; ARB angiotensin II receptor blocker. 
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Figure 5. Time to 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 Supplementary Table S1). Switching from a combination product to 

its different components was not considered a switch or add-on event. Individuals were censored in the case 
of death, end of health plan enrollment, discontinuation of antihypertensive therapy, or end of follow-up. 

ACEI Angiotensin-converting enzyme inhibitor; ARB angiotensin II receptor blocker. 
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Table 1. Discontinuation of any antihypertensive therapy in the incident user cohort.

Initial Drug Class Discontinued 
n (%)

Censored 
n (%)

Median
(years)

Crude HR
(95% CI)

Adjusted HR
(95% CI)*

Thiazide 
Monotherapy 
n = 86,008 55,728 (64.8)

30,280 
(35.2)

5.42 (5.33-
5.51) Reference Reference

ACEI Monotherapy 
n = 100,670 61,838 (61.4)

38,832 
(38.6)

5.89 (5.81-
5.97)

0.96 (0.95-
0.97)

0.96 (0.95-
0.97)

ARB Monotherapy 
n =11,449 7423 (64.8) 4026 (35.2)

4.72 (4.48-
4.95)

1.07 (1.04-
1.09)

1.06 (1.03-
1.08)

Thiazide with 
ACEI/ARB
n = 18,909 11,525 (60.9) 7384 (39.1)

5.93 (5.70-
6.13)

0.96 (0.94-
0.98)

0.96 (0.94-
0.98)

CCB
n = 15,745 10,085 (64.1) 5660 (36.0)

4.87 (4.71-
5.05)

1.08 (1.06-
1.11)

1.06 (1.04-
1.09)

HR Hazard ratio; CI confidence interval; ACEI angiotensin-converting enzyme inhibitor; ARB 

angiotensin II receptor blocker; CCB calcium channel blocker.

* Adjusted for age, sex, income level, geographical area.
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Table 2. Switch to or add-on of a different antihypertensive drug class in the incident user 

cohort.

Initial Drug Class
Switched or 

Added
n (%)

Censored 
n (%)

Median
(years)

Crude HR
(95% CI)

Adjusted HR
(95% CI)*

Thiazide 
Monotherapy 
n =75,214 39,992 (53.2)

35,222 
(46.8)

4.26 (4.18-
4.35) Reference Reference

ACEI Monotherapy
n = 89,500 44,254 (49.4)

45,246 
(50.6)

4.53 (4.45-
4.62)

0.98 (0.96-
0.99)

0.93 (0.92-
0.95)

ARB Monotherapy
n = 10,763 4781 (44.4) 5982 (55.6)

5.48 (5.21-
5.67)

0.84 (0.82-
0.87)

0.82 (0.80-
0.85)

Thiazide with 
ACEI/ARB
n = 17,469 7184 (41.1)

10,285 
(58.9)

6.95 (6.75-
7.21)

0.74 (0.72-
0.76)

0.71 (0.69-
0.73)

CCB
n = 14,925 6338 (42.5) 8587 (57.5)

6.59 (6.32-
6.92)

0.75 (0.73-
0.77)

0.74 (0.72-
0.76)

HR Hazard ratio; CI confidence interval; ACEI angiotensin-converting enzyme inhibitor; ARB 

angiotensin II receptor blocker; CCB calcium channel blocker.

* Adjusted for age, sex, income level, geographical area.
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Supplementary Tables

Table S1. List of antihypertensive medications dispensed in British Columbia.

Therapeutic Group ATC Code Generic Name

Thiazide diuretic C02LA01 reserpine/hydrochlorothiazide
 C02LA01 hydralazine/reserpin/hcthiazid
 C02LB01 methyldopa/hydrochlorothiazide
 C02LC01 clonidine hcl/chlorthalidone
 C03AA03 hydrochlorothiazide
 C03BA04 chlorthalidone
 C03BA08 metolazone
 C03BA11 indapamide
 C03EA01 spironolact/hydrochlorothiazid
 C03EA01 amiloride/hydrochlorothiazide
 C03EA01 triamterene/hydrochlorothiazid
 C07BA05 propranolol/hydrochlorothiazid
 C07BA06 timolol/hydrochlorothiazide
 C07CA03 pindolol/hydrochlorothiazide
 C07CB03 atenolol/chlorthalidone
 C09BA02 enalapril/hydrochlorothiazide
 C09BA03 lisinopril/hydrochlorothiazide
 C09BA04 perindopril arg/indapamide
 C09BA04 perindopril erbumin/indapamide
 C09BA05 ramipril/hydrochlorothiazide
 C09BA06 quinapril/hydrochlorothiazide
 C09BA08 cilazapril/hydrochlorothiazide
 C09DA01 losartan/hydrochlorothiazide
 C09DA02 eprosartan/hydrochlorothiazide
 C09DA03 valsartan/hydrochlorothiazide
 C09DA04 irbesartan/hydrochlorothiazide
 C09DA06 candesartan/hydrochlorothiazid
 C09DA07 telmisartan/hydrochlorothiazid
 C09DA08 olmesartan/hydrochlorothiazide
 C09DA09 azilsartan med/chlorthalidone
 C09XA52 aliskiren/hydrochlorothiazide
Angiotensin-
converting enzyme 
(ACE) inhibitor C09AA01 captopril
 C09AA02 enalapril sodium
 C09AA02 enalapril maleate
 C09AA03 lisinopril
 C09AA04 perindopril erbumine
 C09AA05 ramipril
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 C09AA06 quinapril hcl
 C09AA07 benazepril hcl
 C09AA08 cilazapril
 C09AA09 fosinopril sodium
 C09AA10 trandolapril
 C09BA02 enalapril/hydrochlorothiazide
 C09BA03 lisinopril/hydrochlorothiazide
 C09BA04 perindopril erbumin/indapamide
 C09BA04 perindopril arg/indapamide
 C09BA05 ramipril/hydrochlorothiazide
 C09BA06 quinapril/hydrochlorothiazide
 C09BA08 cilazapril/hydrochlorothiazide
 C09BB04 perindopril arg/amlodipine bes
 C09BB10 trandolapril/verapamil hcl
Angiotensin receptor 
blocker C09CA01 losartan potassium
 C09CA02 eprosartan mesylate
 C09CA03 valsartan
 C09CA04 irbesartan
 C09CA06 candesartan cilexetil
 C09CA07 telmisartan
 C09CA08 olmesartan medoxomil
 C09CA09 azilsartan medoxomil
 C09DA01 losartan/hydrochlorothiazide
 C09DA02 eprosartan/hydrochlorothiazide
 C09DA03 valsartan/hydrochlorothiazide
 C09DA04 irbesartan/hydrochlorothiazide
 C09DA06 candesartan/hydrochlorothiazid
 C09DA07 telmisartan/hydrochlorothiazid
 C09DA08 olmesartan/hydrochlorothiazide
 C09DA09 azilsartan med/chlorthalidone
 C09DB04 telmisartan/amlodipine
 C09DX04 sacubitril/valsartan
Calcium Channel 
Blocker C08CA01 amlodipine besylate
 C08CA02 felodipine
 C08CA05 nifedipine
 C08CA55 nifedipine/acetylsalicylic ac
 C09BB04 perindopril arg/amlodipine bes
 C09DB04 telmisartan/amlodipine
 C10BX03 amlodipine/atorvastatin
Potassium-sparing 
diuretic C03DA01 spironolactone
 C03DB01 amiloride hcl
 C03DB02 triamterene
 C03EA01 amiloride/hydrochlorothiazide
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 C03EA01 triamterene/hydrochlorothiazid
 C03EA01 spironolact/hydrochlorothiazid
Loop diuretic C03CA01 furosemide
 C03CA02 bumetanide
Beta-blocker C07AA03 pindolol
 C07AA05 propranolol hcl
 C07AA06 timolol maleate
 C07AA12 nadolol
 C07AB02 metoprolol tartrate
 C07AB03 atenolol
 C07AB07 bisoprolol fumarate
 C07AB12 nebivolol hcl
 C07AG01 labetalol hcl
 C07BA05 propranolol/hydrochlorothiazid
 C07BA06 timolol/hydrochlorothiazide
 C07BA12 nadolol/bendroflumethiazide
 C07CA03 pindolol/hydrochlorothiazide
 C07CB03 atenolol/chlorthalidone
Other C02AA02 reserpine
 C02AB02 methyldopa
 C02AC01 clonidine hcl
 C02AC02 guanfacine hcl
 C02CA01 prazosin hcl
 C02CA04 doxazosin mesylate
 C02DB02 hydralazine hcl
 C02DC01 minoxidil
 C02LA01 reserpine/hydrochlorothiazide
 C02LA01 hydralazine/reserpin/hcthiazid
 C02LB01 methyldopa/hydrochlorothiazide
 C02LB01 methyldopa/chlorothiazide
 C02LC01 clonidine hcl/chlorthalidone
 C03DA01 spironolactone
 C08DA01 verapamil hcl
 C08DB01 diltiazem hcl
 C09BB10 trandolapril/verapamil hcl
 C09XA02 aliskiren fumarate
 C09XA52 aliskiren/hydrochlorothiazide
 G04CA03 terazosin hcl
 N02CX02 clonidine hcl

ATC Anatomical Therapeutic Chemical.
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Table S2. List of diagnosis and procedure codes used to identify conditions

Diagnosis Codes Procedure Codes

Condition ICD-9 ICD-10 CCP CCI MSP fee Items

Cancer 140-209, V58.0, 
V58.1

C00-C97, Z51.0, 
Z51.1, Z51.2

06.2 (radiotherapy), 
06.3 (radiotherapy), 
13.55 (chemotherapy)

X.XX.35.XX-G6 
(chemotherapy), 
X.XX.35.XX-M0 to 
X.XX.35.XX-M9 
(chemotherapy), 
X.XX.27 (radiotherapy), 
X.XX.26 (brachytherapy)

33581, 33582, 33583 
(chemotherapy)

Renal failure 584-586 N17-N19 - - -
Dialysis 
(peritoneal or 
hemodialysis)

V45.1, V56.0, V56.8, 
E870.2, E871.2, 
E872.2, E874.2

E10.220-E10.224, 
E10.229, E11.220-
E11.224, E11.229, 
E13.220-E13.224, 
E13.229, E14.220-
E14.224, E14.229, 
T82.4, Y60.2, Y61.2, 
Y62.2, Y84.1, Z49.0-
Z49.2, Z99.2

51.27, 51.42, 51.43, 
51.95, 66.98

1PZ21HPD4, 
1PZ21HQBR, 
1PZ21HQBS

33750, 33751, 
33752, 33708, 
33756, 33758, 
33723, 33759, 33761

Diseases 
associated with 
secondary 
hypertension

194.0, 227.0, 237.3, 
255.1, 255.6, 405, 
447.3, 447.8

C74.1, C75.5, D13.2, 
D35.0, D44.6, D44.7, 
E26, E27.5, I15, 
I77.3, 

- - -

Congestive 
heart failure

428 I50 - - -

Coronary artery 
disease

410.x-414.x I20.x-I25.x 48.0, 48.1, 48.2 1.IJ.76, 1.IJ.50 07908, 0790, 07990, 
00839, 00840, 
00842, 00841

Cirrhosis and 
liver disease

570-573 K70-K75 - - -
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Diagnosis Codes Procedure Codes

Condition ICD-9 ICD-10 CCP CCI MSP fee Items

Toxemia of 
pregnancy

642.5-642.7 O11, O14-O15 - - -

Premenstrual 
tension and 
edema 

625.4 N94.3 - - -

Nephrotic 
syndrome

581 N04 - - -

Kidney stones 593-594 N20-N23 68.0, 68.2, 67.01, 
69.0, 69.13, 70.5, 
71.96

1.PG.59, 1.PE.59, 
1.PL.59,  1.PM.59

Hypercalcemia 275.42 E83.52 - - -
Diabetes 
Insipidus

253.5, 588.1 E23.2, N25.1 - - -

Migraine 346 G43 - - -
Diabetic 
nephropathy  

249.4, 250.4 E10.2, E10.7, E11.2, 
E11.7, E14.2, E14.7

- - -

Other chronic 
kidney diseases

580-589, 590-593 N00-N20, N25-N29 - - -

Marfan 
syndrome  

759.82 Q87.4 - - -

ICD International Classification of Disease; CCP Canadian Classification of Diagnostic, Therapeutic, and Surgical Procedures; CCI 
Canadian Classification of Health Interventions; MSP Medical Services Plan.
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Table S3. Covariate definitions

Covariate Definition

Age Age at initiation of antihypertensive therapy [discrete]

Sex Based on provincial health insurance registry data [female; male]

Income level Any prescription drug claim paid by an assisted basic or senior $0 deductible 
plan or social services plan in the 1 year before cohort entry.
[assisted; not assisted]

Geographical 
area

Based on forward sortation area of individuals’ residence in British Columbia 
[north; east; central; west-rural; west-urban]

Page 41 of 43

For Peer Review Only

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Confidential

8

Table S4. Patient flow

 

No. of 
individu
als 
remaini
ng

No. of 
individu
als 
exclude
d

% 
Exclud
ed

Source population 5,669,12
8

Individuals with a new prescription for a thiazide, ACEI, ARB, or CCB 
between January 1, 2004 and December 31, 2014. 502,743

Exclusion criteria
Lack of continuous enrollment in the 2 years before cohort entry 430,415 72,328 14.4
Lost MSP enrollment within the first 3 months of the initial prescription 429,697 718 0.1
Missing information on age or sex 429,677 20 0.0
Age under 30 or over 75 on date of the initial prescription 373,364 56,313 11.2
Died before cohort entry 373,347 17 0.0
Dispensed both ACEI and ARB on date of the initial prescription 373,301 46 0.0
Cancer 303,741 69,560 13.8
Renal failure or dialysis 298,430 5,311 1.1
Secondary hypertension 297,622 808 0.2
Heart failure 291,821 5,801 1.2
Coronary artery disease 264,202 27,619 5.5
Edema-causing conditions (except steroid use) 261,098 3,104 0.6
Steroid use 255,881 5,217 1.0
Kidney stones or hypercalcemia 254,400 1,481 0.3
Diabetes Insipidus 254,380 20 0.0
Migraine 250,854 3,526 0.7
Diabetic nephropathy 250,641 213 0.0
Other chronic kidney diseases 248,539 2,102 0.4
Marfan syndrome 248,533 6 0.0
Discontinued any antihypertensive therapy within the first 3 months of 
the initial prescription 232,781 15,752 3.1

Final Cohort 232,781
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Table S5. Discontinuation of any antihypertensive therapy in the incident user cohort by 

PharmaCare coverage

PharmaCare Coverage

Initial Drug 
Class

Discontinued 
n (%)

Censored 
n (%) Median (years) Crude HR 

(95% CI)
Adjusted HR

(95% CI)*

Thiazide 
Monotherapy, n 
= 84,897 54,972 (64.7)

29,925 
(35.2) 5.44 (5.35-5.53) Reference Reference

ACEI 
Monotherapy, n 
= 98,157  59,881 (61.0)

38,276 
(39.0) 6.05 (5.96-6.14) 0.95 (0.94-0.96) 0.95 (0.93-0.96)

ARB 
Monotherapy, n 
= 1002    635 (63.4) 367 (36.6) 5.78 (5.20-6.77) 0.98 (0.91-1.06) 0.98 (0.91-1.06)

Thiazide with 
ACEI/ARB, n = 
10,957   6560 (59.8) 4397 (40.1) 6.44 (6.15-6.75) 0.92 (0.90-0.95) 0.92 (0.90-0.95)

Calcium 
Channel 
Blocker, n = 
14,510   9198 (63.4) 5312 (36.6) 5.08 (4.91-5.30) 1.06 (1.04-1.08) 1.04 (1.02-1.06)

Without PharmaCare Coverage

Initial Drug 
Class

Discontinued 
n (%)

Censored 
n (%) Median (years) Crude HR 

(95% CI)
Adjusted HR

(95% CI)*

Thiazide 
Monotherapy, n 
= 1111    756 (68.0) 355 (32.0) 4.21 (3.76-4.88) Reference Reference

ACEI 
Monotherapy, n 
= 2513   1957 (77.9) 556 (22.1) 1.79 (1.63-1.92) 1.50 (1.37-1.63) 1.47 (1.35-1.60)

ARB 
Monotherapy, n 
= 10,447   6788 (65.0) 3659 (35.0) 4.61 (4.37-4.85) 0.91 (0.84-0.98) 0.91 (0.84-0.98)

Thiazide with 
ACEI/ARB, n = 
7952   4965 (62.4) 2987 (37.6) 5.24 (4.94-5.59) 0.86 (0.80-0.93) 0.87 (0.81-0.94)

Calcium 
Channel 
Blocker, n = 
1235      887 (71.8) 348 (28.2) 2.69 (2.36-3.10) 1.24 (1.12-1.36) 1.21 (1.09-1.33)

ACEI Angiotensin-converting enzyme inhibitor; ARB angiotensin II receptor blocker.

* Adjusted for age, sex, income level, geographical area.
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Supplementary Figures

Figure S1. Percentage of incident thiazide users between 2004 and 2019.
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