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ABSTRACT
Background: A range of first-line similarly effective medications
ranging in price are recommended for treating uncomplicated hyper-
tension. Considering drug costs alone, thiazides and thiazide-like di-
uretics are the most cost-efficient option. We determined incident
prescribing of thiazides for newly diagnosed hypertension as first-line
treatment in Alberta, factors that predicted receiving thiazides vs
more costly medications, and how much could be saved if more pa-
tients were prescribed thiazides.
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R�ESUM�E
Contexte : De nombreux m�edicaments tous aussi efficaces les uns
que les autres, mais de prix variable, sont recommand�es pour le
traitement de première intention de l’hypertension non compliqu�ee. Si
l’on tient compte du coût du m�edicament seulement, les thiazides et
les diur�etiques apparent�es aux thiazides sont les options les plus
�economiques. Nous avons �evalu�e le taux de prescription d’un thiazide
pour le traitement de première intention de l’hypertension nouvelle-
ment diagnostiqu�ee en Alberta, les facteurs de pr�ediction de la
Hypertension affects 23% of Canadian adults, accounting for
an estimated 10% of overall health care spending.1 A number
of medications at various prices are recommended by guide-
lines as initial pharmacotherapy to treat hypertension without
other compelling indications.2 More highly-priced medicines
can have considerable financial implications for individuals
and the health care system.3 In Canada, approximately 10%
of patients experience cost-related nonadherence, which af-
fects outcomes and increases health care costs.4,5 Forgoing
treatment because of cost barriers might lead to preventable
morbidity, hospital visits, and costs, or even premature
death.6,7

For therapeutic areas such as hypertension in which mul-
tiple treatments are available at different prices, physician
prescribing behaviour and its responsiveness to medicine
prices (ie, prescribing lower-cost medicines with comparative
effectiveness whenever appropriate) represents an opportunity
to contain costs (to the patient and to the health system) while
simultaneously improving patient outcomes (as a result of also
reducing cost-related nonadherence).5 Physicians and other
prescribers rarely interact with pricing data in their daily
practices and have been shown to often be unaware of drug
pricing.8 Consequently, higher-cost medications might be
prescribed when lower-cost alternatives exist with equivalent
expected effectiveness.

A variety of successful interventions have increased physicians’
access to and awareness of drug prices to encourage physicians to
prescribe lower-cost therapies when appropriate.9-12 Since 2013,
one such effort to increase physicians’ awareness of higher-priced
medicines in the province of Alberta specifically, has been the
publication of an annual report by the Alberta College of Family
Physicians (ACFP). These reports list lower-cost alternatives ac-
cording to therapeutic area, including an estimate of the out-of-
pocket cost to the patient to fill their prescription.13 For
example, the lowest-cost generic angiotensin converting enzyme
inhibitors (ACEIs; ie, ramipril, lisinopril) were priced at $30 for a
90-day supply whereas the lowest-cost generic diuretics (ie,
indapamide, hydrochlorothiazide) were half that cost (ie, $15 for a
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Methods: Using a retrospective cohort design, factors predicting
receiving thiazides vs other agents were determined using mixed ef-
fects logistic regression. Cost savings were simulated by shifting pa-
tients from other antihypertensive medications to thiazides and
calculating the difference.
Results: Within our cohort of 89,548 adults, only 12% received thia-
zides as first-line treatment whereas 44% received angiotensin con-
verting enzyme inhibitors, 17% received angiotensin receptor blockers,
16% received calcium channel blockers, and 10% received b-blockers.
Antihypertensive medications were typically prescribed by office-
based, general practitioners (88%). Being male and receiving a pre-
scription from a physician with � 20 years of practice and a high
clinical workload were associated with increased odds of receiving
nonthiazides. In the extreme case that all patients received thiazides
as their first prescription, spending would have been reduced by a
maximum of 95% (CAD$1.8 million).
Conclusions: Only 12% of Albertan adults with incident, uncompli-
cated hypertension were prescribed thiazides as first-line treatment.
With the opportunity for drug cost savings, future research should
evaluate the risk of adverse events and side effects across the drug
classes and whether the costs associated with managing those risks
could offset the savings achieved through increased thiazide use.

prescription d’un thiazide plutôt que d’un autre m�edicament plus
coûteux, ainsi que les �economies qui pourraient être r�ealis�ees si on
prescrivait un thiazide à un plus grand nombre de patients.
M�ethodologie : Dans le cadre de notre �etude de cohorte r�etrospective,
nous avons d�etermin�e les facteurs de pr�ediction de la prescription d’un
thiazide plutôt que d’un autre agent à l’aide d’une r�egression logistique
à effets mixtes. Nous avons simul�e les �economies qui pourraient être
r�ealis�ees en faisant passer à un thiazide les patients à qui un autre
m�edicament antihypertenseur a �et�e prescrit et en calculant la
diff�erence.
R�esultats : Dans notre cohorte de 89 548 adultes, seulement 12 %
des patients ont reçu un thiazide en première intention; 44 % ont reçu
un inhibiteur de l’enzyme de conversion de l’angiotensine; 17 %, un
antagoniste des r�ecepteurs de l’angiotensine; 16 %, un inhibiteur
calcique; et 10 %, des bêtabloquants. Les agents antihypertenseurs
sont g�en�eralement prescrits par des omnipraticiens en cabinet (88 %).
Le fait d’être un homme et le fait d’obtenir une prescription auprès
d’un m�edecin exerçant depuis au moins 20 ans et ayant une lourde
charge de travail clinique �etaient associ�es à une probabilit�e sup�erieure
de recevoir un agent autre qu’un thiazide. Dans le cas extrême où tous
les patients se verraient prescrire un thiazide en première intention, la
r�eduction des d�epenses pourrait atteindre 95 % (soit 1,8 million de
dollars canadiens).
Conclusions : En Alberta, un thiazide a �et�e prescrit en première inten-
tion à seulement 12 % des adultes venant de recevoir un diagnostic
d’hypertension non compliqu�ee. Compte tenu des �economies qui pour-
raient être r�ealis�ees si un thiazide �etait prescrit dans ce contexte, il
conviendrait d’effectuer des recherches plus pouss�ees pour �evaluer le
risque de manifestations ind�esirables et d’effets secondaires associ�e
aux diff�erentes classes dem�edicaments, et pour d�eterminer si les coûts
li�es à la prise en charge de ce risque annuleraient les �economies
r�ealis�ees en augmentant le recours aux thiazides.
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90-day supply).13 Over time and at a system level, initiating pa-
tients’ treatment with drugs that are twice the price of other
equivalent options can amount to large cost differences.

As stated in the ACFP reports and elsewhere,13 thiazide
and thiazide-like diuretics (referred to collectively as “thia-
zides” in this article) are the least expensive class of antihy-
pertensive medications in Canada. This treatment choice is
supported by practice guidelines with “grade A” evidence as a
single-pill monotherapy.2 A recently updated Cochrane sys-
tematic review and observational studies also support low-dose
thiazides as a similarly effective first-line treatment for incident
hypertension relative to other available classes of guideline-
recommended antihypertensive medications.14-17

Therefore, in this study, we sought to determine how often
thiazides and higher-cost alternatives were prescribed as first-
line treatment in Alberta, factors that predict receiving thia-
zides vs other antihypertensive medications, and how much
could be saved if more patients with incident uncomplicated
hypertension were prescribed lower-cost thiazides first.
Methods

Setting

This study was conducted in the province of Alberta,
Canada, where access to physician and laboratory services are
available without charge. Although currently there is no
universal pharmacare system, a provincial government-
sponsored (premium-free) program is available for prescrip-
tion drug benefits for people aged 65 and older such that most
patients will not need to pay more than $25 for a 3-month
supply of medications. Although most patients are insulated
from drug costs in Canada through public or employer-based
insurance programs (which might have varying levels of
coverage and restrictions), there is a small proportion of pa-
tients (estimated to be approximately 10%), such as the un-
deremployed, who might experience cost-related
nonadherence because of a lack of adequate coverage for
pharmaceuticals.4,18

Ethics

The Conjoint Health Research Ethics Board of the Uni-
versity of Calgary approved this study and granted waiver of
patient consent.

Data sources

We used a provincial data repository, which includes
administrative, laboratory, and pharmaceutical claims for
nearly all residents of Alberta.19 Specifically, pharmaceutical
claims were captured within the Pharmaceutical Information
Network, which includes all medications that have been
dispensed at an Alberta pharmacy, regardless of patient
medication coverage. Data files were linked using scrambled
patient or physician identification numbers for privacy



- ACEi & diure cs n= 7,344
- ARB & diure cs n= 5,063
- ACEi & CCB n= 324
- ARB & CCB n= 696

Alberta Health registered 
adults

April 1, 2012 – March 31, 2017

n= 3,928,297

No hypertension diagnosis, April 1, 2012 – March 
31, 2017

n=3,193,919

Any hypertension diagnosis

April 1, 2012 – March 31, 2017

n= 734,092

Prevalent hypertension (diagnosis in 4 years prior)

n= 393,810

≥1 code for complicated hypertension, before or 
during diagnosis

n= 126,586

Incident, uncomplicated 
hypertension

April 1, 2012 – March 31, 2017

n= 213,697

Hypertension Rx in period 6 months prior to 4 years 
prior to index

n= 39,827

No Hypertension Rx in year following index date

n= 70,992

Incident, uncomplicated 
hypertension, treated

April 1, 2012 – March 31, 2017

n= 102,878

First 
prescribed 

thiazide

n= 11,122

Single Pill Combo*

n= 13,329

First 
prescribed 

non-thiazide

n= 78,426

ACEi

n= 39,700

ARB

n= 15,035

CCB

n= 14,328

Beta Blockers

n= 8,724

Other An hypertensives

n= 639

Figure 1. Inclusion and exclusion flow to derive a cohort of first Rx for uncomplicated, incident hypertension. ACEI, angiotensin converting enzyme
inhibitor; ARB, angiotensin receptor blocker; CCB, calcium channel blocker; Rx, prescription.
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protection. At the time of study, the most recent data available
were from March 31, 2017.

Cohort

We created a population-based retrospective cohort of
adult Albertans (18 years of age or older) with incident, un-
complicated, treated hypertension diagnosed between April 1,
2012 and March 31, 2017 (Fig. 1). A 5-year time frame was
selected to avoid the idiosyncrasies of any given year, but still
provide a large enough observation window to observe typical
prescribing and prescription filling behaviours for patients
who are initiating pharmacotherapy after an uncomplicated
hypertension diagnosis. Hypertension was identified using a
validated algorithm (1 hospital claim [International Classifi-
cation of Diseases 10th Revision code I10-I13, I15] or 2
physician claims [International Classification of Diseases
ninth Revision 401-405] within 2 years or less).20 The hy-
pertension diagnosis date was defined as either the date of
their hospital claim or the first of 2 physician claims. To focus
on incident hypertension, we excluded patients with a previ-
ous claim for hypertension within a 4-year lookback window.

Patients were excluded if they had other compelling in-
dications for pharmacological therapy, as defined by Hyper-
tension Canada’s guidelines, because these patients might
have additional benefit from non-thiazide antihypertensive
medications.21 We excluded patients with previous ischemic
heart disease (coronary artery disease and recent myocardial
infarction), heart failure, stroke, left ventricular hypertrophy,
atrial fibrillation, supraventricular tachycardia, chronic kidney
disease, liver cirrhosis, renovascular disease, and diabetes
(Supplemental Table S1). We also excluded patients who were
prescribed metolazone or who had at least 1 diagnostic code
for “complicated hypertension” during the study period
(Supplemental Table S2). These conditions were identified
using hospital discharge data and physician claims.

We included patients who had their first antihypertensive
prescription dispensed (list of included medications is avail-
able in Supplemental Table S3) within the same time frame as
the hypertension diagnosis date (ie, within the 6 months
before or 12 months after the prescription date because some
patients might start taking medication when blood pressure is
elevated but have not met the administrative data definition
for hypertension). We excluded patients who had a hyper-
tension diagnosis, but no hypertension prescription filled in
the year after their diagnosis date to maintain a cohort of
patients with an incident hypertension diagnosis who subse-
quently initiated treatment (ie, primary adherence was
observed by the patient after the initial hypertension diagnosis
in which pharmacotherapy was recommended). Finally, we
excluded patients who initiated treatment using single-pill
combination medicines to maintain our study’s focus on
interchangeable hypertension monotherapies. These exclu-
sions were all made using prescription dispensation data.

Outcomes

A patient’s first prescription for hypertension was identified
using prescription dispensation data and categorized into
thiazides (including thiazide and thiazide-like medicines: hy-
drochlorothiazide, chlorthalidone, metolazone, and indapa-
mide) or other antihypertensive agents (including ACEIs,
angiotensin receptor blockers [ARBs], calcium channel
blockers [CCBs], and b-blockers).

The cost of first prescriptions was estimated at the indi-
vidual product level on the basis of the products’ Health
Canada Drug Identification Number (DIN). For each DIN,
the cost per prescription was estimated as the median number
of days dispensed, the median number of pills per day, and the
price per pill according to the contemporaneous Alberta Drug
Benefit Formulary, which lists individual drug prices for
provincial pharmaceutical insurance programs.22

Covariates of interest

Our covariates included patient and prescriber character-
istics. Patient demographic and illness characteristics were
defined using registry, hospital, claims, and laboratory data
and measured at the date of hypertension diagnosis. We
defined patients’ age (mean and categorical), sex, urban/rural
status, neighbourhood income quintile,23 comorbidities
(defined using validated algorithms24), and indicators of kid-
ney function, proteinuria, and glycemic control. We demar-
cated relational continuity of primary care using the Usual
Provider Continuity index on the basis of the number of visits
to the same physician.

We defined prescriber characteristics at the patient level at
the first prescription dispensation date. Number of unique
prescribers and their specialty were identified using the
pharmacy data. If prescriber information was missing from the
first prescription, we obtained it from the patient’s second
antihypertensive prescription. For prescribers who were phy-
sicians (rather than a nurse or pharmacist25), we used physi-
cian claims data to define their years practicing since 1994
(when our database started), proportion of clinical workload
on the basis of the number of days billing, practice location in
the province (urban/rural), and practice facility type (eg,
hospital, office, other).26

Analysis

Differences in baseline characteristics of patients and pre-
scribers (on the basis of whether the patient’s first hyperten-
sion prescription was a thiazide or other antihypertensive
medication) were determined using c2 tests for binary vari-
ables, t test for age (which was normally distributed), and rank
sum test for kidney function, proteinuria, and glycemic con-
trol (which were not normally distributed). All tests were 2-
way and considered significant at the 5% level.

Factors associated with receiving another antihypertensive
agent compared with thiazides were determined using a mixed
effects logistic regression model, including a random intercept
for prescribers and bootstrapped standard errors to address
patients’ clustering within prescribers. We initially included all
patient and prescriber characteristics in the model and then
used a backward elimination approach to remove collinear and
nonsignificant variables from the model. When the final
model was determined, we estimated the intraclass correlation
coefficient, the ratio of between-physician variance to the total
variance.

Potential cost savings were estimated by shifting patients
who were first prescribed other antihypertensive medications
to thiazides and calculating the difference in total costs.
Recognizing that legitimate reasons might exist for some



Table 1. Patient characteristics

Characteristic Overall Thiazide Other antihypertensive* Py

Overall, n 89,548 11,122 78,426
First-line treatment

Thiazides 12.4 (11,122) 100.0 (11,122)
ACEI 44.3 (39,700) 50.6 (39,700)
ARB 16.8 (15,035) 19.2 (15,035)
CCB 16.0 (14,328) 18.3 (14,328)
b-Blocker 9.7 (8724) 11.1 (8724)
Other blood pressure medicationsz 0.7 (639) 0.8 (639)

Age group
18-44.99 27.3 (24,433) 27.1 (3008) 27.3 (21,425) 0.545
45-64.99 53.5 (47,876) 53.6 (5958) 53.5 (41,918) 0.812
� 65 19.1 (17,127) 19.3 (2146) 19.1 (14,981) 0.628
Mean age (SD), years 53.4 (13.4) 53.6 (13.3) 53.4 (13.4) 0.134

Sex
Male 53.8 (48,206) 43.5 (4837) 55.3 (43,369) < 0.001
Female 46.2 (41,342) 56.5 (6285) 44.7 (35,057)

Urban/rural
Urban 87.2 (78,117) 86.6 (9634) 87.3 (68,483) 0.038
Rural 12.5 (11,171) 13.2 (1463) 12.4 (9708) 0.021
Missing 0.3 (260) 0.2 (25) 0.3 (235) 0.170

Income quintile
Lowest quintile 23.7 (21,195) 22.8 (2532) 23.8 (18,663) 0.017
Highest quintile 16.6 (14,816) 16.8 (1864) 16.5 (12,952) 0.516
Missing 0.9 (825) 0.9 (98) 0.9 (727) 0.636

GP attachmentx

Infrequent 0.9 (788) 0.8 (91) 0.9 (697) 0.456
Low 22.5 (20,164) 23.9 (2655) 22.3 (17,509) < 0.001
Medium 32.7 (29,252) 33.9 (3771) 32.5 (25,481) 0.003
High 43.5 (38,986) 41.0 (4565) 43.9 (34,421) < 0.001
Missing 0.4 (358) 0.4 (40) 0.4 (318) 0.473

Comorbidities
0 58.9 (52,743) 56.7 (6308) 59.2 (46,435) < 0.001
1 26.7 (23,897) 27.9 (3099) 26.5 (20,798) 0.003
2 9.7 (8697) 10.5 (1172) 9.6 (7525) 0.002
� 3 4.7 (4211) 4.9 (543) 4.7 (3668) 0.339

Kidney function: mean eGFR (SD) 89.40 (17.77) 89.13 (16.76) 89.44 (17.92) 0.106
Glycemic control: mean HbA1c (SD) 5.76 (0.78) 5.70 (0.67) 5.77 (0.79) < 0.001
Proteinuria

Normal 82.6 (73,992) 83.2 (9257) 82.5 (64,735) 0.073
Mild 7.3 (6570) 6.5 (727) 7.5 (5843) 0.001
Heavy 2.2 (1977) 1.8 (197) 2.3 (1780) 0.001
Not measured 7.8 (7009) 8.5 (941) 7.7 (6068) 0.008

Data are presented as % (n) except where otherwise noted.
ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium channel blocker; eGFR, estimated glomerular filtration rate;

GP, general practitioner; HbA1c, hemoglobin A1c.
*Other hypertension medications: ACEI, ARB, CCB, b-blocker, and other antihypertensive medications.
y For comparison between thiazide and other hypertension medications. Calculated using c2 test for binary variables, t test for age, and rank sum test for kidney

function, proteinuria, and glycemic control.
zOther blood pressure medications included methyldopa (n ¼ 144), clonidine (n ¼ 358), guanfacine (n ¼ 8), prazosin (n ¼ 50), doxazosin (n ¼ 22), hy-

dralazine (n ¼ 49), bosentan (n ¼ 2), ambrisentan (n ¼ 4), or antihypertensive medications for pulmonary arterial hypertension (n ¼ 2).
x Primary care attachment (also called relational continuity) categories are defined as infrequent (1 to 2 primary care visits), high (> 75% of patients with 3 or

more primary care visits made to the same physician), medium (50%-75% of 3 or more visits made to the same physician), and low (< 50% of visits made to any
one primary care physician).
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patients to initiate therapy using nonthiazide drugs, we esti-
mated potential savings for different proportions of patients
(ie, 20%, 40%, 60%, 80%, 100%) from the other drug
classes and switching them into the thiazide prescription
group (while maintaining the original distributions of patients
across the DINs within each of the classes).
Results
Our cohort included 89,548 adults with incident, un-

complicated, treated hypertension. We excluded 393,810
patients with prevalent hypertension, 126,586 with compli-
cations, 39,827 with an antihypertensive prescription filled
before 6 months before their hypertension diagnosis, 70,922
with no hypertension prescription in the year after their
diagnosis index date, and 13,329 who started treatment with a
single pill combination (Fig. 1).

Type of antihypertensive prescribed

Among our cohort, 12.4% (11,122/89,548) received thia-
zides as a first prescription (Table 1), including hydrochloro-
thiazide, chlorthalidone, and indapamide.Hydrochlorothiazide
accounted for 86.8% of all thiazides. The most commonly first
prescribed other antihypertensivemedication among our cohort
were ACEIs (44.3%; 39,700/89,548), most of which were
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brand-name versions of perindopril erbumine (56.6%; 22,447/
39,700) or trandolapril (12.1%; 4,4,744/39,700). Smaller
proportions of patients in the cohort received ARBs (16.8%;
15,035/89,548), most of which were brand-name versions of
olmesartan medoxomil (26%; 3943/15,059). Generic use was
more predominant for the smaller proportion of patients who
received CCBs (16.0%; 14,328/89,548) and b-blockers (9.7%;
8724/89,548). A small number of patients (0.7%; 639/89,548)
received other antihypertensive medications not recommended
as first-line treatment for uncomplicated hypertension.

Patient and prescriber characteristics

Patients who received thiazides as first-line treatment were
similaroverall to those receivingotherantihypertensivemedications.
The mean age was 53.4 (SD 13.4) years, with approximately a
quarter of patients (27.3%) under the age of 45 years, half (53.5%)
between 45 and 65 years, and approximately a fifth (19.1%) age 65
years andolder.Approximately 87%ofpatients lived inurbanareas.
Those who started treatment with thiazides were more likely to be
female (56.5% vs 43.5%; P< 0.001). There were some significant
differences between the groupswith respect to income, number and
type of comorbidities (Supplemental Table S2), proteinuria, and
glycemic control, but these differences were typically small and not
in a consistent direction.Therewasnodifference inkidney function
between the 2 groups (Table 1).

First-line antihypertensive medications were prescribed by
6743 prescribers (data not shown). Most of the prescribers
were physicians, including 4346 general practitioners who
prescribed to 88.0% of patients, 336 internal medicine spe-
cialists who prescribed to 3.3% of patients, 134 cardiologists
who prescribed to 2.5% of patients, and 72 nephrologists who
prescribed to 0.3% of patients. Nearly all physicians worked
in an office setting (84%). A small number of patients saw
other prescribers, such as pharmacists or nurse practitioners,
without specialties indicated (2.1%; n ¼ 1865). Prescribers
saw a mean of 19.4 patients with incident, treated, hyper-
tension, ranging from 1 to 416 patients (Table 2).

Patients who saw general practitioners vs specialists were
slightly more likely to receive thiazides as first-line treatment
than other antihypertensive medications (90.8% vs 87.6%; P
< 0.001). Patients who saw physicians with fewer years of
practice were somewhat more likely to receive thiazides than
other antihypertensive medications. Similarly, patients who
saw physicians with more years in practice were more likely to
receive antihypertensive medications other than thiazides.
Patients who saw physicians with higher clinical workloads (>
60%) were also less likely to receive thiazides compared with
other antihypertensive medications (52.2% vs 59.1%; P <
0.001). Finally, patients with higher relational continuity to
their general practitioner (75% or more of visits to the same
physician) were less likely to receive thiazides as their first
prescription (41.0% vs 43.9%; P < 0.001).

Patient and physician factors associated with not
receiving thiazides

Male patients were at increased odds of receiving non-
thiazides compared with female patients (adjusted odds ratio
[OR], 1.67; 95% confidence interval [CI], 1.59-1.75).
Physician factors associated with an increased odds of pre-
scribing non-thiazides included being a specialist (OR, 1.84;
95% CI, 1.62-2.09) and having a high clinical workload (OR,
1.99; 95% CI, 1.61-2.44; Table 3). Physician clustering
accounted for 30.7% (95% CI, 29.0%-32.3%) of the varia-
tion in being prescribed another antihypertensive medication
compared with thiazides, which suggests a high level of vari-
ation in prescribing between physicians.

Cost savings

The total cost of the initial prescriptions within our cohort
was CAD$1,868,873. Thiazides made up 1% of the share of
the initial cost, whereas ACEIs made up 52%, ARBs 31%,
CCBs 12%, and b-blockers 4% of the share of the initial costs
(Fig. 2). Only ACEIs and ARBs consumed larger shares of the
total expenditure (52% and 31%, respectively) than their
share of the total prescriptions filled (45% vs 17%, respec-
tively), which was because of the heavy reliance on brand-
name drugs within those drug classes, in contrast to the
other 3 drug classes investigated. If 20% of patients who
started treatment using other antihypertensive medications
instead of thiazides, approximately $355,000 would have been
saved (Fig. 3). The savings increased as more patients were
switched from other antihypertensive medications to thia-
zides. If all patients received thiazides as their first prescrip-
tion, $1,773,409 could have been saved during the study
period on first prescriptions alone. More than half ($980,664)
of these savings would have resulted from a reduction in the
prescribing of ACEIs.
Discussion
In our study of a cohort who initiated antihypertensive

pharmacotherapy after a new diagnosis of uncomplicated
hypertension, we found that initiating treatment with thia-
zides was the second least common start for patients of the 5
drug classes studied, only representing approximately 12% of
patients. Instead, patients most commonly started treatment
with brand-name ACEIs. Assuming thiazides were an appro-
priate treatment option for more patients than status quo,
there might be opportunities for reducing system-level
spending by as much as 95% (from $1,893,648 to $97,981
in the extreme case that all patients started treatment with
thiazides). This illustrates the difference that treatment choice
can make, even when restricting those choices to guideline-
recommended options. Potential interventions to increase
reliance on thiazides might be considered, particular those
focused on general practitioners (as opposed to other practice
areas) because they are most often in the position of recom-
mending patients’ initial treatment. However, because the risk
of adverse events and side effects is not uniform across all 5
drug classes, the costs associated with managing those risks
might vary and offset the initial drug cost savings in the longer
term; therefore, more research is needed before recommend-
ing interventions to increase thiazide use.

Previous studies have shown greater reliance on thiazides
than was observed in our study. For example, a 2004 survey
showed that thiazide diuretics consistently accounted for
approximately 30% of antihypertension prescriptions across
countries in Western Europe and the United States, but use of
other antihypertensive medications varied widely according to
country.27 A study that investigated Canadian antihyperten-
sive utilization showed that thiazides consistently comprised



Table 2. Prescriber characteristics (measured at the patient level)

Measure Overall Thiazide Other hypertension medications* P

Overall, n 89,548 11,122 78,426
Specialty

General practitioner 88.0 (78,766) 90.8 (10,097) 87.6 (68,669) < 0.001
Internal medicine 3.3 (2980) 2.2 (247) 3.5 (2733) < 0.001
Cardiologist 2.5 (2235) 0.5 (58) 2.8 (2177) < 0.001
Nephrologist 0.3 (306) 0.1 (16) 0.4 (290) < 0.001
Othery 3.8 (3396) 3.8 (427) 3.8 (2969 0.782
Missing 2.1 (1865) 2.5 (277) 2.0 (1588) 0.001

Years of practice in Alberta since 1994
� 5 years 26.2 (23,433) 28.7 (3194) 25.8 (20,239) < 0.001
6-10 years 21.3 (19,110) 22.8 (2540) 21.1 (16,570) < 0.001
11-15 years 15.5 (13,835) 15.0 (1665) 15.5 (12,170) 0.135
16-20 years 9.2 (8213) 8.3 (927) 9.3 (7286) 0.001
> 20 years 25.9 (23,165) 22.7 (2526) 26.3 (20,639) < 0.001
Missing 2.0 (1792) 2.4 (270) 1.9 (1522) 0.001
Mean (SD) 12.1 (7.4) 11.4 (7.3) 12.2 (7.4) < 0.001

Clinical workloadz

� 25% 1.8 (1577) 2.6 (285) 1.7 (1292) < 0.001
26%-60% 38.0 (33,998) 42.8 (4760) 37.3 (29,238) < 0.001
> 60% 58.2 (52,147) 52.2 (5806) 59.1 (46,341) < 0.001
Missing 2.0 (1821) 2.4 (271) 2.0 (1550) 0.001

Practice facility type
Hospital 12.4 (11,137) 12.9 (1429) 12.4 (9708) 0.160
Doctor office 84.1 (75,300) 82.9 (9223) 84.3 (66,077) < 0.001
Other 1.4 (1285) 1.8 (199) 1.4 (1086) 0.001
Missing 2.0 (1821) 2.4 (271) 2.0 (1550) 0.001

Practice location
Calgary 36.8 (32,977) 35.3 (3925) 37.0 (29,052) < 0.001
Central 10.7 (9609) 10.5 (1163) 10.8 (8446) 0.319
Edmonton 31.5 (28,178) 31.1 (3463) 31.5 (24,715) 0.423
North 11.8 (10,531) 13.6 (1513) 11.5 (9018) < 0.001
South 6.9 (6211) 6.9 (768) 6.9 (5443) 0.892
Missing 2.3 (2042) 2.6 (290) 2.2 (1752) 0.014

Data are presented as % (n) except where otherwise noted.
*Other hypertension medications: ACEI, ARB, CCB, b-blocker, and other antihypertensive medication.
yOther prescribers include pharmacists and nurses who were trained and authorized to write prescriptions.
zClinical workload indicates the proportion of days physicians billed in one year.

Table 3. Association of patient and physician characteristics and the likelihood of receiving an antihypertensive medication other than thiazide for
uncomplicated incident hypertension 2012-2017

Characteristic OR

95% CI

PLower bound Upper bound

Patients’ biological sex
Male 1.67 1.59 1.75 < 0.001
Female Reference

Provider type
Specialist 1.84 1.62 2.09 < 0.001
General practitioner Reference
Missing 1.27 0.51 3.21 0.608

Providers’ years of practice
0-5 Years 0.82 0.73 0.92 0.001
6-10 Years 0.76 0.67 0.87 < 0.001
11-15 Years 0.77 0.66 0.88 < 0.001
16-20 Years 0.91 0.77 1.07 0.257
�20 Years Reference
Missing 0.10 0.01 0.85 0.035

Providers' clinical workload*
� 25% Reference
26%-60% 1.40 1.14 1.72 0.001
> 60% 1.99 1.61 2.44 < 0.001
Missing 9.19 0.94 4.11 0.057

Constant 0.20 0.16 0.24 < 0.001

CI, confidence interval; OR, odds ratio.
* Clinical workload indicates the proportion of days physicians billed in one year.
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Figure 2. Share of antihypertensive prescriptions vs the associated estimated expenditure.
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approximately 20% of all hypertensive prescribing across all
provinces and across time (from 1996 to 2006).28 These
previous observations might suggest that Canada’s use of
thiazides has historically been lower than other countries, and
that, at least within Alberta, thiazide use might have declined
even further since 2006.

Similarly, in a previous study in Alberta, it was reported
that ACEIs consistently represented approximately 30% of
the prescriptions written for hypertension from 1996 to
2006,28 which might suggest that ACEI use in the province
has increased considerably since then (now approximately
44%). Although in the current study we observed the highest
Figure 3. Savings per first prescription per percentage of patients who star
converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calciu
level of reliance on ACEIs in Alberta to date, it is important to
acknowledge that there is some precedent for such levels
internationally; ACEIs have previously represented more than
40% of hypertension drug utilization in Germany, Italy, and
the United States.27

Our study showed that disproportionately high expendi-
tures on ACEIs was largely because of the high number of
those prescribed perindopril erbumine or trandolapril, which
were under patent protection with only brand-name versions
available during our observation window. The same was also
true for brand-name olmesartan medoxomil, which was the
most commonly prescribed ARB. Generic equivalents of other
ted receiving thiazides, April 2012 to March 2017. ACEI, angiotensin
m channel blocker.
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ACEIs and ARBs were available, but these brand name
products were dispensed, nonetheless. Today generic equiva-
lents of perindopril erbumine, trandolapril, and olmesartan
are available and eligible for automatic substitution, but these
generic versions remain at 6.3, 6.3, and 9.7 times more costly
than thiazides, respectively. Other generic ACEIs and ARBs
are less costly, but still more compared with thiazides. The
most commonly prescribed generic ACEI (ie, ramipril) and
ARB (ie, valsartan) remain 2.5 and 6.7 times more expensive
than the most commonly prescribed thiazide (ie, hydrochlo-
rothiazide), respectively. Nevertheless, we acknowledge that
now with generic entry occurring for these frequently pre-
scribed drugs (ie, perindopril erbumine, trandolapril, and
olmesartan), the magnitude of differences between drug class
expenditures has likely been markedly reduced relative to
those observed during this study’s observation window,
especially now that within-class substitution was recently
implemented in Alberta’s public programs for ACEIs (as well
as CCBs).29,30

Automatic between-class substitution does not currently
exist in Alberta when it comes to drugs for treating uncom-
plicated hypertension. A number of intricacies exist between
these drugs classes, which make interchangeability beyond
generic substitution challenging. Dosing equivalencies need to
be established from clinical evidence and trial outcomes,
which can be confused by differing dose frequency, titration
requirements, subgroup differences, as well as varying levels of
renal function and individual disease states.31 Furthermore,
the range of side effects and risks are not the same for the
therapeutic agents, particularly when individual patient factors
are considered.32 For example, patients with atrial fibrillation
are more often prescribed medications for rate control (such as
b-blockers and nondihydropyridine CCBs), which is a
compelling clinical indication to started treatment with a
medication that is not a thiazide diuretic. Because of these
important nuances, automatic substitution with other drugs
between classes might not be advisable. For this reason, we
have been careful to not suggest that all patients should started
treatment with thiazide monotherapies, but rather that, thia-
zides might be a very suitable treatment option for more pa-
tients than are currently being prescribed.

Because of challenges such as these with between-class
interchangeability, should an intervention be considered to
encourage the use of thiazide or thiazide-like diuretics (or
other less expensive treatment options) where appropriate
within this context, those that provide drug price information
to prescribers at the point when treatment decisions are being
made might be preferable to policy approaches that would
mandate switches. Physicians and other prescribers rarely
interact with pricing data in their daily practices and have
been shown to be poor predictors of drug prices.8 In-
terventions that create electronic prompts or display pricing
information and/or less expensive alternatives when pre-
scriptions are written have shown success elsewhere in
encouraging price-conscious prescribing while still achieving
similar outcomes, particularly when these tools can provide
personalized feedback and reporting.9-11,33 Other comple-
mentary education-based approaches might include booster
courses on available antihypertensive pharmacotherapies and
their relative costs. These might prove effective, particularly if
focused on primary care providers who are most often
positioned to initiate treatment by writing a patients’ first
prescription.

However, we acknowledge that our study has several
important limitations. First, our study did not consider the
associated health care utilization costs, which might result
later because of side effects of the different antihypertension
drug classes, each of which have their own risk profiles (eg,
increased risk of thiazide-induced hyponatremia,34-36 risk of
hyperkalemia, and reduced glomerular filtration rate with
ACEIs and ARBs37,38). The costs of these side effects might
vary among hypertension drug classes.39 Relatedly, the fact
that thiazides were prescribed to a small proportion of patients
might reflect the perception that they are less well tolerated by
patients compared with newer agents; therefore, for a mean-
ingful shift toward increasing reliance on thiazides to occur,
more than just drug cost savings will need to be shown with
compelling empirical and scientific rigour. Although this
matter was deemed beyond the scope of our current study, it
will be a valuable next step for future research and is required
before recommending any of the aforementioned in-
terventions to increase thiazide use. This work might also
bring insight to other open questions regarding important
differences that might exist between populations’ (eg, sex,
race) responses to different hypertension drugs and dosing
regimens, including thiazides and thiazide-like drugs.21,40,41

Second, in our study we considered monotherapy only.
Other studies have noted that after initial treatment with a
thiazide, many patients will soon need to use an additional
antihypertensive medication,16 which was a key finding in a
number of clinical trials.42-48 Some practitioners might initiate
pharmacotherapy with single-pill combinations with this in
mind; whereas such an approach is supported by guideline
recommendations and earlier initiation of combination ther-
apies might be one instance in which cost savings with
equivalent therapeutic effect is possible, our study was focused
on prescribers who take a comparable approach in using
monotherapy to initiate antihypertensive treatment. Future
research might address cost-effectiveness of combination
therapies.

Third, because of our focus on system-level drug costs, our
cost estimates do not include pharmacist dispensing fees,
which patients pay out-of-pocket (in contrast to the
previously-mentioned ACFP reports). Furthermore, our cost
estimates do not factor in rebates and are exclusively on the
basis of Alberta Health Blue Cross’ formulary prices. Because
the size of rebates are kept in confidence between payor and
suppliers and because the actual negotiated prices might vary
according to insurer,49 the exact absolute amount of possible
savings through more price-conscious prescribing might also
vary to some extent. That said, our study has also provided
relative estimates of possible savings (eg, the most commonly
prescribed brand name ACEIs are 6.3 times more expensive
than the most commonly prescribed thiazide), an indicator
that might be less sensitive to variation because rebate and
price variations apply equally to all drug classes, and brand
and generic drugs regardless of insurer.

In conclusion, the choice between guideline-recommended
monotherapies for treating incident, uncomplicated hyper-
tension carries very different cost implications, particularly at
the system level for larger populations and considering that
the initial prescription sets precedent for many patients’ care
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going forward. Our finding that only 12% of Albertans were
prescribed thiazides as first-line treatment suggests that there
might be opportunity for drug cost savings by increasing use
of thiazides and thiazide-like diuretics when appropriate.
However, before recommending interventions to increase
thiazide use, more research is needed to investigate the relative
risk of adverse events and side effects across the 5 drug classes
and whether the costs associated with managing those risks
might offset any shorter-term drug cost savings gained
through changing initial prescribing patterns.
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