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Abstract

Background: Despite the existence of efficacious medications, many patients in ac-
tual practice remain with uncontrolled hypertension. Randomized clinical trials,
cannot address this issue well given their highly restricted environment. This
paper examines persistence with antihypertensive therapy among patients in ac-
tual practice.

Methods: Cohort study of patients who received a diagnosis of hypertension and
were treated between 1989 and 1994 identified through the Saskatchewan
Health databases. Patients with concurrent diagnoses likely to affect initial treat-
ment choice were excluded. The resulting population of 79 591 subjects was
grouped into those with established hypertension (52 227 [66%]) and those with
newly diagnosed hypertension (27 364 [34%]). The initial antihypertensive pre-
scription, subsequent changes in treatment and persistence with antihyperten-
sive therapy were analysed.

Results: Persistence with antihypertensive therapy decreased in the first 6 months
after treatment was started and continued to decline over the next 4 years. Of
the patients with newly diagnosed hypertension, only 78% persisted with ther-
apy at the end of 1 year, as compared with 97% of the patients with established
hypertension (p < 0.001). Among those with newly diagnosed hypertension,
older patients were more likely than younger ones to persist, and women were
more likely than men to persist (p < 0.001).

Interpretation: This analysis of actual practice data indicates that barriers to persis-
tence occur early in the therapeutic course and that achieving successful ther-
apy when treatment is started is important to maintaining long-term persistence.

Résumé

Contexte : Même s’il existe des médicaments efficaces, dans la réalité, beaucoup
de patients continuent de vivre avec une hypertension non contrôlée. À cause de
leur environnement très restreint, les études cliniques randomisées ne peuvent
pas bien répondre à ce problème. On examine dans ce document dans quelle
mesure les patients persévèrent et suivent une thérapie aux antihypertenseurs
dans la réalité.

Méthodes : Étude de cohortes de patients chez lesquels on a diagnostiqué une hy-
pertension et qui ont été traités entre 1989 et 1994, repérés dans les bases de
données du ministère de la Santé de la Saskatchewan. On a exclu les patients
chez lesquels d’autres diagnostics simultanés pouvaient jouer sur le choix du
traitement initial. On a regroupé les 79 591 sujets en groupes dont l’hyperten-
sion était déjà établie (52 227 [66 %]) et chez lesquels on venait de diagnosti-
quer une hypertension (27 364 [34 %]). On a analysé l’antihypertenseur prescrit
initialement, les modifications subséquentes du traitement et la persévérance
avec laquelle les sujets ont suivi la thérapie aux antihypertenseurs.

Résultats : La persévérance avec laquelle les sujets ont suivi le traitement aux anti-
hypertenseurs a fléchi au cours des six premiers mois qui ont suivi le début du
traitement et continué à fléchir au cours des quatre années suivantes. Parmi les
patients chez lesquels on venait de diagnostiquer une hypertension, 78 % seule-
ment suivaient toujours le traitement à la fin de la première année, comparative-
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Hypertension is the single most common and
most important risk factor for cardiovascular
disease.1,2 Continuous drug treatment has been

found to decrease the rates of both death and sickness as-
sociated with hypertension.3–7 Numerous medications are
currently available for hypertension treatment, all with
similar efficacy in lowering blood pressure and compara-
ble rates of side effects in clinical trials.8 Despite this, 
several surveys have shown that many patients have diag-
nosed, but uncontrolled, hypertension.9–11 Lack of adher-
ence to treatment has been postulated as a potentially 
important reason for this finding.12–14

The consequences of lack of adherence to treatment
cannot be easily understood from clinical trial data because
the tight control imposed in trials may artificially increase
compliance.15 Although some studies of adherence in ac-
tual practice have been done, they have generally suffered
from at least one limitation: populations that mix patients
who have established hypertension with those who have
newly diagnosed hypertension, short follow-up, small sam-
ple or failure to exclude patients with coexisting illnesses
that may affect treatment decisions.16–21 One recent study
was not hampered by these problems, but it focused on an
elderly population insured through Medicare in the
United States.22 Another study considered only 2 classes of
hypertensive medications, calcium-channel blockers and
angiotensin-converting-enzyme (ACE) inhibitors.23

Our study was designed to examine persistence with
antihypertensive treatment among patients in actual prac-
tice. In this paper we describe the source population and
its context, the databases used and the methods imple-
mented to deal with the problems encountered in work-
ing with databases of this type. We report on persistence
with antihypertensive therapy and its relation to age, sex
and previous use of health care resources.

Methods

Source population and environment

We conducted the study using the health care databases
managed by Saskatchewan Health.24 These extensive, electron-
ically linked health data25 pertain to residents covered by
provincial health insurance. Apart from Native Canadians,

who are not included in the outpatient drug database, less than
1% of the remaining residents are not covered. Approximately
76% of families are standard (deductible and copayment) ben-
eficiaries; the remainder qualify for increased drug plan bene-
fits based on factors including income, disability and emer-
gency assistance.

There were 3 deductible rates for the prescription drug plan
during the period of this study.26 For families, the deductible
increased from $125 annually before May 1992 to $190 semi-
annually until March 1993. For single seniors it went from $50
annually to $50 semiannually, and for senior families from $75
annually to $75 semiannually. After March 1993 the deductible
for all groups increased to $850 semiannually. For seniors in
special support programs the deductible may be reduced. Co-
payment for standard beneficiaries also changed: from 20% be-
fore March 1991 to 25% until May 1992 and then to 35% with
a $375 maximum until March 1993; after this time the copay-
ment was 10%. In addition, as of March 1991, coverage for
brand-name drugs was limited to the price of the least expen-
sive drug within an interchangeable group, and in 1991 a limit
of 3 refills within 45 days was implemented.

Cohort definition

Patients who received at least 1 antihypertensive prescrip-
tion between Jan. 1, 1989, and Dec. 31, 1994, were identified.
The date of the first prescription was defined as the index
date. Men and women were eligible if, at the index date, they
were 40 years or older and had a recorded diagnosis of essen-
tial hypertension (codes 401, 401.1 and 401.9 in the Interna-
tional Classification of Diseases, ninth revision [ICD-9]27) but
not hepatic, renal or other cardiovascular disease. Subjects
who were pregnant at the index date were excluded.

By examining the data for the first 10 months of 1989, we
classified patients as having established or newly diagnosed hy-
pertension. If there were prior prescriptions, a patient was as-
signed to the established hypertension group, with a start date
of Nov. 1, 1989. Otherwise the patient was considered to have
newly diagnosed hypertension, the start date being the index
date. For both groups, the date of emigration from the
province, the date of death or Dec. 31, 1994, whichever came
first, was the end date. Individual observation time was calcu-
lated as the number of days between the start and end dates.

Data collection

For all eligible subjects the database was searched for all
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ment à 97 % des patients qui avaient une hypertension établie (p < 0,001).
Parmi les sujets chez lesquels on venait de diagnostiquer une hypertension, les
patients plus âgés étaient plus susceptibles de persévérer que les plus jeunes, et
les femmes l’étaient plus que les hommes (p < 0,001).

Interprétation : Cette analyse de données tirées de la pratique réelle indique que
des obstacles à la persévérance font leur apparition au début du traitement et
que la réussite au début du traitement joue un rôle important dans la per-
sévérance à long terme.
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dispensings of an antihypertensive drug during the study pe-
riod. The resulting 3 878 100 records identified the antihyper-
tensive medication by its generic name and American Hospital
Formulary Service classification, the dispensing date, quantity,
strength and drug form, unit drug price and no-substitution
indicator. Although information on the actual prescription
(e.g., posology) was not included, for convenience these will be
termed “prescriptions” in this paper.

Similar data were also obtained on 4 842 865 prescriptions
for drugs other than antihypertensive agents received by the
patients, and information was collected on all doctor visits
(5 766 292 records) and hospital admissions (157 748 records).

Apart from eligibility data, we also obtained information
on the date of diagnosis of hypertension and the date that
health benefits started. Information on blood pressure was
not available.

Regimen reconstruction

The actual antihypertensive regimen was not specified.
For example, two sequential records for different antihyper-
tensive agents may mean that the second drug was added or
may mean a switch. To reconstruct the regimens, we devel-
oped a computer program that used information on dispens-
ing date, amount dispensed, type of drug and tablet scoring
combined with the estimated minimally effective dosage and
maximum daily dosage. The logic is illustrated in Fig. 1 for a
simplified case. For this case, from the 14 records showing
dispensings of 3 agents, the computer program deduces 4 reg-
imens: A alone, then A in combination with B, then B alone,
and, finally, C alone.

If the computer algorithm could not settle on a regimen or
if the result appeared highly unusual (e.g., regular frequent cy-
cles of noncompliance), the crude data were examined directly
by 2 internists (J.J.C. and M.S.). A graphic sequence of pre-
scriptions and hospital admissions for the patient was dis-
played along a time axis to allow for visual inspection of the
relation of various dates. The regimen reconstruction rules
were refined after these time series were examined. The final
computed regimens were verified by visual inspection on a
sample of 100 test cases and on all outliers.

Once the regimens were determined, it was possible to
consider the therapeutic course in terms of any changes, such
as additions, switches and deletions, in the pattern of regimens
as well as gaps in medication availability. The lower panel of
Fig. 1 shows the therapeutic course for a hypothetical patient.

To determine whether a patient persisted with antihyper-
tensive therapy, we examined the last recorded prescription in
relation to the end date. Patients who did not have a medica-
tion to take at that time were considered nonpersistent. For
those whose antihypertensive regimen consisted of more than
1 drug, this possibility was considered only if they ran out of
all antihypertensive medications. By considering the maximum
dosage, the analysis allowed for the accumulation of medica-
tion for later use. For example, this could happen if a patient
received 2 prescriptions of the same drug on the same day
(perhaps to take on vacation). As drugs dispensed in a hospital

are not recorded in the database, we used hospitalization
records to determine whether admission explained the non-
persistence.

The longer the discontinuation, the more likely it is to be
permanent. Thus, we examined the influence of varying grace
periods on the results. The reasons for nonpersistence, includ-
ing whether it followed the physician’s advice, could not be
determined. Also, for patients deemed persistent, we could not
be sure that they actually took the medication as prescribed.

Statistical analysis

We performed all statistical analyses using SAS-Windows
(version 6.12, SAS Institute, Inc., Cary, NC). We used χ2

analysis, Student’s t-test and analysis of variance where appro-
priate. Since patients began treatment at different times dur-
ing the study period and, thus, were followed for differing
lengths of time, we used Kaplan–Meier failure time analyses28

to estimate the cumulative persistence rates, with patients be-
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Fig. 1: Drug regimen reconstruction and definition of changes
illustrated for a hypothetical patient. Top panel shows dis-
pensing of drugs A, B and C. The height of each vertical line
reflects the amount of drug dispensed, and the diagonal arrow
shows its predicted consumption. The regimens deduced from
these records are depicted in the centre bar. The bottom
panel shows the changes in regimen and their time course.
There is a gap in compliance between the third and fourth
regimens. The final period of noncompliance lasts until the
end of observation and therefore is defined as nonpersistence.



ing censored at the end of their observation time if they still
persisted with therapy. The log-rank test was used for com-
parisons. In analyses in which only persistence over a defined
period was considered, we used logistic regression to examine
the effects of several determinants simultaneously. One impor-
tant factor that may affect the likelihood of persistence is
health status. We used 3 measures of health status: the number
of physician visits, the number of hospital admissions and the
number of prescriptions for drugs other than antihypertensive
agents in the year before the index date or, for patients with
newly diagnosed hypertension, the year before starting ther-
apy. In addition to these factors, we also considered age and
sex in the analyses. All continuous factors were modelled with
the use of indicator variables.

Results

Study population

We obtained data for 79 602 subjects, of whom 11
were excluded because their diagnosis was malignant hy-

pertension (ICD-9 code 401.0). Of the remaining 79 591
patients, nearly two-thirds (62%) were women, and a sim-
ilar proportion were 60 years of age or more (median age
65 years). A total of 27 364 patients (34%) had newly di-
agnosed hypertension. The mean observation period for
the latter patients was 1015 (standard deviation 544) days
(range 1 to 1887 days), a total of 76 055 person-years of
observation. The mean observation period for the pa-
tients with established hypertension was 1742 (standard
deviation 365) days (range 1 to 1887 days), a total of
249 121 person-years. In analyses of persistence, only the
74 181 patients followed for at least 1 year were included.
Of these, 22 875 had newly diagnosed disease.

Patients with established hypertension tended to be
older than those with newly diagnosed hypertension
(median age 66 years v. 63 years) (p < 0.001) and to be
female (65% v. 57%) (p = 0.001). There were 7164
deaths, most (80%) among patients with established hy-
pertension. In terms of prior health status, more patients
in the established group had 12 or more physician visits
(Fig. 2). In both groups, advanced age (60 years or more)
and female sex were associated with worse prior health
status in terms of a higher rate of resource use (p < 0.05).

Index regimens

During the study period the Saskatchewan formulary
consisted of 56 different antihypertensive medications: 12
diuretics, 9 β-blockers, 6 calcium-channel blockers, 7
ACE inhibitors, 10 combination medications and 13
other agents. Among the patients with newly diagnosed
disease, diuretics were the most frequent index regimen
(38%), and ACE inhibitors were the next most frequent
(28%). A total of 13% of the patients began with a cal-
cium-channel blocker, and 11% with a β-blocker. Other
medications accounted for the remaining 10%. Tri-
amterene and hydrochlorothiazide combined in one
tablet was the single most common index regimen (17%).

Among the patients with established hypertension, di-
uretics were also the most common index regimen
(34%). Regimens consisting of 2 or more drugs were the
second most common (27%). ACE inhibitors, β-block-
ers and single-tablet combinations each accounted for
about 10% of the index regimens, and calcium-channel
blockers and other drugs accounted for the remainder.

Persistence

The patients with established hypertension generally
persisted with therapy throughout the study period: 97%
were persistent at 1 year and 82% at 4.5 years. Persistence
was much lower among those with newly diagnosed dis-
ease (78% and 46% respectively) (p < 0.001) (Fig. 3).
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Fig. 2: Number of physician visits, hospital admissions and
prescriptions for medications other than antihypertensive
agents among 27 364 patients with newly diagnosed hyper-
tension (N) in the year before beginning antihypertensive
therapy, and among 52 227 patients with established hyper-
tension (E) in the first year of observation.



Among the patients with newly diagnosed hyperten-
sion, women were more persistent than men, but the gap
closed with time: at 1 year, 80% of women and 77% of
men were persistent, but at 4.5 years the corresponding
values were 47% and 46% (p < 0.001). There was a simi-
lar difference between older and younger patients: 79% v.
77% at 1 year, and 47% v. 45% at 4.5 years (p < 0.001).

Logistic regression analyses of persistence through the
first year confirmed that patients with established hyper-
tension were much more likely to persist with therapy
than those with newly diagnosed disease (odds more than
10-fold higher) (Table 1). The other factors exerted much
less influence. Although both age and sex remained signif-
icant, the effect was relatively small. As might be expected,
patients who visited the doctor frequently or had many
other prescriptions in the prior year were more likely to
persist with therapy, even if they had newly diagnosed hy-
pertension.

In these models, nonpersistence is considered a perma-
nent condition. It is possible, however, that some patients
resume filling prescriptions for antihypertensive therapy
after the observation period. The shorter the period of
nonpersistence, the more likely it may have been only a
temporary gap between prescriptions. The mean duration
of nonpersistence was substantial, however: 846 (median
571) days for the patients with newly diagnosed hyperten-
sion and 1538 (median 1885) days for those with estab-
lished hypertension. In both groups, less than 1% had a
period of nonpersistence of less than 14 days (0.5% for
the newly diagnosed group and 0.2% for the established
group). Removing the data for these patients from the
analyses did not alter the significance or direction of the
results.

Interpretation

We found persistence with antihypertensive pharma-
cotherapy in actual practice to be remarkably poor within
5 years after treatment was started. As expected, patients
with newly diagnosed hypertension were much less likely

to persist with therapy. Among the patients with newly di-
agnosed disease, women and older patients were more
persistent initially.

For this report we analysed information on prescrip-
tions for over 79 000 patients. There are advantages to
using this prescription database. It provides a wealth of
information about a population that is relatively stable,
as emigration and immigration are monitored to ensure
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Age ≥ 60 yr 1.11
Hospital admission 0.75
> 5 physician visits in previous yr 1.59
> 3 other prescriptions in previous year 1.29 (1.21–1.39)

Group; odds ratio (and 95% confidence interval)

(1.78–2.11)
(0.74–0.87)

(1.22–1.37)

Characteristic
All patients
n = 74 181

(1.48–1.71)
(0.70–0.81)
(1.05–1.18)

Established hypertension 10.73
(1.10–1.23)

(10.01–11.49)
Female sex 1.16

(1.01–1.16)
(1.03–1.18)

1.30
1.93
0.80
1.08
1.10

–

Patients with newly
diagnosed hypertension

n = 22 875

Table 1: Odds ratio of persistence with antihypertensive drug therapy through the first year
for patients in Saskatchewan, 1989–1994

Fig. 3: Cumulative rate of persistence with antihypertensive
therapy for the 2 groups. The table shows the number of pa-
tients who stopped persisting each year and the number of pa-
tients observed at least that long. Patients who persisted with
therapy to the end of their observation time were censored on
the last day of their follow-up.

Time, yr

C
um

ul
at

iv
e 

pe
rs

is
te

nc
e 

ra
te

, %

Established
Not persistent 1 372 2 900 1 567 2 124
n 50 149 46 244 43 573 40 171
Newly diagnosed
Not persistent 5 869 1 985 1 431 1 182
n 18 460 13 616 9 359 4 877



complete health plan coverage.25 Extensive validation of
the database has been reported.29–31

There are limitations though. Some important infor-
mation is not available in this administrative database.
The demographic information is limited to age and sex.
No individual patient information was available on fac-
tors such as income, ethnic background or risk factors
for heart disease. Whether these modify persistence with
drug therapy is unclear.

Most important, although the ICD-9 diagnosis of hy-
pertension was included in the database, blood pressure
measurements, at diagnosis or during follow-up, were
not available. Therefore, we were unable to relate per-
sistence with therapy to blood pressure control. It is
widely recognized, however, that discontinuation of an-
tihypertensive therapy often leads to uncontrolled hy-
pertension,32 and, thus, these patients are at greater risk
for a cardiovascular event.

Because information about deaths and migrations was
included in the analysis, it is unlikely that nonpersistence
can be explained by a failure to account for patients who
have left the province. It is possible, however, that some
patients did not persist with therapy for quite good rea-
sons. If hypertension resolves gradually, the physician may
stop treatment soon after starting it. This may occur 
because of biologic variability, measurement error or
“white-coat hypertension.” To reduce this possibility, it is
currently recommended that physicians obtain several
blood pressure measurements on at least 2 occasions.33,34 It
is not possible to know how regularly this was done in the
study population. Nevertheless, it seems unlikely that this
early resolution would entirely explain the significant
numbers of patients who stopped drug therapy.

The patterns that we observed are unlikely to be
unique to the population of Saskatchewan. Residents of
this province are similar in incidence of heart disease to
other populations in North America and Europe.25,35

Moreover, there is no reason to believe that the practice
patterns are unusual.

Although there are limitations to the data in our analy-
ses, the results indicate a degree of nonpersistence too
large to attribute solely to these limitations. The desired
goal of keeping hypertensive patients on treatment is not
being achieved adequately in actual practice. Our analyses
emphasize the importance of maximizing the likelihood of
successful early treatment of hypertension and thus in-
creasing the proportion of patients taking medication over
the long term. Until this is achieved, we will continue to
fail in meeting this important public health goal.
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