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ABSTRACT

BACKGROUND

Although antihypertensive pharmacotherapy is widely considered to reduce the
premature mortalities and comorbidities associated with hypertension, no consensus has
yet been reached as to the appropriate choice of first-line medication. Knowledge of
existing prescription patterns in the treatment of newly-diagnosed hypertension can provide
useful information for improving clinical practice.in this field. The aims of this dissertation
are to determine the prescription patterns and time trends-for antihypertensive medication in
newly-diagnosed cases of uneomplicated hypertension in Taiwan and to compare these with
current clinical guidelines. Furthermqrg, vvlie%?i)'nducted an outcome research to assess the

risk of stroke associated with?, various antihypertensive . drugs among previously

uncomplicated hypertensive patients.

METHODS

First, a total of 6,536 newly-diagnosed patients with uncomplicated hypertension, aged over
30 years, were identified from the representative 200,000-person sample in the
computerized reimbursement database of the National Health Insurance in Taiwan.
These patients were followed from 1998 to 2004 with all diagnoses, prescription data
and medication charges being retrieved for subsequent analysis.

For the outcome research of antihypertensive treatment, another retrospective

vii



cohort study was undertaken, covering the period from 1997 to 2004, on a
1,000,000-person random sample obtained from Taiwan's National Health Insurance
reimbursement database. Between January 1999 and December 2004, 29,759 patients
aged 30 years or older were identified as newly-diagnosed uncomplicated hypertensive
cases. They were followed up until the end of 2004. A time-dependent Cox’s

proportional hazards model was specified to analyze the risk of stroke development.

RESULTS
Prescription patterns varied by age, gender and clinieal facilities, with mono-therapies being

found to be dominant in the first year, albeit declining over time. Calcium channel blockers

(T
-

and beta-blockers were the most frequently:-p_rescribed antihypertensive drugs, either alone
or in combinations. Although least exf)eﬁsive, the prescription rates of diuretics were low, at
8.3% for mono-therapies and 19.9% overall. The prescription rate for angiotensin receptor
blockers was elevated considerably over time. After controlling for other related factors by
multiple logistic regression analysis, angiotensin receptor blockers were found to be
prescribed mainly by medical centers or regional hospitals.

Among the 29,759 uncomplicated hypertensive patients in the 1,000,000-person
random sample of NHI reimbursement database, 1,078 new cases of stroke were
identified and followed up for at least one month during the study period, including 654
ischemic stroke cases. After adjustment for various risk factors, the hazard ratio of

viii



developing stroke was significantly higher for poor medication compliance (hazard ratio
1.5-1.9), old age, male, and comorbid diabetes mellitus and/or other heart diseases.
Different categories of antihypertensive medications were not associated with
differential effects on stroke development.

In the subsequent analysis, we found that patients receiving pharmacotherapy with
beta-blockers were 1.3 (95% confidence interval 1.0-1.6) times more likely to develop
ischemic stroke than those who had been treated with other types of antihypertensive

medication.

CONCLUSIONS A
%

The above findings indicate the existence of aﬁgap between.current clinical practice and
the desired goal of cost-effectivenééé in antihypertensive treatment in our country,
which should be corrected. Poor medication_compliance is a key determinant of
developing stroke among hypertensive patients. Our research suggests that there has
been no differential effect of antihypertensive medication on overall risk of stroke,
whereas beta-blockers might be associated with more ischemic stroke. Further studies

are needed to corroborate this hypothesis.

Keywords: antihypertensive therapy; beta-blocker; compliance; cost-effectiveness;

National Health Insurance; pharmacoepidemiology
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1. BACKGROUND

1-1 ANTIHYPERTENSIVE PHARMACOTHERAPY

Hypertension, a leading contributor to the global burden of diseases, continues its upward
growth trend [1-4]. Poor control of this highly prevalent health concern can lead to the
development of ischemic heart disease, stroke, heart failure or renal failure [3-7].
Numerous studies have shown that antihypertensive pharmacotherapy can effectively
reduce the number of premature mortalities and-comorbidities associated with hypertension
and that good adherence to; treatment promotes theeffective prevention of various

cardiovascular risks including stroke development [8+11].

&
|

As a result of various' clinical _trials and studies, a range of clinical guidelines on
antihypertensive treatment have been bublished over 'the past decade [12-18]. Based on
clinical evidence and cost-effectiveness [19-21], guidelines developed by the Joint National
Committee (JNC) in the United States [13] and the National Institute for Health and
Clinical Excellence (NICE) in the United Kingdom [15] recommended that diuretics
(particularly thiazide-type diuretics) should be the drug of first choice for patients with no
compelling indications. However, the results of various studies have shown that adherence
to such clinical guidelines and recommendations are not at all uniform; indeed, they have

been found to vary by time period and country, and by the characteristics of patients and



physicians [22-27].

1-2 HYPERTENSION IN TAIWAN
Along with its comorbidities, hypertension related conditions have accounted for almost a
third of the total causes of death in Taiwan in recent years [28]; and indeed, in 2003 the total
pharmaceutical expenditure on antihypertensive medication was US$0.32 billion,
accounting for approximately 27% of the overall annual outpatient pharmaceutical
expenditure on western-style medicines [29].

Taiwan’s National Health Insurance (NHI) has noet yet established a definite guideline
for antihypertensive drug therapy. Given trﬁ enormous grthh in healthcare expenditure

within the NHI (from US$13.9'billion in 1597 to|WS$20.5:billion in 2005) [30] and the

limited resources for healthcare, there_is-a'clear. 'need. to explore physicians’ practices,

including prescription trends, in antihypertensive and other therapies [31,32].

1-3 STROKE AND HYPERTENSION

The incidence rate of stroke in Taiwan is higher thanthose reported in many western
countries [33]. Cerebrovascular disease represents the second highest cause of death in
Taiwan; at a mortality rate of 57.8 per 100,000 persons per year, this is even higher than
the death rate for heart disease. Hypertension has been found to be the main modifiable

risk factor for stroke [8,34], and although there have been studies examining the



incidence of stroke in Taiwan, the current data on risk assessment of stroke in
hypertensive patients appear to be inadequate.

More importantly, several earlier studies have indicated higher incidences of stroke
in hypertensive patients treated with beta-blockers than those treated with alternative
drugs [35-40]. Consequently, it would seem important to assess whether such an
association exists in regular daily practice, since the decisions for treatment in the real

world are very complex.

1-4 NATIONAL HEALTH INSURANCEREIMBURSEMENT-DATABASE
The computerized reimbursement-data. from the National Health Insurance (NHI)

in Taiwan provides us with.a vaIuabIeopﬁd}@unity to assess the real practice patterns of
antihypertensive pharmaceutiéal thérapies. The NHI program, which is a mandatory
nationwide health insurance system, was-implemented in Taiwan in March 1995. In
contrast to the NHI systems of many Western nations, patients in Taiwan are free to
choose care providers in a free and competitive healthcare market.

Given that the NHI coverage rate continues to rise, from 96.2% in 2000 to 98.3%
in 2006, it is clear that almost the entire population of Taiwan is now covered by the

system [41] and the total amount of out-of-pocket payments would be very low.

Therefore, our study cohort, based on a nationwide representative random sample,



should be suitable for evaluating the relative safety of antihypertensive pharmaceutical

therapies in the real world.




2 OBJECTIVE

The scope of this doctoral thesis involves exploring the pharmacoepidemiology of
antihypertensive medication as well as the outcome evaluation for pharmaceutical
therapies among the newly-diagnosed uncomplicated hypertensive patients based on the
National Health Insurance reimbursement database.

The objectives of the first part are to determine antihypertensive medication
prescription patterns and time trends among newly-diagnosed cases of uncomplicated
hypertension in Taiwan, to attempt.to identify the determinants of the choice of first-line

drug therapy, and to investigate thespharmaceutical costs associated with different
=

&

antihypertensive agents. 1
Following the above study, we conducted.an outcome research to assess the risk of
stroke development among the newly-diagnosed uncomplicated hypertensive patients

treated with different antihypertensive drugs in the NHI reimbursement database.



3 PHARMACOEPIDEMIOLOGY OF ANTIHYPERTENSIVE
DRUGS IN TAIWAN

3-1 METHODS

Study Population

This study uses a 200,000-person representative random sample from the computerized
reimbursement database of the NHI, between January 1997 and December 2004. Details
on the gender and date of birth of the patients, the date of prescription, commercial names
of drugs, drug dosages/duration“and _costs for_each prescription are recorded in the

e

reimbursement files. = -

&
|

Patients initially identified were newly:diagnosed with essential hypertension on at
least three occasions, were being treafed for this cohdition, and had received their first
antihypertensive medication between 1 January 1998 and 31 December 2004. In order to
verify that a case was a new one, a period of at least one year was required (January to
December of 1997) without any treatment and/or diagnosis relating to hypertension.

To prevent potential confounding by comorbidities in the prescription patterns of
antihypertensive agents at different clinical facilities, patients diagnosed with suspected
diabetes mellitus, ischemic heart disease, diseases of pulmonary circulation, other forms

of heart diseases (including dysrhythmia and heart failure), stroke or renal diseases were



excluded from the sample. In order to ensure adherence to these criteria, any of the above
diagnoses may not have appeared in any hospitalization file prior to the patient having
been diagnosed as hypertensive, and the diagnoses may not have appeared more than
three times in ambulatory outpatient files. We discarded those diagnoses appeared only
once or twice in ambulatory outpatient files to exclude suspected or uncertain cases where

claims were filed to allow for further diagnostic examination.

Prescription Patterns of New Cases of Hypertension
All antihypertensive drug prescription records from ambulatory care claims and
prescriptions dispensed at contracted pharmacies were retrieved and analyzed for our

e

sample of newly-diagnosed_patients | aged 2?30 years. Patients were stratified by gender
and age, with age being split into tW(; sub-groups: fhe younger group (30-54 years of age)
and the older group (=55 years). The clinical facilitics were classified into four types,
medical centers, regional hospitals, local hospitals and primary care clinics, based upon
the level of medical care provided and the size of the institution as recognized by the NHI.

Antihypertensive drugs were categorized according to the 1999 World Health
Organization—International Society Hypertension Guidelines for the Management of

Hypertension (WHO/ISH, 1999) and the Seventh Report of the Joint National Committee

on Prevention, Detection, Evaluation and Treatment of High Blood Pressure (JNC 7)



[12,13]. Six major categories of antihypertensive drugs generally are available, including
angiotensin-converting enzyme (ACE) inhibitors, angiotensin receptor blockers (ARBS),
beta-blockers, calcium channel blockers (CCBs), diuretics, and others (all other
antihypertensive classes including alpha-blockers).

Prescriptions for a chronic disease in Taiwan, such as hypertension, most frequently
involved the prescribing of drugs for 28- to 90-day periods, which would allow the patient
visit a doctor every one to three months.,Since. each prescription may have contained
different combinations of drugs:and durations of medication, analysis of the data was

undertaken using the preseription rate~as calculated as'the number of prescriptions

>l
e

containing a specific antihypertensivg ageri’t_?ivided by the total number of prescriptions.
A comparison of the prescription. time frend \;\;as undertaken-for each year, beginning with
the first antihypertensive prescription.-Daily.drug-costs, excluding all pharmacy service
fees or other peripheral costs, were also calculated for each prescription. The drug costs
are set by the Bureau of National Health Insurance and universally applied to clinical

facilities regardless of their sizes.

Statistical Analysis
After being weighted by duration of medication, daily drug costs are expressed as

time-weighted means, while other results are expressed as means + standard deviation



(SD). The Chi-square test was carried out to determine the statistical significance of the
differences between the prescription rates, with the Cochran-Armitage test also performed
to assess the linear time trends over the sample period from the time of the initial
treatment. Means of daily drug costs were compared using the Student t-test. Finally,
multiple logistic regression analysis was performed to identify possible influential factors
as a result of the prescribing of a single class of antihypertensive medication as a
mono-therapy. SAS version 9.1 for Windows was.used for the analysis of all of the data in
this study. All tests were two-sided, and.aP-value of;<0.05 was considered statistically

significant. Whenever multiple’ comparisons were performed, Bonferroni adjustments

[
—

were made accordingly. ‘

3-2 RESULTS

The dataset contained a total of 15,835 patients over the age of 30 years who had
received their initial dose of antihypertensive drugs for essential hypertension between 1
January 1998 and 31 December 2004. Of this total, 9,299 were excluded on the basis
that one or more earlier comorbidities had been recorded. We were therefore left with a
total of 6,536 patients and 178,754 prescriptions for antihypertensive agents for
subsequent analysis.

Of the total sample of 6,536 patients, 3,268 (50.0%) were women and 49.3% was



>55 years old, with a mean of 55.9 and SD of 12.3 years. The mean follow-up duration
after the first prescription of antihypertensive medication was 42.8 + 27.2 months, while
the average number of overall prescriptions was 27.3 + 26.0. Each prescription included
1.64 £ 0.84 antihypertensive drugs prescribed for an average period of 22.3 + 10.5 days.
The mean number of actual medical visits over the entire period of study was 25.1 +

24.5.

Antihypertensive Prescriptions among Newly-Diagnesed Patients

Over half of the prescriptions for newly-diagnosed eaSes of uncomplicated hypertension
involved single antihypertensive drug thera}&y (n'=94,797; 53’.0%), with women and older

—_

patients receiving more mono-therapiesl.'ﬁ.r_Medical centers ‘and regional hospitals
prescribed more combination'thera[;ies, as comp‘ared with primary care clinics (Table
3.1). The percentage of mono-therapy treatments declined over time from the initial
diagnosis, whereas there was a gradual increase in the percentage of combination
therapies (Figure 3.1). The 10 most frequently prescribed antihypertensive regimens,
ranked in order of prescribing frequency, were as follows: CCBs (17.7%), beta-blockers
(14.5%), ACEIs (8.2%), CCBs + beta-blockers (7.7%), others (5.3%), diuretics (4.4%),

CCBs + ACEIs (4.0%), ARBs (3.0%), CCBs + ARBs (2.6%), beta-blockers + diuretics

(2.4%).

10



A summary of the total number of prescriptions for the different categories of
antihypertensive drugs is provided in Table 3.2, where it is shown that the most
frequently prescribed antihypertensive agents were CCBs (n = 92,574; 51.8%), with
beta-blockers as the second most frequently prescribed, followed by ACE inhibitors,
diuretics, others and ARBs.

The prescription rate for ARBs, which was the highest in medical centers (22.6%),
was almost five times the rate for primary. care clinics, and was also higher than the
prescription rate for ACE inhibitors and-diuretiCs. There 'was an increase with time in
the number of prescriptions for ARBS;»CCBs and diuretics, whereas the number of
prescriptions for ACE inhibitors remained'gtigble (Figure3.2).

Mono-Therapies for New Cases of Uncomplicatéd Hypertension

Among all of the mono-therapy: prescriptions, the most frequently prescribed
antihypertensive agents were CCBs (n = 31,711; 33.5%) and beta-blockers (n = 25,835;
27.3%). Older patients (aged over 55 years) were treated with CCBs more often than
younger patients, with beta-blockers being more frequently prescribed among the latter
group.

The prescription rates for beta-blockers were higher among women and younger

patients (P<0.0001), while the prescription rates for diuretics were higher among

11



women and older patients (P<0.0001). In contrast, ACE inhibitors and ARBs were more
frequently prescribed for younger patients. Medical centers and regional hospitals were
found to have prescribed ARBs much more often than primary care clinics (P<0.0001),
where the prescribing of ACE inhibitors was found to be much more common
(P<0.0001) (Table 3.3).

With the passage of time from the date of the initial therapy, there was a significant
increase in the prescription rate for ARBs; from 3.8% in the first year to 10.3% in the
seventh year (P<0.0001). There“was _also-an. increase over time in mono-therapies
comprising diuretics; however; theré was a,reduction ‘ever time in the trends for

mono-therapies involving beta-blockers d'r' Z&CE inhibiters (P<0.0001). The time trends

for mono-therapies are summarized inFigure 3.3.,

Daily Drug Costs for Different Antihypertensive Mono-Therapies

The daily costs for mono-therapy medication, in order from low to high, are as follows.
Diuretics were the cheapest with a mean of US$0.17, followed by beta-blockers
(US$0.27) and others (US$0.28). The costs for CCBs and ACE inhibitors were almost
the same (US$0.56), while the costs for ARBs, at a daily average of US$0.85, were
about five times those of diuretics. With the exception of the class of ‘other’ drugs, the

means of the daily drug costs did not vary significantly by gender, age or clinical
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facility.

Factors Associated with Initial ARB Mono-Therapy Prescriptions

As Table 3.4 shows, following adjustment by multiple logistic regression analysis, those
prescriptions involving ARBs as an antihypertensive mono-therapy were found to be
associated with subsequent diagnoses of diabetes mellitus (odds ratio (OR) = 1.5; 95%
confidence interval (Cl) 1.4-1.7), regional hospitals (OR = 3.6, 95% CI 3.3-3.9), medical
centers (OR = 5.8, 95% CI 5.3-6.2); and the periad afterthe year 2001 (OR = 2.4 for 2001-2,

and 4.5 for 2003-2004).
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4 STROKE IN PHARMACOTHERAPY ON
UNCOMPLICATED HYPERTENSIVE PATIENTS

4-1 METHODS

Study Population

We carried out a retrospective cohort study of a 1,000,000-person representative sample
obtained from the NHI Research Database, covering the period from January 1997 to
December 2004. The computerized reimbursement data file on the 21.4 million persons
currently covered by the NHIzincludes three major elements, inpatient claims, ambulatory

care claims and prescriptions dispensed at Contracted pharmacies. These provide details of

&
|

the patients’ gender and date of birth,_ p?escriﬁtion date, drug dosage/duration, commercial
names of drugs, and the cost for each p‘rescription.

Patients were identified as hypertensive patients if they had diagnoses of
hypertension on at least three occasions using the International Classification of Disease,
9th Revision, Clinical Modification (ICD-9-CM) coding system, and if they had
received their initial antihypertensive medication between 1 January 1999 and 31
December 2004. In order to enroll only new cases, we stipulated that there must be a
period of at least two years (January 1997 to December 1998) during which no

antihypertensive treatment and/or diagnoses relating to hypertension were recorded.
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Most physicians in Taiwan generally manage hypertensive patients in accordance to the
recommendations of the US Joint National Committee [11,42] or the World Health
Organization-International Society of Hypertension guideline [12], and the diagnoses as
well as prescriptions reported by physicians in Taiwan are regularly audited by clinical
experts in the Bureau of National Health Insurance to ensure that the claims adhere to
current guidelines. Thus, the diagnosis of hypertension in the NHI reimbursement
database is reliable.

In order to avoid the potential confounding, by. comorbidity, of the choice of

antihypertensive agents, we:excludedal, patients, with suspected preexisting diagnosis

=
i
T

of diabetes mellitus (DM), ischemin neaﬁ_ﬁ iSease, diseases of pulmonary circulation,
stroke, renal disease or other -forms; nf heant— disease (including dysrhythmia and heart
failure). To ensure the correct application of these exclusion criteria, none of the above
should have appeared in any hospitalization diagnoses prior to the patient being
diagnosed as hypertensive, and they should not have appeared more than three times in
the ambulatory outpatient files. The process of establishing the target population is

summarized in Figure 4.1.

New Cases of Stroke
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Follow-up of this study cohort was subsequently undertaken until the end of 2004 to
determine whether any of sampled patients had developed a new stroke. Stroke was
defined as a sudden neurological deficit of presumed vascular origin that lasted longer
than 24 hours or leading to death [43]. Transient ischemic attacks were not included in
this study. Diagnoses of stoke were categorized as subarachnoid hemorrhage,
intra-cerebral hemorrhage, cerebral infarction, and acute but ill-defined cerebrovascular
disease by ICD-9-CM codes. Clinical diagnoses of stroke have been shown to be
reliable [44]. Nevertheless, to :further.secure the validity of diagnosis, only those
patients with no previous history of stroke and“being diagnosed as stroke after imaging
examination by computerized tomography:l;(%?fT), or magnetic resonance imaging (MRI)
in one of the following conditions Were ;:-onsidered to-be new cases of stroke: (i)

diagnosed during the period of hospitalization; (i) diagnosed at an emergency room; or

(iii) diagnosed as stroke at least three times at outpatient clinics.

Available Variables

Since all prescriptions for antihypertensive drugs are regularly reimbursed by the NHI in
Taiwan, such records relating to all newly-treated hypertensive patients aged >30 years
were retrieved from the reimbursement files on ambulatory care claims and prescriptions

dispensed at contracted pharmacies. The different types of antihypertensive medication
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were categorized according to the major drug classes of angiotensin-converting enzyme
inhibitors or angiotensin-I1 receptor blockers, beta-blockers, calcium channel blockers,
diuretics and ‘others’ (all other classes of antihypertensive drugs including
alpha-blockers).

Patients were stratified by gender and age (at the time of the initial treatment for
hypertension) under the four age groups of 30-44, 45-54, 55-64 and 65 or older. Those
patients who developed comorbidity after their. initial antinypertensive treatment were
classified into the following categories: diabetes mellitus, coronary artery disease, renal

disease, hyperlipidemia, and:‘other’ heart, diseases:

W

aFE

Because each prescription for1 a c"f-i_r?;ﬁ‘lc disease, such as hypertension, most
frequently involved the prescribing fdrugg—for 28-day 0r-30-day periods, we analyzed
the time-dependent variables ona month-by-month basis; i.e., periods covering 30 days.
If patients had received a certain drug for more than seven days, they would be regarded
as having used that drug during that particular month; but if they had received the drug
for less than seven days during a month, then they were regarded as not having used the
drug during that particular month.

The patient’s compliance rate at time t was calculated as the cumulative number of
months with prescribed antihypertensive drugs up to time t divided by the total number of

months since the initial antihypertensive prescription up to time t.
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Statistical Analysis
The SAS statistical software (Version 9.1; SAS Institute, Cary, North Carolina, USA)
was used in data analysis. Many variables were assessed on a monthly basis, i.e., the
state of every time-dependent variable was determined as the state of the patient at the
beginning of each period which lasted for 30 days.

The evaluation of the effects of the various factors on stroke development among
our cohort of uncomplicated hypertensive. patients was undertaken using a
time-dependent Cox’s proportional hazards-maedel with all the available variables from
the reimbursement database, including gender, “age,’ the specific class of
antihypertensive medications prescribed, tf-;g Hrug compliance rate, the number of initial
antihypertensive drug(s), . the mgah nurr-nber‘ of /" antihypertensive drug(s), and
comorbidities, etc. The final regression:-model was obtained using the stepwise variable
selection method with both the inclusion and exclusion P value criteria set at 0.15.

After the initial assessment for all types of stroke, we further performed subgroup

analyses focusing on ischemic stroke and hemorrhagic stroke including intra-cerebral

hemorrhage and subarachnoid hemorrhage, separately.
4-2 RESULTS
Basic Characteristics of the Study Cohort
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During 1997 to 2004, a total of 123,988 patients aged >30 years were diagnosed as
hypertension and had received antihypertensive pharmacotherapy among the
1,000,000-person representative sample obtained from the NHI reimbursement database
of Taiwan. After excluding prevalent cases, 53,546 patients were identified as new cases
of hypertension between 1 January 1999 and 31 December 2004. We further excluded
23,787 of these patients on the basis of one (or more) earlier recorded comorbidity, as
well as those patients where either the follow-up-period, or the interval between the initial
antihypertensive pharmacotherapy and._the incidence of stroke, was less than 30 days.
Only the remaining 29,759 newly-diagnesed uncemplicated:hypertensive patients were
considered as the study cohort iin.the subse;;??gnt analysis{Figure 4.1).

Among the 29,759 patients, '14,352 (4;3-.2%) were \vomen and about half (46.4%)
were >55 years old with a mean of 55.3:years and staﬁdard deviation (SD) of 12.5 years.
The mean follow-up time was 38.8 months (SD 21.0 months), the average drug
compliance rate was 42.1% (SD 31.3%), and the average number of antihypertensive
drugs per prescription was 1.39 (SD 0.51). Yet, a total of 1,078 new cases of stroke were
identified from the study cohort; among them, 654 (60.7%) cases were cerebral
infarction type of stroke and 243 (22.5%) cases were hemorrhagic type while the other

181 cases (16.8%) were acute but ill-defined stroke.

Risks of Overall Stroke in Uncomplicated Hypertension
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The results of the multivariate analysis of the effects of various factors associated with
stroke development are summarized in Table 4.1. The stepwise method revealed that six
variables remained in the fitted model. After adjustment for the effects of the relevant
time-dependent and time-independent covariates, the hazard ratio was significantly
higher for older patients, for male patients, and for those with higher average number of
drugs. Patients with a poor compliance were 1.5 to 1.9 times more likely to develop
stroke than those with good adherence toantihypertensive pharmacotherapy. Other
significant risk factors for oceurrence of-stroke were comorbidities of diabetes mellitus
and other heart diseasesiafter initiating antihypertensive pharmacotherapy, with

estimated hazard raties of 1.6 and i'.g'f'respectively. No  definite category of

antihypertensive drugs was assoclated with a statisticallysignificant hazard ratio.

Subgroup Analysis for Ischemic Stroke:and Hemorrhagic Stroke

In the subgroup analysis focusing on ischemic stroke, seven variables stayed in the final
time-dependent Cox’s proportional hazards model with the stepwise variable selection
method, which did not include the initial or mean number of antihypertensive medications.
After adjustment for potential confounders, the estimated hazard ratio of developing
ischemic stroke was 1.3 (95% CI 1.0-1.6; P = 0.046) for those patients receiving

beta-blockers as compared to those without prescriptions of beta-blockers in the previous
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month. The results for other covariates were similar with those in the analysis of overall
stroke (Table 4.1).

Regarding the analysis for hemorrhagic stroke, old age (>65 years), male gender,
higher mean number of antihypertensive drugs (hazard ratio 1.7, 95% CI 1.3-2.2), and
poor drug compliance (hazard ratios 1.7-3.1) were statistically significant covariates that

stayed in the fitted model.

Ischemic Stroke in Hypertensive Patients Prescribed with Beta-Blockers
The crude incidence rates.of ischemiC stroke among patients receiving various categories
of antihypertensive medication/are shown in.T.able 4.2. After controlling for the effect of

‘-_ g

potential confounders using_the time-depelrﬁi_ent Caox’s proportional hazards model, only
the hazard ratio for beta-blockers :was significéntly greater than 1. Among the 98
ischemic stroke cases with antihypertensive pharmacotherapy containing a beta-blocker,
40 patients (40.8%) were receiving mono-therapy while the others were using
combination therapy with other antihypertensive drugs. Such a proportion seemed
similar to that of all patients receiving beta-blockers, or 35.4%.

The frequency distribution of acute ischemic stroke cases for various agents of

beta-blockers is provided in Table 4.3. The hazard ratio of ischemic stroke was

significantly greater for atenolol (1.4; 95% CI 1.1-1.9) according to the fitted
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time-dependent Cox’s proportional hazards model.
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5 DISCUSSION

5-1 PART |

This is one of the first studies of its kind to undertake an assessment of the national
prescription patterns and time trends in Taiwan for antihypertensive medication for
uncomplicated hypertension. We found that whether in mono-therapies or overall treatment,
CCBs were the most commonly prescribed drugs, followed by beta-blockers. Amongst all
of the mono-therapies, the lowest average daily. medication costs were for diuretics, at
less than one third of the,costs for.CCBs or ACE infitbitors, and about one fifth of the
costs for ARBs. The prescription rate fc_)f ditretics was, however, surprisingly low,
accounting for only 8.3% of all mono-ther;ﬁies, and indeed:the diuretic prescription rate
was the second lowest of all,.only aft:er ARBSs (5.7%).

Beginning in 2006-7, the National Health Research Institutes of Taiwan has begun to
draft clinical guidelines for various health conditions, including the treatment of
hypertension. However, most physicians seemed to accept the recommendation of the US
JNC or the WHO/ISH guideline during the time of this study. The evidence-based clinical
guidelines for antihypertensive treatment published by both the JNC in 2003 [13] and

the NICE in 2004 [15] contained recommendations for low dosages of thiazide diuretics

as the first-line drug for essential hypertension with no compelling indications. Such a
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recommendation also appeared in the 2003 statement published by the WHO/ISH [45];
and indeed, diuretics have been found to be the mainly frequently prescribed class of
antihypertensive drugs in the United Kingdom, Denmark, Canada and the United States
[23,46-48].

Researchers have indicated a substantial potential for cost savings if thiazides are
prescribed rather than other drugs being more expensive for treatment of hypertension
[49,50]. Given that the prescription pattern.in Taiwan appears to utilize more non-thiazide
medications that are generally more expensive, this issue would be worthy of further

study with the aim of comparing thesCost-effectiveness ‘of antihypertensive treatment in

[

Taiwan with those of other countries. | y

Considerable variation. in antihypertensi'\;e prescribing-patterns exists internationally.
Fretheim and colleagues compared the-'sale figures of antihypertensive drugs for six
countries, reporting that thiazide diuretics accounted for 25% of consumption in the UK,
while the corresponding figure for Norway was only 6% [48]. According to our assessment,
thiazide diuretics accounted 7.2% of overall antihypertensive drugs prescribed for
uncomplicated hypertension (prescription rate of 11.9%) in Taiwan. The relatively low
prescription rate of thiazides for antihypertensive treatment seems similar to those of

Norway and France, and is very different from the picture of the UK or Denmark.

In the absence of any guideline or effective regulations on prescribing behavior for
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clinicians, the current prescription pattern in Taiwan is probably a reflection of the mixed
effect of the preferences of physicians, the hypotensive efficacies of medications, and the
tolerance levels of patients. Under a healthcare system of mixed conventional medicine
and traditional Chinese medicine, Taiwanese patients appear to dislike diuretics for the
treatment of hypertension possibly because of the label ‘diuresis’, a term generally
regarded as treating ‘edema’ and affecting one’s kidney function in traditional Chinese
medicine. We speculate that this may, be-an- important reason for the relatively few
prescriptions with diuretics for pharmaceutical.treatment of uncomplicated hypertension
in Taiwan. Another explanatery factorforthe low tse of diuretics is the intolerance for the
side effects resulting in the lower continuif;i?éte [51]. However, the finding of increasing
trend of prescribing diuretics over treatrﬁent ;(;urseelapsed seems not compatible with this
hypothesis.

The mono-therapy prescription rate for diuretics, at less than 10%, albeit with a
slightly increasing trend with the passage of time (as shown in Figures 3.2 and 3.3), also
implies that diuretics are currently considered in Taiwan to be only a second- or
third-line medication; thus, there would appear to be considerable room for
improvement, in terms of greater adherence to the existent clinical guidelines based on

evidence as well as cost-effectiveness [19,21].

The trend toward increasing numbers of prescriptions involving ARBs, as
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summarized in Table 3.4, is also worthy of some attention. Indeed, the multiple logistic
regression analysis indicated that the calendar year and the size of the clinical facility
were actually the major determinants. We have also found that primary care clinics
prescribed diuretics more frequently than the larger medical facilities. We suspect that
differences in cost consciousness may be an important contributor to this particular
phenomenon, because the current reimbursement policy within the NHI program seems
less restrictive on medical centers and.regional hospitals, as compared with primary
local clinics.

Another possibility is that /physicians in large medical facility are more frequently
exposed to new drugs and tending‘ to ré;éa'ily acceptsthe latest, or most up-to-date,
medication as a means of keeping paée WitH curfent medical developments [52,53]. In
fact, the number of ARBs on the market increased from 2 to 9 during the period of
1998-2004. Some studies suggest that promotional activities of pharmaceutical industry
have a major impact on physicians’ prescribing patterns [54,55]. As a result, we are
somewhat concerned that many physicians in Taiwan, particularly those in the larger
medical facilities, may be strongly influenced by the marketing effort from the major
pharmaceutical companies. More evidence needs to be collected to corroborate these

beliefs.

One of the limitations of this study is the potential confounding by severity of
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disease for different levels of clinical facilities. Because the NHI reimbursement
database has no link to details on patients’ blood pressure levels or laboratory data, we
were unable to directly compare the severity of hypertension among various groups of
patients. Nonetheless, we have limited our study subjects to newly diagnosed cases of
uncomplicated hypertension with mono-therapies, and for them there is no restriction on
selection of doctors under the NHI in Taiwan. In such a way, hypertensive patients
initially treated at different clinical facilities might not be so much different in severity.
Moreover, Table 3.4 indicated that medical-centers jused more ARBs and less ACE

inhibitors after adjustment for other determinants: As the ‘efficacy of these two types of

J—

antihypertensive medication is similar [17]%' seems that ARBs might be prescribed to

i =l

substitute for some ACE inhibitors |n mec;ical centers.or regional hospitals and this
trend probably was unrelated to the different.severity of hypertension.

The NHI database provides a 200,000-person sample representing almost 1% of the
overall population of 22.9 million people in Taiwan; thus, we estimate that there may
have been up to 0.75 million newly-diagnosed cases of uncomplicated hypertension in
Taiwan during the seven-year period of this study. If the daily drug costs for
uncomplicated hypertension could be reduced by an average of US$0.3-0.6, this would
result in annual savings of up to US$82-163 million in overall pharmaceutical

expenditure within Taiwan’s NHI. If such action were extended to incorporate all
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prevalent cases of hypertension throughout our country, the total amount of annual

savings on costs for antihypertensive drugs could even run to US$0.2 billion. Under the

current limited resources, this could clearly make the NHI much more sustainable [32].
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PART Il

We conducted a retrospective cohort study using the computerized reimbursement
database to assess the risk of stroke in uncomplicated hypertensive patients treated with
various antihypertensive medications. According to the fitted time-dependent Cox’s
proportional hazards model, the hazard ratios of developing stroke were significantly
higher for older and male hypertensive patients and among those with comorbidities of
diabetes and heart disease, which were.compatible with many of the previous studies
[33,56,57]. We also found that peor complianee. with antihypertensive pharmacotherapy

was an important risk factor. in stroke“development, for'both ischemic and hemorrhagic

[
—

types. y

Although a higher risk of strolgez for pf;ltients treated with beta-blockers has been
documented in prior randomized controlled trials and meta-analyses of such studies
[35-40], we found no evidence of a differential effect of antihypertensive
pharmacotherapy on stroke risk when all stroke subtypes were included in the
multivariate analysis. Our findings indicated that outcome research might provide
additional evidence for improving clinical guidelines, as the processes in randomized
clinical trials might not be able to take care of all conditions in the daily practices of
clinicians.

For all types of stroke among these low risk, uncomplicated hypertensive patients
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in our study, the control of their hypertension seemed to be a more important factor than
the choice of antihypertensive agent because those patients who needed more
combinations of antihypertensive drugs might have a higher risk of overall stroke. Such
kind of trend was even more apparent for hemorrhagic stroke in the subgroup analysis
despite the small number of cases.

The prior studies in this area have documented an association between poor
medication compliance and the failure,to,control hypertension [11,58-60], and indeed,
we did find that hypertensive patients with podr medication compliance remained at a

higher risk of stroke than“those with better medication'compliance, which probably

W

aFE

came as a result of their higher bloodj-'_zérr‘éssure (BP) level. This association was
consistent for all types of stroke ‘in pdr ana.i;/sis. However; our results did not reveal a
linear dose-response relationship,. indicating the-complexity of the behavior of such
patients [59,61,62]. Nevertheless, the relatively low compliance rate in this real life data
from Taiwan indicates a significant room for improvement in patients’ adherence to
antihypertensive pharmacotherapy.

In the subsequent analysis restricted to ischemic stroke, we observed an excess risk
of ischemic stroke associated with beta-blocker therapy, when compared to treatment
with other antihypertensive therapies. The possible mechanisms are not clear yet.

Some researchers attributed the modest effect on stroke prevention of beta-blockers
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to their smaller ambulatory BP reduction, while Williams et al. [63] reported that
beta-blockers could have inferior cardiovascular outcome resulted from different effects
on central aortic pressures and hemodynamics despite similar effects on brachial BP. We
had no BP control data from the NHI reimbursement database. However, since only
newly-treated uncomplicated hypertensive patients were enrolled for this study, the
likelihood of initiating beta-blockers after patients’ hypertension became severer might
be low [64]. Moreover, the number of antihypertensive medication, which was taken as
a proxy for the severity of hypertension;-was.not a;significant factor for developing
ischemic stroke in our analysis.

It seemed that the greaterwrisk ‘of iséﬁgmic stroke for beta-blockers could not be
directly attributed to severer hypert:ehsion '(;r higher /BP.-Thus, we suspected that the
progression of atherosclerosis, aggravated. by the slowing down of the circulatory
system, as a direct result of the use of beta-blockers, might be responsible for the
increased risk of ischemic stroke development.

This study has some limitations. First of all, because of protection of privacy, we
are not allowed to link the NHI reimbursement database with private medical records to
obtain the BP measurements or results of laboratory tests. The BP data are important in

predicting the risk of stroke, nonetheless, we have associated the exposure of

antihypertensive drugs directly with the clinical outcome rather than the surrogate - BP.
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Another concern is the potential residual confounding of the differential
distributions of higher body mass indices (BMI), serum triglyceride levels, creatinine
concentration levels, and fasting blood glucose levels in patients treated with different
antihypertensive medications [65], despite covariates with later development of DM,
hyperlipidemia, and renal disease have been controlled in the regression model. We
hoped to consider BMI, as well. However, since the current recommended practice does
not differentiate between the prescriptions of antihypertensive medications based upon
the BMI, we suspected.  that,BMI would. not likely. confound the effect of
antihypertensive drugs upon developing, stroke,*as was'supported by several studies

showing that the association .between 'a:ﬁigh BMlsand stroke was substantially

attenuated after adjustment. for-hypertension and other major risk factors [66-68].
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6 CONCLUSION

The initial prescription patterns for antihypertensive therapies for uncomplicated
hypertension in Taiwan seem to be inconsistent with the current international clinical
guidelines. Although diuretics are the least expensive class of antihypertensive drugs, they
are nevertheless being used as a second- or third-line choice of medication, with a notably
low prescription rate. There has been a growing trend in the prescribing of ARBs as the
initial choice of therapy for uncomplicated hypertension, particularly in medical centers
and regional hospitals. - These results_indicate_a need <for, greater awareness of the

evidence-based guidelines for antihyperteﬁgive drug therapy amongst physicians and the

&
|

general public.

Given the existence of the national“health insurance system in Taiwan, there is still
significant room for improvement in the cost-effectiveness of antihypertensive
treatment [19,31]. We recommend reaching a consensus on this matter and developing a
domestic clinical guideline taking cost-effectiveness into consideration as soon as

possible.

Moreover, the importance of good compliance with antihypertensive therapy can

never be overstated with regard to effective prevention from stroke or cardiovascular
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complications. The control of hypertension played a major role in determining the risk
of stroke among the previously uncomplicated hypertensive patients. After controlling
other major potential confounding factors, we found no differential risks of stroke
related to any type of antihypertensive medication, whereas some unintended
association between the pharmacotherapy with beta-blockers and a higher risk of
ischemic stroke was observed in the subgroup analysis. Further studies will be required
to gain a better understanding of the.underlying pathophysiological mechanisms of
preventing stroke among . hypertensive patiehts through . different antihypertensive

medications.
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Table 3.4 Multiple logistic regression estimates of ARB and ACE inhibitor
mono-therapy prescription characteristics for newly-diagnosed uncomplicated
hypertension patients, 1998-2004 *

Variables ARBs ACE inhibitors
OR 95% ClI OR 95% ClI
Patient gender
Female (reference) 1.00 - 1.00 -
Male 0.99 0.94-1.05 1.07 1.03-1.11
Patient age (years)
30-54 (reference) 1.00 - 1.00 -
>55 0.74 0.70-0.78 0.75 0.72-0.78
Geographical region
Northwest (reference) 1.00 - 1.00 -
Midwest 0.74 0.68-0.80 0.98 0.93-1.02
Southwest 0:67 0162-0.72 0.86 0.82-0.90
Eastern 1.34 1:19-1.52 1.39 1.29-1.49
Offshore islands : 2.78 2.21-3.49 0.45 0.35-0.57
Type of clinical facility -yt 7
Primary care clinics (referenee) 1.005",:5;_‘, — 1.00 -
Local hospitals 217 [ 198248 0.43 0.41-0.45
Regional hospitals | 3555 304387 T 052 0.49-0.55
Medical centers &y \A 77 4 535 063  0.60-0.66
Time elapsed since initial therapy ‘
1 year or less (reference) 1.00 - 1.00 -
2-3 years 1.00 0.92-1.09 0.93 0.89-0.97
4-7 years 1.12 1.03-1.21 0.95 0.90-1.00
Comorbidity after hypertension t
© Diabetes mellitus 155 142168 136 128144
©Ischemicheartdisease 110 102119 078 073082
osoke 102 o0e31ll 098 091105
© Chronicrenal disease 107 094122 092 083102
Calendar years
1998-2000 (reference) 1.00 - 1.00 -
2001-2002 2.35 2.12-2.62 0.87 0.83-0.91
2003-2004 4.45 4.01-4.94 0.79 0.75-0.83

“ The odds ratio (OR) for each variable was adjusted for all other variables listed in the table.
T The reference group is subjects with no corresponding comorbidity for each category after hypertension.
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Table 4.1 Fitted multiple time-dependent Cox’s proportional hazards models to

identify the risk factors of stroke among the newly-diagnosed uncomplicated

hypertensive patients

All types of stroke

Ischemic stroke

Variable Case HR™ (95% CI) Case R (95% CI)
No. No.
Age (years)
30-44 101 1.00 - 43 1.00 -
45-54 196 149 (1.17-1.90) 118  2.12 (1.50-3.01)
55-64 270  2.60 (2.07-3.27) 165  3.77 (2.70-5.28)
> 65 511~ 4.75% (3.83-5:88) 328 7.26 (5.28-9.99)
Gender
Women 388 1.00 7 P32 1.00 -
Men 690 1.825?."(15.’(_5_17-2.07) 422 190 (1.61-2.23)
Mean number of | | F
antihypertensive drugs*' L =
<1.5 drugs 690 i.OO = 432  1.00 -
>1.5 drugs 388 1.25 (1.10-1.42) 222 1.09 (0.92-1.29)
Drug compliance rate*
>70% 185  1.00 - 126 1.00 -
40-69% 215 151 (1.22-1.86) 132 1.37 (1.05-1.78)
20-39% 248  1.79 (1.46-2.20) 156  1.66 (1.28-2.16)
< 20% 430 1.92 (1.58-2.34) 240 1.62 (1.25-2.09)
Comorbidity*
Diabetes mellitus 98  1.64 (1.33-2.03) 62  1.65 (1.26-2.16)
Other heart diseases 122 1.51 (1.24-1.84) 76 1.48 (1.15-1.89)
Renal diseases 33 111 (0.78-1.57) 27 147 (0.99-2.17)

Antihypertensive drugs*
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ACE inhibitors or 133 0.95 (0.78-1.16) 90 1.05 (0.83-1.33)
ARBs

Beta-blockers 138 1.04 (0.86-1.27) 98 127 (1.00-1.60)
CCBs 188 1.01 (0.85-1.21) 128 1.13 (0.91-1.40)
Diuretics 64 096 (0.74-1.25) 39 0.96 (0.68-1.34)
Others 41 084 (0.61-1.15) 35 111 (0.78-1.58)

ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker; CCB = calcium
channel blocker; HR = hazard ratio.

" The hazard ratio for each variable was controlled for age, gender, mean number of
antihypertensive drugs, medical compliance, and comorbid diabetes mellitus and/or other heart
diseases after antihypertensive treatment.

"The hazard ratio for each variable was controlled for age, gender, medical compliance, and
comorbidities after antihypertensive treatment including diabetes mellitus, other heart diseases
and renal diseases. ,

* Time-dependent variables mean states of wariablésuin.the previous month. The patient number
of each subgroup for the time-dependent variable varies by.time.

" Mean number of antihypertensive drugs“was derived from thé:time-weighted mean of the
number of antihypertensive drugsi for eachmanthly,prescription since the initial treatment.

g
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Table 4.2 Incidences of ischemic stroke among the newly-diagnosed
uncomplicated hypertensive patients receiving various antihypertensive drugs

Ischemic Crude event

Antihypertensive stroke Prescription rate Adjusted
drug (case No.) (person-months) (1000 years™) AR
ACE inhibitors or

ARBS 90 157 424 6.9 1.05
Beta-blockers 98 175 109 6.7 1.27"
CCBs 128 210 892 7.3 1.13
Diuretics 39 66 990 7.0 0.96
Others 35 41 072 10.2 1.11

ACE = angiotensin-converting.enzyme; ARB = angiotensin receptor blocker; CCB = calcium
channel blocker; HR = hazard-ratio:

" The adjusted hazard ratio for-each.€ategory of antihypertensive drug has been controlled for
age, gender, medical compliance; and comorbidities after antihypertensive treatment including
diabetes mellitus, other heart diseases and renal-diseases.

"P<0.05 =
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Table 4.3 Frequencies of ischemic stroke cases with different beta-blockers

Ischemic stroke

Prescription

Crude event rate

Drug
(No. of cases) (person-months) (1000 years™)

Atenolol 56 90,427 7.4
Bisoprolol 9 25,586 4.2
Propranolol 15 23,191 7.8
Carvedilol 9 11,053 9.8
Betaxolol 4 7,188 6.7
Acebutolol 0 7,163 0
Metoprolol 0 4,225 0
Labetalol 2 £.3,518 6.8
Carteolol 2 1,103 21.8
Other 1 1,655 7.3
Total 08 < 175,109 6.7

i
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Figure 3.1. Prescription pattern time trends for combinations of mono-, two-,
three- and four(+)-drug treatment therapies

* indicates P <0.0125 under the Cochran-Armitage trend test, being significant with
Bonferroni adjustment for multiple comparisons (P < 0.05/4 = 0.0125).
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Figure 3.2. Prescription distribution time trends for antihypertensive agents

* indicates P<0.0083 under the Cochran-Armitage trend test, being significant with
Bonferroni adjustment for multiple comparisons (P < 0.05/6 = 0.0083)
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Figure 3.3. Time trends for single-drug antihypertensive treatment

* indicates P <0.0083 under the Cochran-Armitage trend test, being significant with
Bonferroni adjustment for multiple comparisons (P < 0.05/6 = 0.0083)
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1,000,000 Nationwide representative population

A4

123,988 Patients (aged = 30 years)
with diagnoses of hypertension and

antihypertensive pharmacotherapy
January 1997 - December 2004

70,442 Cases of prevalent hypertension
with pharmacotherapy commencing
prior to 1 January 1999

23,342 New cases of hypertension with
related comorbidity prior to
initial pharmacotherapy

Y

30,204 New cases of uncomplicated
hypertension receiving antihypertensive
pharmacotherapy between 1999 and 2004

445 Patients with follow-up interval
of less than one month

v

29,759 New cases of uncomplicated
hypertension receiving antthypertensive
pharmacotherapy for at least one month

between 1999 and 2004

h 4

1,078 New stroke cases including:
654 Cerebral infarction
214 Intracerebral hemorrhage
29 Subarachnoid hemorrhage
181 Tll-defined stroke

Figure 4.1 Selection process of the study cohort.
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