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SUMMARY

Asthma morbidity and mortality have been increasing in most industrialised countries over the
last two decades despite anti-asthmatic medication sales at an all time high. Drug therapy
remains the mainstay of treatment in asthma yet there have been concerns that modern drug
therapy may be contributing to this increase in morbidity and mortality. The research presented

in this thesis sought to examine several issues related to current astbma pharmacotherapy.

In recent years, astbma management guidelines have emphasised the earlier introduction of
inbaled corticosteroids and less reliance on B ragonists. The prescribing of anti-asthmatic drugs
within Tasmania was examined from April 1991 to April 1994 using computerised dispensing
records from nearly one-third of all the community pharmacies within the State. Trends in
prescribing were compared with national data and regional State differences were examined. It
was found that drug utilisation, both nationally and within Tasmania, appeared to be changing
in line with current management guidelines with increases in inbaled corticosteroid and
sodium cromoglycate usage while B yagonists usage remained fairly stable. There was a marked

decrease in the ratio of agonists:inbaled corticosteroids dispensed over the period of the study.

Nebulised ipratropium bromide (an anti-cholinergic drug) is often combined with nebulised [3-
agonists in the treatment of asthma and chronic. obstructive airways disease. To reduce the time
that patients spend inhaling nebulised drug ipratropium bromide is often mixed with B-
agonists immediately prior to administration but is sometimes bulk mived and stored for
several days before use. A reversed-phase ion-pair assay using UV detection was developed to
study the stability of these bulk mixed nebuliser solutions. The stability of an admixture of
proprietary ipratropium bromide and salbutamol nebuliser solution (1:1, v/v) was then
examined for 5 days under different storage conditions. It was found that admixtures of
ipratropium bromide and salbutamol nebuliser retain greatér than 90% of their initial
concentrations if stored at or below 22° C for periods of up to 5 days.

Finally, an assay using solid-phase extraction was developed to measure urinary levels of
salbutamol in a relatively large group of asthmatic patients using inhaled therapy. Salbutamol
levels in 'spot’ urine samples were investigated as a potential indicator of over-use. Median
levels of unchanged drug were 378 ng/ml (range 0-34.4 ug/ml) and 2.55 ug/ml (range 0-
49.8ug/ml) in community and hospital patients respectively. Even when conceding the
limitations of 'spot’ urine sampling there were large inter-patient differences in levels corrected
for dosage, probably due to differences in technique of administration and pharmacokinetic
variability. There were also indications of possible low level saturation of metabolism which

may have clinical implications.
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CHAPTER 1

General Introduction

Over recent years, asthma morbidity and mortality has been increasing in most '
industrialised countries despite effective drugs for control of asthma symptoms
(Musk et al, 1987; Jackson et al, 1988). Over the same period drug sales have also
increased (Jenkins et al, 1988, Klaukka et al, 1991). There have been suggestions
that modern drugs used in the treatment of asthma may actually be causing the
increase in asthma morbidity and mortality (Barnes and Chung, 1992). Because
drug use has been closely associated with rising asthma prevalence, the objective of
this study was to examine several current issues in the pharmacotherapy of asthma

and related conditions such as chronic obstructive airways disease and emphysema.

Asthma is now regarded primarily as an inflammatory disease rather than simply
bronchoconstriction (Barnes, 1989). This has led to changes in the management
guidelines of asthma with greater emphasis on “earlier introduction of inhaled
corticosteroids (Anonymous, 1992; Tse and Bridges-Webb, 1993). In addition,
there have been concerns that over-reliance on f3;-agonist therapy could be linked
to increasing asthma morbidity and mortality (Sears et al, 1990; van Schayck,

1991).

The cost of asthma to the Australian community has been estimated at up to $720
million per annum (NAC report, 1992). The National Asthma Campaign (NAC)
was introduced in 1990 in response to rising morbidity and mortality with the
goals of improving diagnosis and management and reducing preventable deaths

from asthma.
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The impact.of the changing asthma management guidelines and the NAC on
prescribing of anti-asthmatic drugs and morbidity and mortality within Tasmania
was examined with the assistance of computerised pharmacy dispensing records.
The background pathology, pha;macotherapy, current controversies and
treatment guidelines in asthma are discussed in Chapter 2. Chapter 3 describes the
relatively new discipline of pharmacoepidemiology, the study of drug use within a
population (Hartzema, 1992; Henry, 1988). Pharmacoepidemiology, as the name
suggests, is essentially the combination of pharmacology and epidemiology.
Pharmacoepidemiology is used in Chapter 4 to assess the impact of the NAC on
the prescribing of anti-asthmatic drugs within the Tasmanian population.
Tasmanian prescribing trends were also compared with National prescribing

trends.

For patients unable to use metered-dose inhalers -(MDIS), inhalation of nebulised
respirator solutions is an integral component of the modern treatment of airways
disease (Horsley, 1988; Johnson, 1989). Patients with severe asthma or chronic
obstructive airways disease are often administered (-agonist drugs in combination
with ipratropium bromide, a quaternary anti-cholinergic drug (O'Driscoll et al,
1989). It has been suggested that by mixing the drugs before administration both
nursing time and time spent by the patient inhaling drug is reduced (Fry and
Williamson, 1991). In addition it has also been suggested that patient compliance
may also be increased because of the reduced administration time (Roberts and

* Rossi, 1993).

This mixing of drugs, however, raises issues of compatibility. Compatibility issues
between salbutamol (a commonly used [3,-agonist) and ipratropium bromide have
been addressed over short storage periods (Iacono et al, 1987). The compatibility of

bulk mixed drugs over a period of days, however, has not been addressed.
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A single stability-indicating assay designed to measure concentrations of several
common [3,-agonists and ipratropium bromide in nebuliser solution was developed
in Chapter 5. This assay was modified slightly in Chapter 6 to determine the
stability of salbutamol and ipratropium bromide, such as in bulk mixed nebuliser

solutions, over a period of days.

Despite its wide spread use over many years there is surprisingly little published
information on the pharmacokinetics of salbutamol, especially after inhalation
which is mainly due to difficulties in detection. The pharmacokinetics of

salbutamol, with empbhasis on inhalation therapy, are examined in Chapter 7.

Following inhalation salbutamol is excreted as free drug and metabolite in urine.
(Morgan et al, 1986). Levels of drug and metabolite in urine are typically much
higher than plasma due to urine acting as a reservoir for excreted drug. An assay
using solid-phase extraction and UV detection was developed in Chapter 8 to allow
the determination of salbutamol and indirect determination of the major
metabolite in urine following administration of salbutamol by inhalation, either
via MDI (metered dose inhaler), DPI (dry powder inhaler), or nebuliser. This assay
was used to examine urine levels bf drug in a relatively large sample of community
and hospital patients in Chapter 9. The possibility of using single 'spot’ urine levels
as an indicator of possible over-use was examined as well as correlation with
reported dosage. Limited pharmacokinetic data were also examined from the urine

samples.

The implications of the research presented in this thesis on the pharmacotherapy

of airways disease are summarised in Chapter 10.
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Asthma Background

2.1 SUMMARY

It is now generally regarded that asthma is an inflammatory disease rather than simply
bronchoconstriction. This bas changed the rationale for therapy with less reliance on bronchodilator
medication and more empbasis on anti-inflammatory medication. The pathophysiology of asthma, the
rising morbidity and mortality of asthma, strategies for reducing the morbidity and mortality, asthma
pharmacotherapy, and the controversies in therapy are outlined. '

2.2 ASTHMA AS AN INFLAMMATORY DISEASE

Asthma is a chronic illness associated with widespread narrowing of the
tracheobronchial tree and characterised by symptoms of episodic coughing,
dyspnoea, wheezing and chest tightness, alone or in combination (McFadden and
Gilbert, 1992). Asthma was once considered a disease associated with
bronchoconstrictor mechanisms and possible airway smooth muscle abnormalities.
However, in recent years it has been recognised that chronic asthma involves a
characteristic inflammatory response in the airways (Barnes, 1989;»Alpers 1991). It
is now apparent that airways inflammation is present even in patients with mild

asthma (Laitinen et al, 1985; Beasley et al, 1989). -

Histological changes in asthma include shedding of the airway epithelium,
interstitial oedema, and sub-basement-membrane collagen deposition (Jeffery et al,
1992). The unique pathologicél features of asthma are the lack of neutrophils and
the large numbers of eosinophils in the exudative phase, the sparsity of phagocytic-
cell infiltrates and the absence of granulation tissue and fibrosis (McFaddcn.and
Gilbert, 1992). It has been suggested that asthma can be viewed as a chronic
eosinophilic bronchitis (Barnes, 1989). The inflammation in asthma is different to

that inflammation seen in bronchiolitis in smokers or during viral infections as the
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airways are typically free of fibrosis, apart from collagen deposition below the

basement membrane (McFadden and Gilbert, 1992).

The root cause of airways inflammation in asthma still remains uncertain

(McFadden and Gilbert, 1992; Frew and Holgate, 1993). The development of
| bronchial inflammation is complex involving eosinophils,'mast cells, platelets and
many different inflammatory mediators (Paterson et al, 1995). In addition,
bronchial hyperresponsiveness, a characteristic of asthma (Barnes, 1989), is an
exaggerated bronchoconstrictor response to many different stimuli and is related
to both the extent of inflammation in the airways (Chung, 1986; O'Byrne et al,

1987a) and the schrity of the disease (Hargreave et al, 1981; Britton et al, 1988).

In patients with active disease, acute exacerbations can occur on exposure to non-
specific stimuli such as physical exertion, cold air, and respiratory irritants
(McFadden and Gilbert, 1992). The role of allergens in asthma is still not clear. It
has been suggested that virtually all patients with asthma have an atopic
component (Burrbws et al, 1989; Sears et al, 1991). However, other estimates
suggest that as many as one third of all patients with asthma are not atopic
(Montogomery Smith, 1988) and that gene mutations may influence underlying
asthma, even in the absence of atopy (van Herwerden et al, 1995). In addition,
many patients with allergic rhinitis and well defined allergen sensitivity have no

clinical evidence of asthma (Britton, 1992).

The bronchospastic response to allergen inflammation typically consists of an
early phase, due to the direct effect of mediators on bronchial smooth muscle, and
late phase due to mucosal oedema and cellular infiltration 3 to 12 hours after
inhalation of the allergen (Frew and Holgate, 1993). Recent research has shown
that vthe CD4+ T-lymphocyte is important in the initiation of asthma and may be

activated by exposure to antigens or other agents to release various cytokines
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including ihtcrleukin 3, 4 and 5 (Kay, 1992; Paterson et al, 1995). The interleukin
3, 4 and 5 cytokines activate B-lymphocytes and the recruitment of a mixed
leucocyte infiltrate consisting of inflammatory cells such as eosinophils,
macrophages, basophils and neutrophils (Beasley et al, 1989; Paterson et al, 1995); _
This is shown in Figure 2.1.

The activated B-lymphocytes produce IgE (Kay, 1992). IgE can cause inflammation
of the airways by binding with mast cells resulting in the release of mediators
(associated with the immediate or early phase asthmatic response due to their
direct effect on bronchial smooth muscle) and the recruitment of inflammatory
cells typically associated with the late phase response (Djukanovic et al, 1990).
These mediators include leukotrienes, histamine, prostaglandins, prostanoids,
neuropeptides, endothelin-1, platelet-activating factor, eosinophil-derived cytotoxic
peptides and neutrophil- and eosinophil-induced chemotactic factors of
anaphylaxis (Wasserman, 1983; Kaliner, 1989; Drazen and Austen, 1987; Paterson
et al, 1995). These mediators are responsible for constriction of bronchial smooth
muscle, mucosal oedema, mucus production as well as interference in removal of
mucus (Wasserman, 1983; Kaliner, 1989; Drazen and Austen, 1987) and may
enhance both the immediate and late onset phases via a positive feed back loop
(McFadden and Gilbert, 1992). In addition, allergen specific T-cells may be found

in allergic persons (Kay, 1992). -

The role of mast cells remains unclear. While it is thought that mast cells may be
important in the acute bronchoconstrictor response to an antigen (early phase) and
possibly to exercise, the role of the mast cell in chronic asthma, particularly the
late response and bronchial hyperresponsiveness, remains less certain (Barnes,

1989).
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B-lymphocyte Inflammatory cell activation
IgE Eosinophils, macrophages, basophils, neutrophils
Mast cell Inflammation
Mediators
Mediat
tators Histamine Disease
Leukotriene C Leukotri
Hi l: . ene &4 p ut:n e::s Further inflammation
istamine . rostanoi
Prostaglandin D2 Neuropeptides Epithelial destruction
a in I
pep Mucosal damage and remodelling
Endothelin-1 :

Platelet-activating factor
Eosinophil-derived cytotoxic peptides

Bronchoconstriction,
oedema, secretion 4

Hyperplasia of bronchial smooth muscle
Mucous gland hyperplasia and hypersecretion
Microvascular leakage and oedema

Bronchial hyperreactivity

Symptoms ‘

Wheeze, dyspnoea,
cough, sputum

Figure 2:1 Ooutline of the z'nﬂam:;zatory pathophysiology of asthma. Adapted from

Paterson et al, 1995.
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In addition to the inflammatory mediators, neurogenic mechanisms have been
implicated in asthma (Barnes, 1986a). Non-cholinergic non-adrenergic sensory
nerves may release neuropeptides by an axon reflex that may have an important
role in asthma (Barnes, 1989; Barnes, 1986b). These neuropeptides include
substance P (a potent inducer of microvascular permeability and mucus secretion),
neurominin A (a potent bronchoconstrictor) and calcitonin gene-related ‘peptide
(an effective and long-lasting dilator of bronchial vessels; Barnes, 1989). The roles
of these various mediators in the pathogenesis of asthma will become clearer as

more selective mediator antagonists are developed (Barnes, 1989).

23 INCREASING ASTHMA MORBIDITY AND MORTALITY AND THE COST TO
THE COMMUNITY

There is ample evidence that over the last two decades asthma morbidity and
mortality have increased in most industrialised countries (Sly, 1984; Benatar, 1986;
Burney, 1986; Evans et al, 1987; Fleming and Crombie, 1987; Barnes, 1988; Jackson
et al, 1988; Beasley et al, 1990; Weiss and Wagener, 1990). This is despite large
increases in anti-asthmatic medication sales over the same period (Keating et al,

1984; Hay and Higenb.ottam, 1987; Klaukka et al, 1991).

The same pattern has occurred in Australia (Musk et al, 1987; Jenkins et al, 1988).
Australian mortality rates from asthma are higher than England, Wales, Canada
and the United States, although lower than New Zealand (Woolcock, 1986).
Annual asthma deaths in Australia have risen from 2.3 deaths/100,000 population
in 1978 more than doubling to 5}7 deaths/100,000 population in 1989 (derived
from data provided by the Australian Bureau of Statistics). There is, however,
evidence that the mortality rate from asthma has begun to decline from the 1989

peak shown in Figure 2.2 (source: Australian Bureau of Statistics).
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Deaths/100.000 population

= e e e i s e

Year

Figure 2.2 Asthma mortality in Australia represented as asthma deatbs per 100,000
population. Source: Australian Bureau of Statistics.

An estimated 1.4 million Australians (9% of the population) reported experiencing
asthma as either a recent or long-term condition in 1989-90 (National Health
Survey 1989-90). The proportion of the population experiencing asthma as a long-
term condition rose from 2% in 1977-78 to 8% in 1989-90 with respiratory
conditions, including the common cold, accounting for 24% of all days lost from
work due to illness or injury (National Health Survey 1989-90). The National
Health Survey 1989-90 also found that asthma was more prevalent in younger
peoﬁle, with 12% of persons aged less than 25 reporting asthma. The asthma
prevalence in children has been noted to be even higher at around 17% (Bauman et

al, 1992a).

Given the high morbidity and mortality due to asthma it not surprising that the
cost to the community is high. It has been estimated that in 1991, the cost to the
Australian community was between $585 to $720 million per annum (NAC

report, 1992). This estimate consisted of $320 million in direct medical related
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costs such as pharmaceuticals, medical consultations and hospitalisations, and
" between $265 to $400 million in indirect costs due to lost productivity such as
absenteeism and reduced effectiveness at work (NAC report, 1992). Of additional
interest is the fact that a person with poorly controlled asthma will incur greater
costs than an asthmatic who is well controlled. Based on computer modelling, the
more asthmatics who have their disease well controlled, the lower the total cost to

the community (NAC report, 1992).

It has been estimated that in Australia in 1990-1991, 4.0% of all encounters to a
general practitioner resulted in a prescription for a bronchodilator, preventive
agent (such as an inhaled corticosteroid or sodium cromoglycate) or methyl
xanthine. Of all prescriptions written by general practitioners, 8.4% were for a

bronchodilator, preventive agent or methyl xanthine (Bridges-Webb et al, 1992).

In 1992, the top 10 drug list ranked by DDDs/1000 population/day in Australia
included salbutamol with the highest level of community use of all prescription
drugs (30.3 DDDs/1000 population/day), beclomethasone dipropionate (only
inhaled preparations) in third position (12.3 DDDs/1000 population/day) and
budesonide in sixth position (10.4 DDDs/1000 population/day; Anonymous,
1994). The 1992 top 10 drugs by prescription counts includea salbutamol with
4,884,371 prescriptions in second position behind amoxycillin (Anonymous, 1994).
The 1992 top 10 drug list ranked in order of cost to the government in Australian
dollars included salbutamol in fifth position ($45 million), beclomethasone inhaled
preparations in seventh position ($32 million), ipratropium bromide in eighth
position ($30 million) and budesonide in ninth position ($28 million; Anonymous,

1994).

10
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2.4 STRATEGIES FOR REDUCING MORBIDITY AND MORTALITY IN
AUSTRALIA

Recognising the increase in asthma morbidity and mortality, an NHMRC working
party (formed in 1987) on asthma-associated deaths released a report in June 1988
with strategies for reducing morbidity and mortality in Australia (NHMRC

report, 1988). This report made the recommendations shown in Table 2.1.

Following an asthma awareness campaign in 1988, The National Asthma
Campaign, a joint initiative of the Thoracic Society of Australia and New Zealand,
the Royai Australian College of General Practitioners, the Pharmaceutical Society
of Australia and the State and Territory Asthma Foundations, was established in
1990 to combat the increasing morbidity and mortality from asthma in Australia.
The 3 year goals of the National Asthma Campaign were that: (i) most people with
asthma will be correctly diagnosed, (if) most people with asthma will be using a
recognised asthma management plan to help them manage their asthma, and (iii)

there will be a decline in preventable deaths from asthma.

The NAC and the asthma management plan were based on a publication of the
Thoracic Society of Australia and New Zealand (Woolcock. et al, 1989) which
described a six point approach to asthma management as shown in Table 2.2. The
plan provided guidelines for all doctors who treat patients with the hope that
improved treatment will reduce morbidity and mortality from asthma in the
future. Further guidelines have been published (Anonymous, 1992; Tse and
Bridges-Webb, 1993) and it would seem sensible that new guidelines are published
regularly in the future as understanding of the disease and therapeutic implications

become clearer.

11
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Table 2.1 Strategies for reducing morbidity and mortality from asthma in Australia. Based on

NHMRC report (1988).

(i)

(i)

(iv)

(vi)

(vii)

(viii)

Asthma in Australia
Strategies for reducing morbidity and mortality
(NHMRC working party report, June 1988)

The immediate distribution of information about:

. currently agreed criteria for assessment of severity and management of

patients with asthma;
. consumer (patient and parent) responsibility and roles in shared

management of asthma as a chronic illness.

The implementation of community based education programs through appropriate

Commonwealth and State mechanisms.

Having regard to the disincentives in current fee schedules, the Health Insurance
Commission be requested to explore methods of facilitating education of patients with

asthma by medical practitioners.

The RACGP, through its Family Medicine Program, be asked to consider making

education about asthma a priority for doctors.
Fast lane procedures for admission to emergency care at hospitals be introduced.

The urgent establishment of a National Asthma Mortality register with the capacity to

conduct appropriate investigations.

Research, aimed at providing better understanding of the causes of asthma morbidity and

mortality and their control, be made a priority area within the NHMRC grants scheme.

Research be directed at defining the environmental factors presumed to act either as

inducers of the disease or as triggers of attacks, in the Australian population.

12
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Table 2.2 Asthma management plan based on Woolcock et al, 1989.

1. Assess severity of the asthma

2. Achieve "best” lung function

3. Maintain "best” lung function by:

Home monitoring

Th&apy

Avoiding trigger and aggravating factors

4, Write an action plan

5. Educate the patient

6. Review regularly

Assess when stable and not during an acute attack. Apply
guidelines given in plan.

Use peak flow meter or spirometer and know "predicted”
values; treat with bronchodilator and corticosteroid drugs
by mouth until "best” value is found.

Ensure patient records peak expiratory flow readings and
continues to maintain "best” value.

Prescribe drugs including aerosol corricosteroid drugs,
bronchodilator agents, cromoglycate and theophylline.

Investigate and minimise (where possible) provoking
stimuli and aggravating factors.

Write and discuss a plan, based on peak expiratory flow
readings, to increase drug dosages and to gain rapid access
to medical care.

Patient and family should understand the nature of the
disease, relevant triggers, the aims of treatment, use of
drugs and how to implement the action plan.

Continue to care for the patient even when the asthma
becomes mild.
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Table 2.3 Anti-asthmatic drugs and some common adverse effects.

Drug class Common adverse effects

Bronchodilators Tremor, tachycardia, hypotension, nausea, hypokalaemia, sweating; muscle
Salbutamol cramps, headaches, CNS disturbances, paradoxical bronchoconstriction,
Terbutaline oral irritation.

Inhaled corticosteroids Oropharyngeal candidiasis, hoarseness, throat irritation, paradoxical’

beclomethasone dipropionate
budesonide

bronchospasm.

Methyl xanthines
Theophylline
Aminophylline
Choline theophyllinate

GI upset, CNS stimulation, tachycardia, palpitations, headache, insomnia,
tremor, arrhythmias, convulsions.

Anti-cholinergics
Ipatropium bromide

Urinary retention, acute angle glaucoma, dry mouth, throat irritation,
cough, visual accommodation disturbances.

Anti-allergics
Sodium cromoglycate

Mild throat irritation, cough, transient bronchospasm.

2.5 PHARMACOTHERAPY OF ASTHMA

The pharmacotherapy of asthma relies mainly on 5 classes of drugs,

bronchodilators, inhaled corticosteroids, methyl xanthines, ipratropium bromide

and sodium cromoglycate. Table 2.3 shows the commonly used anti-asthmatic

drugs in Australia, together with possible adverse effects.

2.5.1 Bp-Agonists

In the past, asthma therapy has relied on achieving bronchodilation. Nebulised

adrenaline became available in the 1930s (Gandevia, 1975), and was followed by

the development of non-selective (-agonists such as isoprenaline in the 1940s

(Thompson and Watkins, 1994), and the development of [,-agonists during the

1960s (Frew and Holgate, 1993). Stimulation of (y-receptors in the airway smooth

muscle in humans results in the activation of adenylate cyclase and an increase in

intracellular levels of cAMP. This leads to activation of protcfn kinase A which

inhibits the phosphorylation of myosin and lowers the intracellular ionic calcium
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concentration, resulting in smooth muscle relaxation (Barnes, 1989). Airway
muscle in humans has only B,-receptors (Carstairs et al, 1985), hence stimulation of

these receptors results in the smooth muscle relaxation.

Mast cells also have Pj-receptors (Butchers et al, 1980), and it has been suggested
that (3,-agonists also inhibit the release of mediators from mast cells in the airways
(Butchers et al, 1980; Howarth et al, 1985; Church and Hiroi, 1987). (3,-Agonists
are known to be more potent mast cell stabilisers than sodium cromoglycate
(Church and Hiroi, 1987). 3,-Agonists may also inhibit the release of acetylcholine
from postganglionic cholinergic nerves in the airway (Rhoden et al, 1988), reduce
microvascular leakage and have beneficial effects on ciliary function and mucus

production (Nelson, 1995).

[3,-Agonists are the most effective bronchodilators in current use (Kemp, 1993) and
protect against all bronchoconstrictor challenges (Barnes, 1989). Hence the term
'reliever' is often used to describe [3;-agonists due to their ability to relieve
bronchoconstrictor challenges. They may be delivered by inhalation, of
systemically by oral or intravenous routes (Thbmpson and Watkins, 1994). Inhaled
therapy by either MDI or nebuliser is the most efficient means of delivering high
local concentrations of drug to the airways, and mjnimising systemic side effects

~ (Thompson and Watkins, 1994).

Inhaled 3y-agonists -are indicated for the short-term relief of bronchoconstriction
and are the treatment of choice for acute exacerbations of asthma (Barnes, 1989).
They are highly effective against early phase exercise and allergen induced asthma
bringfng symptomatic relief (Skorodin, 1993). However, ;-agonists do not inhibit
either the late response to allergens or the subsequent bronchial
hyperresponsiveness (Cockcroft and Murdoch, 1987). Because of their

symptomatic relief, it is now suggested that there is a danger that ,-agonists may
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be used in worsening asthma to relieve symptoms, masking an underlying
deterioration in the disease. Although there are beneficial non-bronchodilator
actions of By -agonists, for maintenance therapy in all but the mildest cases of
asthma, it is essential that (3,-agonists should be used in combination with inhaled
corticosteroids or sodium cromoglycate, and if necessary, theophylline or

ipratropium bromide (Thompson and Watkins, 1994).

The past few years has seen the development of long acting [32-.agonists including
salmeterol, formoterol and bambuterol (Boulet, 1994). These agents have a later
peak effect (typically 24 hours) and a significantly longer duration of action
(typically greater than 12 hours) compared to the short acting p-agonists such as
salbutamol, terbutaline and fenoterol (peak effect usually 30-90 minutes after
inhalation and duration of action 4-8 hours; Boulet, 1994). Longer acting f3,-
agonists have particular efficacy in nocturnal asthma and 'morning dippers', as
well as reducing the overall Pp-agonist load in comparison to salbutamol in
conventional dosage regimens (Dalohzo et al, 1994, Thompson and Watkins,
1994). In a twelve month comparison in moderate asthmatics, patients treated with
salmeterol demonstrated a lower incidence of asthma and related events compared

to patients treated with salbutamol (Britton et al, 1992).

Long acting [3,-agonists do protect against the late phase response but it has been
suggested that this is due not to a clinically significant anti-inflammatory effect, but
rather, to a prolonged functional antagonism (Taylor et al,. 1992). It is currently
recommended that long acting [3;-agonists be used only in patients already
receiving inhaled corticosteroids (Rees, 1991; Anonymous, 1992; Goldie et al,
1995). There has been no evidence that long acting [j-agonists significantly
influence the chronic inflammatory response (Barnes and Chung, 1992; Goldie et
al, 1995). In addition, there have also been some questions regarding tolerance to

protective effects against bronchoconstrictor stimuli in mild asthmatics despite
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well maintained bronchodilation (Cheung et al, 1992). It has been shown that
patients using regular salmeterol treatment may also require higher doses of
salbutamol when used for relief of acute symptoms (Grove and Lipworth, 1995a).
The use of short acting (3,-agonists for chronic therapy, not just acute symptomatic
relief, has now been scrutinised. It would follow, therefore, that over reliance on
long-acting Bz-aQOMSts may also mask an underlying deterioration in a patient's

asthma. This will also be discussed in Section 4.5.

2.5.2 Glucocorticosteroids

Corticosteroids are anti-inflammatory agents and have long been used in the
treatment of asthma, although their mechanism of action is still disputed (Barnes,
1989). Corticosteroids produce a decrease in inflammatory cells, especially
eosinophils, inhibit leucocyte infiltration, inhibit activated T-lymphocytes,
improve fy-adrenergic cell function, stabilise oedelﬁa, attenuate mediator release,
especially from activated eosinophils, and inhibit mast cell growth (Alpers, 1991;
Gibson, 1992). Corticosteroids are the only available therapy which decrease the
degree of bronchial hyperresponsiveness and reduce airway inflammation and
oedema (Alpers, 1991). A reduction in bronchial hyperresponsiveness may take up

to 3 months of continuous therapy (Woolcock et al, 1988).

‘Corticosteroids also inhibit the late-phase response (Cockeroft and Murdoch, 1987;
O'Byrne et al, 1987). In other words, unlike [,-agonists which provide
symptomatic relief and may mask deterioration in the underlying disease,
corticosteroids treat the underlying disease process (Paterson et al, 1995). Hence,
corticosteroids are often termed 'preventers' in contrast to bronchodilator

'relievers'.

By the 1960s, it was realised that the long term use of oral corticosteroids was

associated with significant adverse effects (Frew and Holgate, 1993). The adverse
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effects of high dose glucocorticoids are shown in Table 2.4. Inhaled
beclomethasone dipropionate was introduced in 1970 and rapidly established itself
at the forefront of asthma treatment (Frew and Holgate, 1993). Because of its route
of delivery, systemic side effects wcr;: reduced with the drug being delivered
directly to the site of action. The efficacy and safety of inhaied corticosteroids now

enable long term treatment with these drugs (Alpers, 1991).

Systemic adverse effects from inhaled corticosteroids have been a controversial
topic. With conventional inhalers, 85-90% of each dose is swallowed, of which
some is absorbed. At doses greater than 1000 ug/day for adults (>400 ug/day for
children), biochemically detectable impairment of adrenal responsiveness to
corticotrophin has been reported (Frew and Holgate, 1993). In the absence of
previous or concomitant treatment with oral glucocorticoids, inhaled
glucocorticoids in doses of 1500 ug/day or less in adults and 400 ug/day or less in
children have little if any affect on pituitary-adrenal suppression related adverse
effects (Barnes, 1995). Spacer devices, a recent development in MDI delivery,
significantly reduce systemic absorption and should be used for drug delivery
above these dosages (Frew and Holgate, 1993; Barnes, 1995). Fluticasone is a new
inhaled corticosteroid which appears to be more potent than other corticosteroids
with essentially no oral absorption and rapid hepatic metabolism (Thompson and
Bremner, 1993). It is anticipated that this will allow the delivery of higher doses
with reduced systemic effects (Thompson and Bremner, 1993; Lipworth, 1993).

Health care providers and usually lay persons are aware that corticosteroids can
cause serious side effects (Skorodin, 1993; Hanania et al, 1995). There have been
some concerns about the possible side effects of inhaled corticosteroids, especially
growth suppression in children (Frew and Holgate, 1993; Kamada, 1994). This has
probably led to a reluctance to introduce inhaled corticosteroids into anti-

asthmatic regimens in the past, especially in patients with moderate asthma.
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Because of the recent questions regarding the safety of long term f3,-agonist use and
a greater understanding of the pathogenesis of asthma as an inflammatory disease,
there has now been general agreement towards a shift in the management of the
disease with greater use of inhaled corticosteroids (Alpers, 1991; Frew and Holgate,
1993; Paterson et al, 1995). Inhaled corticosteroids or sodium cromoglycate are -
now recommended much earlier in the disease for use as a regular maintenance
therapy in all but the mildest cases of asthma (Barnes, 1989; Alpers, 1991; Larsen
1992; Thompson and Watkins, 1994).

Table 2.4 Adverse effects of bigh dose glucocorticoids. Adapted from Jackson and Bowman, 1995,
. Hypertension (occurs in 80% of patients).
. Osteoporosis and resulting fractures.
. Impaired glucose tolerance and diabetes.
. Suppression of immune function.
. Poor wound healing and suppression of fibroblast activity.
. Severe psychological disturbances, predominantly euphoria and depression.
. Muscle wasting and central obesity.
. Peptic ulcer disease.

. Inhibition of linear growth in children.
. Avascular necrosis.
. Cataracts.

. Electrolyte disturbances such as hypokalaemia.

2.5.3  Methyl xanthines

Methyl xanthines include theophylline, aminophylline (theophylline ethylene
diamine) and choline theophyllinate. Although theophylline has been used as a
mainstay in asthma treatment for 50 years the mechanism of action is still unclear

(Persson, 1986). It was originally thought that it caused bronchodilation by
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inhibiting phosphodiesterase, leading to an increase in cAMP although this
requires concentrations of drugs far exceeding the therapeutic range (Barnes, 1989).
Other possible modes of action include adenosine receptor antagonism, although a
closely related drug, enprofylline, has greater broncholidator potency but is not an
adenosine antagonist (Cockcroft et al, 1989), inhibition of intracellular release of

calcium and stimulation of catecholamine release (Barnes, 1989).

Theophylline is a less effective bronchodilator than the (j-agonists (Barnes, 1989)
but unlike (,-agonists, theophylline also inhibits the late phase response suggesting
anti-inflammatory effects (Rogers et al, 1985; Mapp et al, 1987; Barnes, 1989;
Alpers, 1991; Jenne, 1994). '

Intravenous aminophylline is an cffectiv;e treatment for bronchospasm in acute -
severe asthma, however, there has been debate as to whether it has any additional
benefits above those of the Py-agonists. Although there were no differences in
spirometric response, ‘Wrcnn et al (1991) found that acute severe asthmatics who
were treated with intravenous aminophylline in addition to bronchodilators

recovered more quickly.

There has been a shift away from the use of theophylline in recent years due to
questions over its efficacy, its narrow therapeutic range and drug interactions
(Alpers, 1991; Frew and Holgate, 1993; Paterson et al 1995). Continuous long-term
therapy requires regular serum monitoring (Alpers, 1991) although xanthines are
often prescribed without such monitoring (Rumbak and Self, 1992; Frew and

Holgate, 1993).

The therapeutic range of theophylline is 10-20 ug/ml. At serum levels over
20 ug/ml most individuals will experience toxicity consisting of tremor, nausea

and CNS excitation (Frew and Holgate, 1993) and at higher plasma concentrations
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more serious adverse effects such as cardiac arrhythmias and seizures may occur
(Barnes, 1989). Despite these toxic effects, theophylline remains useful for some
patients, especially those with nocturnal asthma (Alpers, 1991; Frew and Holgate,
1993). For maintenance therapy, twice daily dosage of a slow release preparation

should be used (Barnes, 1989).

2.5.4 Ipratropium bromide

Cholinergic antagonists have been used for many centuries in herbal remedies for
asthma but their adverse effects have proved unacceptable (Barnes, 1989). The
development of ipratropium bromide, a quaternary ammonium derivative which is
not readily absorbed from the gut and does not cross the blood-brain barrier,
subsequently reducing the incidence of adverse effects, has rcnev?ed interest in this

group of drugs (Barnes, 1989).

Ipratropium bromide acts by blocking muscarinic receptors in smooth muscle
leading to inhibition of vagal cholinergic tone, resulting in bronchodilation.
Cholinergic  antagonists provide various levels of protection against
bronchoconstrictor challenges, are not particularly effective against allergen
challenge, do not block the late phase response and do not inhibit the release of
mediators from mast cells (Cockcroft et al, 1978; Howarth et al, 1985; Gross,

1988).

Ipratropium is less effective than adrenergic agbm’sts in the treatment of asthma
(Barnes, 1989) and should not be used as a first line drug or sole therapy for asthma
(Alpers, 1991). The onset of action is slower than {3;-agonists but the action is
more prolonged, lasting up to 8 hours and may be of more benefit to patients with
a major component of bronchitic symptoms (Bai'ncs, 1989). The addition of

ipratropium bromide to anti-asthmatic therapy may provide better therapeutic
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coverage in some patients, especially those with severe acute asthma (O'Driscoll et

al, 1989; Rees and Price, 1995a).

2.5.5 Sodium cromoglycate

Sodium cromoglycate has been classified as an anti-allergic agent. This is because of
its prophylactic action by suppressing allergic response without possessing anti-
inflammatory properties (Paterson et al, 1995). The mechanism of action of
sodium cromoglycate is still not clear. Because sodium cromoglycate inhibits the
immediate response to allergcr‘m and exercise, it was originally thought that this
was achieved by inhibiting the release of mediators (Cockcroft and Murdock,

1987).

It has also been suggested that sodium cromoglycate may act on other
inflammatory cells such as macrophages or eosinophils because of its ability to
inhibit the late response and bronchial hyperresponsiveness, whereas other mast
cell stabilising drugs do not (Barnes, 1989). In addition, it has-been suggested that
sodium cromoglycate may act on sensory nerves in the airway involved in the

neural mediation of bronchoconstriction (Barnes, 1989).

There has been considerable recent promotion of sodium cromoglycate, given its
anti-allergic properties, the very low incidence of adverse effects, an increase in
dosage, and the current understanding of asthma as primarily a disease associated
“with airway inflammation due to antigen exposure. Sodium cromoglycate is now

marketed in a 5 mg inhaler preparation in addition to the original 1 mg inhaler.

Sodium cromoglycate, while having a long history of popularity for use in
children with asthma, has now also become a recommended first-line therapy for
these patients (Alpers, 1991; Breslin, 1993). Some adults may also benefit,

particularly atopic patients and those with exercise induced asthma (McFadden and
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Gilbert, 1993; Tse and Bridges-Webb, 1993). Despite its relative safety and efficacy,
‘sodium cromoglycate is not effective in all patients and there seems to be no
indicators to predict which patients will respond (Barnes, 1989). A trial of 4-8
weeks is usually needed to determine if the patient will benefit (McFadden and
Gilbert, 1993; Rees and Price, 1995a). Nedocromil sodium is closely related to
sodium cromoglycate, with similar properties but has no advantages over sodium

cromoglycate (Ruffin et al, 1987).

2.5.6  Other drugs and new developments

Other drugs used in the treatment of asthma include those drugs, not specifically
anti-asthmatics, that act on the immune system such as methotrexate, gold salts,
and troleandomycin, which have been shown to possess corticosteroid sparing
activity (Barnes, 1989). Ketotifen, an antihistamine, showed some marginal benefit
in a study by Hendy et al (1986) and cetirazine, another antihistamine, has shown

some marginal benefit in exercise induced asthma (Ghosh et al, 1991).

Zileuton, a S-lipoxygenase inhibitor, blocks the synthesis of leukotrienes,
mediators in the inflammatory cascade. It has been shown to be effective in
improving airway obstruction and preventing associated symptoms (Israel et al,
1993); Other drugs under development include anti-adhesion molecules (inhibit
leucocyte recruitment), anti-cytokines (impair leucocyte activation, recruitment
and survival) and anti-effector cells that act by temporarily removing T cells

(Henahan, 1995).

The search for a mediator antagonist or synthesis inhibitor is unlikely to result in
the development of a new singularly effective asthma treatment (Paterson et al,
1995). It is more likely that these new cdmpounds may be combined with existing

treatments to tailor medication to individual needs.
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2.6 THERAPEUTIC CONTROVERSIES AND THE ASTHMA PARADOX

As discussed earlier, there has been an alarming increase in asthma related
morbidity and. mortality in most industrialised countries, despite medication sales
at an all time high. There have been numerous hypotheses to explain this
paradoxical increase in morbidity and mortality. Environmental factors have been
implicated, including pollution (Anonymous, 1989; Christie et al, 1992; Rennick
and Jarman, 1992; Anté and Sunyer, 1995), occupational exposure to various
compounds (Bernstein, 1992), pollens (Bellomo et al, 1992), and it is well
ciocumented that house dust mite is a trigger for asthma (Spector, 1991). Other
studies have shown that there have been major misconceptions in the community
about the disease in the past (Rubinfield et al, 1988) and a major degree of under-
recognition and under-treatment of asthma (Anonymous, 1993a; Bauman et al,
1992b; Dales et al, 1992; Gibson et al, 1993a; Gibson et al, 1993b; Marks et al, 1994,
Abramson et al, 1995), which could clearly contribute to asthma mortality. There
has, however, been a disturbing suggestion that the iﬁcreasc in asthma drug sales,
particularly bronchodilators, may not be a result of, but may rather be
contributing to, increasing asthma morbidity and mortality (Barnes and Chung,

1992).

During the 1960s, isoprenaline, a non-selective (3-agonist, was marketed in several
countries in a high dose preparation (Isuprel Forte®). An epidemic of asthma
deaths followed. Isoprenaline was implicated (Speizer et al, 1968) and mortality fell
after the pﬁblicity and withdrawal of the over the counter preparation in Britain
(Stolly, 1972). There was, however, a similar rise in mortality of asthma in some
countries which was not linked to the introduction of high strength isoprenaline

inhalers (Barnes and Chung, 1992).

A second epidemic followed in New Zealand in the 1970s with the introduction of

fenoterol. It was suggested that there was a causal association between the
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widespread use of fenoterol and asthma deaths (Crane et al, 1989a; Pearce et al,
1990; Grainger et al, 1991) which was supported by a crossover study (Sears et al,
1990) that showed worsening of asthma control with regular fenoterol use. Despite
criticisms of these studies being confounded by disease severity, fenoterol use was

clearly associated with an increased risk of death from asthma.

It was suggested that fenoterol may have more adverse effects than related
compounds due to less 3, selectivity and may have been marketed at a higher dose
than related compounds (Wong et al, 1990). It was originally thought that these
deaths were most likely due to cardiac arrhythmias induced by large doses of a less
selective Bp-agonist, given its effect of tachycardia after inhalation (Crane et al,
1989b), but there is no direct evidence of this (Barnes and Chung, 1992). It has also
been suggested that salbutamol can exert a cardiotoxic effect, evidenced by an
increase in CKMB (creatinine kinase isoenzyme), when given by the intravenous
route (Chazan et al, 1992). Although it is difficult to exclude arrhythmia as a
precipitating cause of sudden asthma deaths (Barnes and Chung, 1992), Molfino et
al (1991) found no evidence that arrhythmias are associated with near fatal attacks

in patients admitted to hospital.

It is still not clear as to whether fenoterol was responsible for the New Zealand
epidemic or whether it was simply a mafker, being a drug used in a high risk
patient, and whether the potential problem was unique to fenoterol or common to
all Br-agonists, and if so, if this is related to B, selectivity or other mechanisms
(Rubinfield, 1991). It is still argued that despite the limitations, the New Zealand
tiﬁe trends of asthma deaths are consistent with fenoterol being the main cause of

the New Zealand asthma mortality epidemic (Pearce et al, 1995).

Following the fenoterol controversy, Page (1991) hypothesised that the regular use

of all ,-agonists, due to their nature of bronchodilation, permit antigen to
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pénetratc deeper into the airways. This is suggested to result in histological
inflammatory changes and increased bronchial hyperresponsiveness, thus
accelerating airways inflammation, leading to increased morbidity and mortality
(Page, 1991). Studies have shown that regular treatment with f;-agonists can lead
‘to reduced protection against constrictor challenges, including antigens and

exercise (Cheung et al, 1992; Cockcroft et al, 1993; Grove and Lipworth, 1995b).

After the acute protective effects (decreased bronchial hyperresponsiveness) of 3o
agonist administration have worn off, there may be a rebound increase in
bronchial hyperresponsiveness with regular {3,-agonist use (illustrated in Figure 2.3
after a single dose of a [3,-agonist; Wahedna et al, 1993). It has also been suggested
that tachyphylaxis may develop due to down regulation of ;-receptors, but this
effect does not appear to occur readily (Barnes and Chung, 1992). Although
tolerance to anti-bronchoconstrictor effects has been shown, there is no conclusive

evidence as yet, to suggest that tolerance develops to the bronchodilator effects of

By-agonists (Grove and Lipworth, 1995b). Despite the hypothesis that regular ;-
agonist therapy may worsen asthma control, there is still no convincing evidence

explaining how this would happen (Fuller, 1994).

There is no doubt that asthma morbidity and mortality are clearly associated with .
increased use of (3y-agonists as patients with more severe asthma require greater (3,-
agonist rescue (Spitzer et al, 1992; Castle et al, 1993; Fuller, 1994). In a large case-
control study using linked .hea.lth insurance data-bases consisting of a cohort
population of 12,301 asthmatic patients, Spitzer et al (1992) reported that
increasing use of f3;-agonist was associated with an increased risk of mortality. In
retrospect, it has been suggested that the headlines following the study by Spitzer
et al (1992) were misleading and were based on an extremely weak association

between f-agonist use and death (Mullen et al, 1993). In addition, Suissa et al
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(1994) showed that increasing use of 3,-agonists in a patient should be regarded as a

serious warning sign of an impending life-threatening attack.

Increased Regular
_ _ /T T
Bronchial
hyperresponsiveness
Decreased
N B
0 2 4 6 8 12-59
Time (hours)

Figure 2.3 Differences in bronchial hyperresponsiveness after a single dose of 3-agonist with
regular and acute (3-agonist use. (a) Diminished reduction in bronchial
hyperresponsiveness (decreased protective effect) after regular administration of a 3-
agonist. (b) A rebound increase in hyperresponsiveness may occur after the acute
protective effect has worn off after regular administration of a 3-agonist.

(Adapted from Tattersfield, 1994).

Two possible scenarios to explain the association between increasing [3-agonist use
and increased risk of mortality have been proposed by Suissa et al (1994): the '$-
agonist hypothesis' (3,-agonist use causing worsening of asthma control) and the
'severity hypothesis' ((3,-agonist use acting as a marker for increasing disease
severity). The asthma paradox and hypothesis of a possible causal link between
increased f3,-agonist use and increased morbidity/mortality are depicted in Figure

2.4.

The hypothesis of a causal link between By-agonist use and an increase in disease
severity obviously relies on showing that B;-agonist use worsens asthma control
(Fuller et al, 1994). There have been several studies suggesting that regular f3,-
agonist use does worsen asthma control (Sears et al, 1990; van Schayck et al, 1991;

Spitzer et al, 1992). These studies, however, are in contrast to those suggesting that
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regular [3,-agonist therapy does not lead to a deterioration in asthma control or can
improve asthma symptoms (Britton et al, 1992; Pearlman et al, 1992; Castle et al,
1993; Chapman et al, 1994; Dalonzo et al 1994). These studies are summarised in
Table 2.5. In addition, asthma mortality in the United Kingdom has not increased

in the past 10 years despite a doubling in the use of 3;-agonists (Tattersfield, 1994).

{ ™

Increasing 2 -agonist use

relief of symptoms

Increased drug sales
?

THE ASTHMA PARADOX 8-Agonist b is

Increased morbidity/mortality

-
Worsening asthma control

bronchoconstriction 7
bronchial hyperresponsi » Environmental factors
\ inflammation y Severity hypothesis Poor management

Other factors

Figure 2.4 The astbma paradox. Increased sales of anti-astbma drugs, in particular 3 5
agonists, have not reduced either astbma morbidity or mortality. Have 3
agonists been contributing to worsening asthma control or have the increases in
morbidity/mortality been due to other factors such as poor management and
the environment? Suissa et al (1994) have described these possible causes as the
PB-agonist’ hypothesis and the 'severity' hypothesis respectively.

The fact remains that there have been two epidemics of asthma deaths in the last
40 years, both of which were associated with a high dose bronchodilator with less

B, selectivity than related compounds, and both epidemics resolved once the drugs
had been withdrawn (Tattersfield, 1994). Whether or not these drugs were solely
responsible has never been determined (Barnes and Chung, 1992). What cannot be
argued is that increasing (3;-agonist use in a patient is closely as-sociated with

worsening asthma severity. This indicates the need for intervention in line with
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Table 2.5 Studies examining regular versus as-needed bronchodilator therapy.
Title Study Outline Authors
Regular inhaled beta-agonist Eighty nine subjects with stable asthma took part in a  Searsetal, 1990.
treatment in bronchial asthma. double-blind, placebo controlled, randomised crossover

study over 48 weeks. Patients took either placebo or

fenoterol by DPI for 24 weeks before swapping to the

alternate DPI as well as supplementary aerosol as necessary.

Regular treatment with fenoterol was associated with

deterioration of asthma control in the majority of subjects.
Bronchodilator treatment in Two hundred and cwenty three patients participated in a two van Schayck et al,
moderate asthma or chronic year randomised controlled prospective crossover study in 1991.
bronchitis: continuous or on which patients were assigned to receive continuous
demand? A randomised controlled treatment or treatment on demand. Continuous treatment
study. without anti-inflammatory treatment accelerated decline in

ventilatory function.
The use of f-agonists and the risk Health insurance databases were examined in a cohort of Spitzer et al, 1992,
of death and near death from 12,301 patients for whom asthma medications had been
asthma. prescribed between 1978 and 1987. An increased risk of

death or near death was associated with the regular use of

inhaled By-agonists, especially fenoterol.
A twelve month comparison of Six hundred and sixty seven moderate asthmatics Britton et al, 1992.
salmeterol with salbutamol in participated in a double-blind, parallel group study taking
asthmatic patients. salbutamol and salmeterol regularly for 12 months (as well as

supplementary bronchodilation when necessary). Both

treatments were well tolerated throughout the study period

with a similar incidence of adverse effects.
A comparison of salmeterol with Two hundred and thirty four patients were divided into  Pearlman et al,
albuterol in the treatment of mild- three treatment groups (regular salbutamol, regular 1992,
to-moderate asthma. salmeterol and placebo) as well as supplementary

bronchodilation over a 12 week treatment period. Regularly

administered salbutamol was no more or less beneficial than

salbutamol used on an as-needed basis.
Serevent nationwide surveillance Treatment over 16 weeks with either salmeterol or Castle et al, 1993.
study: a comparison of salmeterol salbutamol was not associated with an incidence of deaths
with salbutamol in asthmatic related to asthma in excess of that predicted. '
patients who require regular
bronchodilator treatment.
Regular vs as-needed inhaled Three hundred and fourteen asthma patients were treated in Chapman et al,
salbutamol in asthma control. a four-week, randomised, crossover trial of regular and as- 1994,

needed salbutamol. Regular salbutamol in moderate

asthmatics was associated with less frequent asthma

symptoms. '
Salmeterol xinofoate as Three hundred and twenty two asthma patients were trested ~ Dalonzo et al,;
maintenance therapy compared with salmeterol, salbutamol or placebo for 12 weeks. No 1994,

with albuterol in patients with
asthma,

deterioration of asthma control was observed with the
regular use of salmeterol.
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current management guidelines (Anonymous, 1992; Tse and Bridges-Webb, 1993)
to reduce the reliance on bronchodilator therapy, with greater emphasis placed on
early introduction of anti-inflammatory therapy. Figure 2.5 shows the current

international consensus toward the stepwise management of asthma.
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“Clinical features pretreatment *'

Step 1. Mild Asthma Steps 2 and 3. Moderate Asthma Step 4. Severe Asthma

o Intermittent brief symptoms o >1-2 exacerbations/week e Frequent exacerbations »

. (:11:22‘/1::::_)“ al symptoms/month o Activity and sleep affected e Continuous symptoms
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. al e
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‘o Short-acting inhaléd Bt

\|/ \L/ \H/ | agonist (prn, up to 3:4/dai_ly)y -
Control \'/

not aciucved

not achieve:
[ Qutcom
i | | | 1
Control of asthma : Best possible results
Minimal (ideally no) chronic symptoms o No limitations of activities Least symptoms
Minimal (infrequent) episodes (including excrcise) Least need for inhaled  P:- agonists

No emergency visits
'Minimal need for inhaled B:-agonists

Least limitation of activities
Best PEFR with least circadian variation
Least adverse effects from medication

e (Near) normal PEFR and circadian
variation < 20%

o Minimal (or no) adverse effects

from medication + One or more features ma resent; assi
Eaucm 10 MOost severe grgclic rf wcﬁaf any %ga(un:

NB. Once sustaincd control achieved, a step-dowan reduction in therapy may be

b iﬁ‘““d corticosteroid dose refers to beclomethasone

carefully considered  (to identify minimum therapy required to maintain control) propionate

« May consider inhaled anti-cholinergic

Figure 2.5 Stepwise approach to the management of astbma. Adapted from the International
consensus report on the diagnosis and management of asthma (Anonymous, 1992).
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Pharmacoepidemiology Background

3.1 SUMMARY

Pharmacoepidemiology is a relatively new discipline involving the study of the patterns and effects of
therapeutic drug use within populations. The background and methodology of pharmacoepidemiology
and its applications in improving therapeutic drug use are examined. In addition, the current state of
drug utilisation data in Australia is discussed. The role of pharmacoepidemiology in monitoring astbma
drug therapy, in light of the astbma paradox and shift in empbasis to preventive (anti-inflammatory and
anti-allergic) medication is also discussed.

3.2 BACKGROUND OF PHARMACOEPIDEMIOLOGY

321 What is pharmacoepidemiology?

Pharmacoepidemiology is a relatively new diséipline involving the study of the
patterns and effects of therapeutic drug use within populations (Hartzema 1992;
Henry, 1988; Wertheimer and Andrews, 1995). Pharmacoepidemiology is
essentially the merging of clinical pharmacology (the study of effects of drugs in
humans) and epidemiology (the study of distribution and determinants of disease

in populations; Strom, 1994).

The methodology of pharmacoepidemiology has a three stage process. Firstly, a
sample population of subjects is studied; secondly, the information obtained from
this sample is generalised; and thirdly, a conclusion is drawn about the population
in general (Strom, 1994). This conclusion is referred to as an association. There
are four basic types of associations that can be observed in a
pharmacoepidemiology study, as shown in Table 3.1. The basis of
pharmacoepidemiological research is to differentiate between these associations
(Strom, 1994). This usually involves statistical analyses to determine if the

differences in outcomes may have occurred by chance. To find a true causal
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association, all three types of errors (random error, bias and confounding) must
be excluded (Strom, 1994). In addition, further criteria must exist for a causal
association (Table 3.2). No single criteria is sufficient for a causal association.
Analogously, it is not necessary to satisfy all criteria for a causal association

(Strom, 1994).

Pharmacoepidemiological study design may consist of randomised clinical trials,
cohort studies, case-control studies, analysis of secular trends, case series and case
reports (Strom, 1994). These studies are briefly described in Table 3.3. Case
reports, case series, analyses of secular trends, case-control studies and cohort
studies have been referred to as observational study designs (Strom, 1994). In
observational studies, investigators do not control drug therapy but observe and

evaluate the results of ongoing medical care (Strom, 1994).

Analyses of secular trends can examine trends in disease and exposure over time
or between different populations. These types of studies may be particularly
useful in the postmarketing surveillance of drugs for observing rare drug effects
that would not necessarily be observed in cohort studies due to the number of
exposed patients that would be needed (Strom, 1994). For example,.if an adverse
drug reaction is suspected in 1 in 10,000 users, a sample size of approximately
30,000 patients would be needed to provide 95% confidence in detection (Porta
and Hartzema, 1991). A limitation of analyses of secular trends is that
confounding variables cannot be controlled. Because these studies only observe
groups, they lack data on individuals. Another limitation is that disease trends
may not be ideally recorded. When examining trends in disease, there may be (i)
trends in how frequently patients ;rc diagnosed with a given disease dependent on
factors such as disease awareness at the time of diagnosis,.(ii) changes in diagnostic
methods, (iii) advances in diagnostic technology allowing a more accurate

diagnosis of previously hard to diagnose diseases, (iv) changes in coding systems,
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(v) changes in population demographics, and (vi) difficulty in differentiating
between incidence of disease and mortality rates (Strom, 1994). The inherent
scientific weakness of analyses of secular trends (ecologic studies) must be
remembered and should be regarded as being, at best, an hypothesis generating

activity (Eisdaile et al, 1987).

Table 3.1 _ Types of associations between factors studied (Adapted from Strom, 1994).
Association type Nature of association
* none independent
* artifactual: spurious or false
random error unsystematic variation
bias systematic variation
* indirect - confounded
* causal direct or true
Table 3.2 Criteria for the causal nature of an association (Adapted from Strom, 1994).

» Coherence with existing information (biological plausibility)
* Consistency of the association

» Time sequence

» Specificity of the association

« Strength of the association:
quantitative
dose-response relationship
study design
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Table 3.3 Types of pharmacoepidemiology study designs, their advantages and disadvantages
(Adapted from Strom, 1994).

Study design Description Advantages Disadvantages

Randomised Randomised clinical trials are essentially Most convincing Most expensive.

clinical trial experimental studies in which the design. Artificial.

(experimental investigator controls the therapy and Only design that Logistically more

study) randomly allocates patients between the controls for unknown difficult.
study groups. Associations demonstrated in or unmeasurable Ethical objections.
randomised clinical trials are more likely to confounders.
be causal associations than associations
shown in other study types.

Cohort studies Cohort studies identify subsets of a defined Can study mulriple Possibly biased
population and observe them over time, outcomes. outcome data.
generally comparing patients exposed to a Can study uncommon More expensive.
particular therapy with unexposed patients. exposures. May take years to
Patients are recruited into cohort studies on Selection bias less likely. ~ complete if done
the basis of presence or absence of exposure Unbiased exposure data.  prospectively.
and their subsequent disease course is then Incidence data available.
studied.

Case-control Case~control studies compare patients with a Can study multiple Control selection
disease with controls without the disease and = exposures. problematic.
differ from cohort studies on the basis of Can study uncommon Possibly biased
patient recruitment. Patients recruited into diseases. exposure data.
case-control studies are selected on the basis Logistically easier and
of presence or absence of disease, prior faster.
exposures are then studied. Less expensive.

Analyses of Analyses of secular trends, or ecologic Can provide rapid No control of

secular trends studies, examine trends in an exposure that answers. confounding factors.
is a presumed cause and examine trends in a
disease that is a presumed effect and test
whether the trends coincide.

Case series Case series are collections of patients, all of Easy quantitation of No control group so
whom have single exposure, whose clinical incidence. cannot be used for
outcomes are then evaluated and described. hypothesis testing.

Case reports Case reports, as used in Inexpensive and easy Cannot be used for
pharmacoepidemiology, are usually reports method for generating hypothesis testing.
that describe a single patient who was hypothesis. '

exposed to a drug and experienced an
adverse outcome. Case reports are useful for
raising hypotheses about drug effects that
can be tested with more rigorous studies.
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322 Applications of pharmacoepidemiological studies

Accurate population-based data on drug usage and effects are required to ensure
that drugs are safe, effective and utilised appropriately (Jacobson et al, 1992).
Investigation of prescribing patterns can be a powerful tool in rationalising drug
use and creating greater economic efficiency in health care (Clark, 1986).
'Population based data on the usage and effects of drugs can be used for (i) drug
utilisation research, (ii) studies of drug efficacy and/or adverse drug reactions,
- incorporating postmarketing surveillance (PMS), (iii) economic evaiuations of
drug therapies (Hurley and McNeil, 1988; Hurley et al, 1988) and, (iv) to define
optimal therapy or establish prescribing guidelines (MacLeod, 1991). The
advantages of using pharmacoepidemiology for PMS include factors such as large
populations may be studied over long periods of time, relatively low cost
compared to clinical trials, sample populations may include patients not normally
included in clinical trials and uncommon adverse drug reactions fnay be observed

(Strom, 1994).

There have been several recent studies which illustrate the benefits of
pharmacoepidemiology. These are shown in Table 3.4. Pharmacoepidemiolégy
has identified causal associations between gastrointestinal bleeding with individual
non-steroidal anfi-inflammatory drugs (Rodriguez and Jick, 1994; Figueras et al,
1994; Traversa et al, 1995) and possible links between oral contraceptive use and
protection from Guillain-Barre syndrome (Stricker et al, 1994), inappropriate
prcscribing practices (Henry et al, 1991; Montanaro et al, 1992; Rosholm et al,
1993) and differences in patterns of benzodiazepine use linked with morbidity and
psychosocial problems (Ekedahl et al, 1993; Ruiz et al, 1993). From these
examples it is clear that pharmacoepidemiology has already shown its ability to
act as a basis to increase the rational use of drugs, and is likely to have an

increasing _impéct on clinical medicine (Strom and Tugwell, 1990).
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3.23  Problems in therapeutic comparisons: the role of the defined daily dose

To allow any meaningful analysis of observational pharmacoepidemiology
research,- either within studies or between studies, there must be agreement on
standardised units of comparisons for drugs (Cooke, 1991). For example,
therapeutic comparisons between different drugs based on unifs of weight would
not take into account factors such as molecular weight, potency, bioavailability
and route of administration. The use of units of weight for drug comparison
between a relatively potent and selective (z-agonist, such a salbutamol, and a non-

selective (3-agonist, such as orciprenaline, becomes difficult.

Recognition of this dilemma of comparison of drugs has led the WHO (World
Health Organisation) to recommend the adoption of the defined daily dose
(DDD). The DDD is a unit of comparison between drugs and was originally
introduced by the Nordic Medicihes Commission where DDDs are defined as the
average maintenance doses for the main clinical indication of the drug in adult
patients. DDDs are not meant to be recommended doses but merely provide a
standardised unit for comparative purposes (Cooke, 1991). In Australia in 1988,
the Drug Utilisation Subcommittee (DUSC) was formed by the Pharmaceutical
Benefits Advisory Committee (PBAC) to investigate ways of providing .
comprehensive and valid drug utilisation information in Australia (Birkett, 1993).
DUSC adopted the now international unit of drﬁg utilisation, the defined daily

dose (DDD) per thousand population per day.
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Table 3.4 Some recent pharmacoepidemiology studies.
Title Author Study Outline

Modelling the market uptake of Birkett and The market uptake of simvastatin, omeprazole, budesonide,

new drugs following listing for McManus, fluoxetine and moclobemide were modelled using the sigmoid

subsidy in Australia. A report 1995. Emax model for drug-receptor binding. There were substantial

from the Drug Utilisation ’ differences in uptake rates between drugs and good fits of the

Subcommittee of the Australian model to the dara.

Pharmaceutical Benefits

Advisory Committee.

Recent trends in the prescribing Henry et al, The use of clofibrate increased to a greater extent than the

of cholesterol lowering drugs in 1991. preferred treatment for hyper-cholesterolaemia (cholestyramine

Australia. and colestipol).

Drug utilisation in general Montanaro et It was found that there was over prescription of well documented

practice: prescribing habits of al, 1992, drugs such as Hy-antagonists, ACE inhibitors, calcium

National Formulary drugs by antagonists and HMG-Co-A-reductase inhibitors. There was

GPs of Emilia Romagna (Ttaly) in frequent inappropriate prescribing of some drugs.

1988 and 1989.

Benzodiazepine prescribing Ekedahl et al, Higher than national average prescribing of benzodiazepines,

patterns in a high-prescribing - 1993, possibly due to higher psychiatric morbidity, psychosocial

Scandinavian community. problems and deviant prescribing habits.

Outpatient utilisation of anti- Rosholm et al, A large number of patients were found to be prescribed anti-

depressants- a prescription 1993, depressants in low doses suggesting that the drugs were being

database analysis. used for indications other than depression or that a large number
of patients were not given a sufficient dose, -

Comparative study on Ruiz et al, 1993.  Although total benzodiazepine use was similar in both countries,

benzodiazepine use in Canada there were striking differences in the use of individual

and Chile. benzodiazepines, possibly due to differences in the health care
systems. These differences in patterns of use may determine
differences in morbidity rates associated with these drugs.

Risk of upper gastrointestinal Rodriguez and Users of azapropazone and piroxicam had a higher risk of upper

bleeding and perforation Jick, 1994. gastrointestinal bleeding than patients using ibuprofen, naproxen,

associated with individual non- diclofenac, ketoprofen and indomethacin. Indomethacin and

steroidal anti-inflammatory ibuprofen showed a substantial increas¢ in risk fromalow o a

drugs. high daily dose.

Spontaneous reporting of adverse ~ Figueras et al, The study raised concerns about the relative safety of sustained -

drug reactions to non-steroidal 1994. . release and enteric-coated non-steroidal anti-inflammatory drug

anti-inflammatory drugs-a preparations in practice.

report from the Spanish system

of Pharmacovigilance, including

an early analysis of topical and

enteric coated formulations.

Gastroduodenal toxicity of Traversa et al, The use of ketorolac carried a greater risk of gastrotoxicity than

different nonsteroidal anti- 1995. other non-steroidal anti-inflammatory drug preparations.

inflammatory drugs.
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Table 3.4 continued.

A casecontrol study of drugsand ~ Stricker et al, A case-control study was performed to investigate the possible
other determinants as potential 1994. role of drugs and other determinants in the causation of Guillain-
causes of Guillain-Barre Barre syndrome. There was significantly lower use of oral
syndrome. contraceptives in female cases of Guillain-Barre syndrome,

suggesting that oral contraceptives may offer a protective effect.

3.3 AUSTRALIAN DRUG UTILISATION DATA

It has been suggested that Australia is falling behind many other countries,
particularly in Europe, in the important health care area of
Ipharmacocpidemiology (Henry, 1988). Major deficiencies have existed in the
routine sources of Australian .pharmacoepidcmiology data and in data collection
(Hurley et al, 1988) with no single comprehensive source. As noted by Henry
(1988), it is even difficult to answer simple questions concc;ning the number of

patients in Australia who have received a particular drug.

The main sources of drug utilisation data collection in Australia include the
Pharmaceutical Benefits énd Repatriation Pharmaceutical Benefits Schemes (PBS
and RPBS), private marketing companies such as Intercontinental Medical
Statistics (IMS), and the Australian Health Survey (Hurley et al, 1988). These and
other sﬁurccs are shown in Table 3.5. The lack of systematic methods of
examining prescribing patterns has contributed to relatively little drug utilisation
research being performed in Australia. In addition, the limited research that has
been performed has largely had to rely on incrcasingly incomplete data (Birkett et
al, 1991; Henry et al, 1991; Hurley et al, 1990; Jenkins et al, 1990), data provided
by the questionnaires completed during the Australian Health Surveys of 1977-78
and 1983-84 (Lockwood and Berbatis, 1990), on information obtained from
private market research companies (Mant et al, 1988; Harvey, 1988) or on the

National Sﬁrvcy of Morbidity in General Practice (Bridges-Webb et al, 1992).
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The formation of DUSC has addressed 3 major problems in drug utilisation
research in Australia: (i) the lack of a uniform drug coding or classification
system, (ii) the need for an adequate unit of drug utilisation measurement, and (iii)
the problefn of obtaining comprehensive and continuing data on drug

prescribing, drug dispensing and drug use (Birkett, 1993).

The major limitations of drug utilisation data from the PBS/RPBS is that the data
is incomplete. PBS data is only complete for listed drugs prescribed to pensioner
or concessional patients, drugs costing more than the maximum patient
contfibution (presently $16.20) and drugs prescribed to general patients who have
spent more than approximately $400 on PBS drugs in a calender year (under the
'safety net’ schemé). Drugs listed in the PBS schedule with a dispensed price
below the maximum patient contribution are not recorded, such as most of the
bronchodilator preparations and many drugs are not listed on the PBS or RPBS,
with - the patient responsible for full payment. Only about 60% of total
pfcscription sales are currently PBS items (based on extrapolations from 1994
Guild Digest data; Table 4.4) and this would be expected to decrease further as
patient contributions increase. RPBS data only encompass patients entitled to

treatment because of service in the Australian a.fmed forces, accounting for 7-8%
| of all community pharmacy prescriptions (Hurley et al, 1988). To correct these
deficiencies in PBS/RPBS drug utilisation data, the DUSC has collaborated with .
the Pharmacy Guild of Australia to obtain survey data on drugs not covered by
the PBS or RPBS. Data is collected from computer dispensing data in a stratified
random sample of pharmacies throughout Australia and is aggregated by drug
code. These data provide information on all PBS and RPBS categories as well as
private, general and S3 recordable items (S3Rs) and so is more comprehensive

than PBS/RPBS data alone (Birkett, 1993).
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Table 3.5 Some major sources of drug utilisation data within Australia*
Source Scope Comments
Pharmaceutical Benefits * Only drugs listed on PBS - mostly 54 items. * no data on number of paticnts, patient’s
Scheme (PBS) * prescriptions dispensed in community pharmacies or by age or sex, dosages or diagnoses.
approved doctors in isolated areas. * data set has diminished with recent
* community or private hospital patients (not public hospital increases in patient contribution,
patients).
Repatriation * drugs on restricted list. + no data on number of patients, patient's
Pharmaceutical Benefits * prescriptions dispensed in community pharmacies (not age or sex, dosages or diagnoses.
Scheme (RPBS) repatriation hospitals).
* patients entitled to treatment because of service in the
Australian armed forces.
* 7-8% of community pharmacy prescriptions.
National Survey of * GP recorded details of doctor-patient enc s * only performed in 1962-63, 1969-74 and
Morbidity in General « Stratified random sample of GPs 1990-91.
Practice. « details recorded such as patient age, sex, reasons for encounter,  * data represented as percentages rather
problems managed and drugs prescribed. than DDDs.
« not all drugs prescribed are dispensed.
Community Pharmacy « all prescriptions dispensed in community pharmacies. » this source has not been investigated in
Dispensing Records » includes recordable 53 items. depth. .
» compatibility of different software may
be a problem.
* most non-prescription drugs excluded.
Australian Medical Index  * quarterly publication with prescribing patterns for diagnosis « not all drugs prescribed are dispensed.
(AMI) produced by and utilisation patteras for drugs. * co-prescribing data limited, non-
Intercontinental Medical + based on Australian Morbidity Survey of GPs. prescription drugs excluded.
Statistics (IMS) : + Data projected to give Australian estimates. + data availability restricted and may be
costly.
- * no data on number of patients receiving
a particular drug.
Australian Pharmaceutical  » monthly publication « no data on patients, dosages or
Index (API) produced by« sales of pharmaceuticals to community pharmacies (not diagnoses.
IMS hospitals). * data availability restricted.
* prescription and non-prescription drugs.
Strategic Planning Index * quarterly publication with prescribing patterns for diagnosis « diary data recording system.
(SPI) : and utilisation patterns for drugs. « not all drugs prescribed are dispensed.
* based on survey of GPs. + data not projected.
+ details of treatment substitutions, additions and
commencements
Hospital pharmacy * all prescriptions dispensed in hospital pharmacies. » the large number of drug coding systems
dispensing records + mostly 54 items. would make merging of data difficult.

Australian Pharmaceutical
Marketing Research Group
(APMRG) survey

« quarterly report of dollar sales of pharmaceuticals to hospitals.
* 80% of manufacturers participate.

*Adapted from Hurley et al, 1988
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34 ANTI-ASTHMATIC DRUGS: THE ROLE OF PHARMACOEPIDEMIOLOGY

The benefits of monitoring anti-asthmatic drug consumption within the
community are obyious given the history surrounding the épidemics associafed
with isoprenaline and fenoterol' in the 1960s and 1970s. In addition, the Australian
Adverse Drug Reaction Committee (ADRAC), throﬁgh its parent committee, the
Australian Drug Evaluation Committee (ADEC), first noted the latest increase in
asthma associated deaths during the 1980s (NHMRC reporf, 1988). The matter was
then referred to the NHMRC in 1988. Subsequent to the NHMRC report on the
matter, an action plan and the NAC were developed, and it now séems that asthma

mortality may be falling.

Following the International Consensus Report on Asthma Management,
Toogood (1993) stated that challenges for medical research include epidemiologic
studies to critically assess the impact of recommended treatment regimens on
therapeutic outcome. The following study examined regional anti-asthma
medication sales, morbidity (indicated by hospital admissions) and asthma
mortality (asthma deaths) in Tasmania. The objective of the study was to examine
if anti-asthma medication sales were changing in line with current therapeutic
guidelines (i.e. greater emphasis on anti-inflammatory and anti-allergic therapy), if
there were any regional differences within the State @d if there was any
association between anti-asthmatic medication sales and asthma morbidity and

mortality.
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Anti-Asthmatic Pharmacoepidemiological Trends in
Tasmania from April 1991 to April 1994

4.1 SUMMARY

Pharmacoepidemiological data on the use of anti-astbmatic medications in Tasmania were examined
following the recent shift in empbasis to preventive therapy, and compared with national prescribing
trends. The prescribing of anti-astbmatic drugs in Tasmania was studied at six-montbly intervals using
data retrospectively obtained from computerised dispensing systems from almost one-third of all
community pharmacies within the State. The data collection included all prescriptions dispensed in the
pharmacies, irrespective of supply under the Pharmaceutical Benefits Scheme, the Repatriation

Pharmaceutical Benefits Scheme, as a private prescription or as a recordable S3 item.

Results of the pooled data were quantified by using the Defined Daily Doses (DDDs) dispensed. Drugs were
grouped into (3-agonists, inhaled corticosteroids, methyl xanthines, ipratropium bromide and sodium
cromoglycate, then converted to Defined Daily Doses (DDDs)/1000 population/day by extrapolation to
the entire Tasmanian population on the basis of prescription volume. National anti-astbmatic prescribing
data was provided by the Drug Utilisation Subcommittee (DUSC), and compared with Tasmanian
prescribing trends.

Tasmanian prescribing was generally similar to the national data, with large increases in the prescribing
of inbaled corticosteroids (an increase of 61% to 22.8 DDDs/1000 population/day) and ipratropium
bromide (an increase of 138% to 7.2 DDDs/1000 population/day), a decrease in theophylline usage (a
decrease of 43% to 6.6 DDDs/1000 population/day) and an increase in sodium cromoglycate prescribing
(an increase of 52% to 1.5 DDDs/1000 population/day) over the period of the study. The prescribing of 3-
agonists remained fairly stable over the period of the study although there was a large decrease of 36% in
the ratio of 3-agonists:inhaled corticosteroids DDDs dispensed.

Recent trends in the prescribing of anti-asthmatic medications were found to be similar to national trends.

Tasmanian prescribing of anti-astbmatic medications appear to be changing in line with current

management guidelines with greater emphasis on the prescribing of inhaled corticosteroids.
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4.2 INTRODUCTION

As discussed earlier in Chaptcr.Z, there has been an alarming increase in asthma
related morbidity and mortality in most industrialised countries, despite
medication sales being at an all time high. There has been a disturbing suggestion
that the increase in asthma drug sales, particularly bronchodilators, may not be a
result of, but rather may be contributing to, increasing asthma morbidity and
mortality (Barnes and Chung, 1992). There are two hypotheses to explain this
paradoxical increase in morbidity with increasing use of bronchodilators. The
'severity hypothesis' suggests that increasing bronchodilator sales are an indicator
of increasing disease severity whereas the 'B-agonist hypothesis' suggests that [3-
agonists are responsible for the adverse asthma outcomes independent of disease
severity (Suissa et al, 1994). Current management guidelines suggest a reduction in
the reliance on bronchodilator therapy with greater emphasis pléced on the early

introduction of anti-inflammatory therapy.

Pharmacoepidemiology is a relatively new discipline involving the study of the
patterns and effects of therapeutic drug use within populations (Hartzema 1992;
Henry, 1988) and may be used to observe and evaluate the results of ongoing
medical care (Strom, 1994). In this study analyses of secular trends were used to
examine the asthma paradox and regional differences in prescribing of anti-
asthmatics within Tasmania. In addition, prescribihg trends were examined to see
whether prescribing habits were changing as reéommended by current guidelines
(Anonymous, 1992; Tse and Bridges-Webb, 1993) with a greater emphasis on

preventive (anti-allergic and anti-inflammatory) medication.
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4.3 METHOD

43.1 Collection of computerised pharmacy dispensing data

Tasmania lends itself to pharmacoepidemiology studies well with a relatively
stable population of around 470,000. The trends in anti-asthmatic medication
. prescribing within Tasmania were examined using community pharmacy
computer based -dispensing records. The majority of pharmacy dispensing
computer systems used within the State are either Amfac-Chemdata Il and IV
(Canberra, ACT), or Tasmanian Pharmacy Computer Users Group (TPCUG;
Lindisfarne, Tas) systems. Both of these systems offer a drug summary facility
whereby all drugs dispensed over a designated time period can be counted from
the stored computer records and printed out in a drug summary list. This list
contains all PBS/RPBS, general, private and S3 recordable drugs (by brand name)
and the number of unit quantities dispensed (an example is shown in Figure 4.1
for both Amfac-Chemdata and TPCUG systems). This computer generated drug
summary list is far more comprehensive than PBS/RPBS data alone as only
concessional, pensioner and ‘safety net' MDI prescriptions are recorded on
PBS/RPBS databases. The method for obtaining drug summary lists from both
the Amfac-Chemdata and TPCUG pharmacy dispensing computer systems are

shown in Figures 4.2 and 4.3 respectively.

All pharmacies dispensing PBS items within the State were sent a letter in May
1992 explaining the project (Appendix 1), an outline for obtaining drug summary
lists from both the Amfac-Chemdata and TPCUG pharmacy dispensing computer
systems (identical to Figures 4.2 and 4.3 respectively), and a return postage paid
envelope. The letter invited pharmacists to participate by sending monthly
dispensing data (retrieved from their dispensing computer systems via the drug
summary facility) for the months of April 1991, October 1991 and April 1992 in a

return postage paid envelope to the Tasmanian School of Pharmacy. The drug
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summary lists were then examined for the anti-asthmatic medications shown in
Table 4.1 with the drugs and quantities entered into a spreadsheet for further
analysis. This is discussed further in Sections 4.3.2 and 4.3.3. A virtually identical
letter was sent out to all pharmacies dispensing PBS items within the State in May
~ 1993 which invited pharmacists to contribute Octdbér 1992 and April 1993 data.
A notice asking for contributing pharmacies was also included in the TPCUG
newsletter (Appendix 2). A final letter was sent out in May 1994 inviting
pharmacies to contribute October 1993 and April 1994 data, as well as offering
$10 in payment from a dedicated research grant to offset time and paper costs.
The data were collected every six rﬁonths during April and October to minimise

any end of year bias associated with the 'safety net' scheme.

It was not a requirement that the same pharmacies participate throughout the
course of the study as all data were pooled for each month into two regions. This
was stressed in both follow-up letters. Data were pooled into Southern Tasmania
(002 telephone area code including Hobart) and Northerﬁ Tasmania (003 and 004
area code encompassing Launceston, the North East and the North West of the

State).

Not all pharmacies were able to provide comprehensive prescription data, either
due to technical difficulties in retrieving data from the computer or for perceived
confidentiality reasons (in relation to total dispensing volumes). For calculations
involving DDDs/1000 population/day it was necessary that the total
prescriptions (dispensing volume) for each pharmacy be provided although it was
not necessary that the collection period was a full month (see also Section 4.3.2).
Unfortunately some pharmaciés did not provide dispensing volumes, therefore

their data could not be used for DDDs/1000 population/day calculations.

46



Chapter 4

Table 4.1 Anti-asthmatic drugs (generic and brand name) shown with their
Nordic defined daily dose (DDD) recorded from drug summary lists.
Generic drug Brand names Nordic DDD Drug type
Salbutamol Asmol® 10 mg Inhal. solution B-agonist
Respolin® 0.8 mg Inhal. aerosol/powder
Respax® 12 mg oral
Ventolin® 12 mg parenteral
Terbutaline Bricanyl® 20 mg Inhal. solution B-agonist
2 mg Inhal aerosol/powder
15 mg oral
15 mg parenteral
Salmeterol Serevent® 0.1 mg Inhal. acrosol/powder B-agonist
{First listed on the PBS co-payment
schedule as an awthority item in 1995.)
Fenoterol Berotec® 4 mg Inhal. solution B-agonist
(MDI delisted from the PBS 0.6 mg Inhal aerosol/powder
co-payment schedule in 1990.) 10 mg oral
10 mg rectal
Orciprenaline Alupent® 6mg Inhal. aerosol B-agonist
60 mg oral
60 mg parenteral
Beclomethasone dipropionate Aldecin® 1.5 mg Inhal. solution inhaled corticosteroid
Becloforte® 0.8 mg Inhal aerosol/powder
Becotide®
Budesonide Pulmicort® 1.5 mg Inhal. solution inhaled corticosteroid
(First listed o the PBS co-payment 0.8 mg Inhal aerosol/powder
schedule in 1991.)
Theophylline Austyn® 0.4 g oral methyl xanthine
Elixoplgrl.li.ne@ 0.4 g parenteral
Nuelin 0.4 g rectal
Slo-bid®
Theodur®
Aminophylline Cardophyllin® 0.6 g oral methyl xanthine
0.6 g parenteral
0.6 g rectal
Choline theophyllinate Choledyl® 0.6 g oral methyl xanthine
0.6 g parenteral
0.6 g rectal
Ipratropium bromide Atrovent® 0.12 mg Inhal. aerosol/powder anti-cholinergic
0.3 mg Inhal. solution
Sodium cromoglycate Incal® 80 mg Inhal. powder/solution anti-allergic
40 mg Inhal. aerosol (excluding inhaled

corticosteroids)

DDDs adapted from Anatomical Therapeutic Chcmciai (ATC) classification index, January 1993, WHO Collaborating

Centre for Drug Statistics Methodology, Oslo, Norway.
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However, these data were used in the analysis of regional differences in
prescribing since the relative dispensing ratios of different anti-asthmatic drugs
were examined and dispensing volumes were not necessary for this analysis (see

also Section 4.3.3).

Those pharmacies that provided dispensing volumes for the entire month were
compared with the average Australian dispensing volumes per month. This data
was provided by the Pharmacy Guild of Australia from a random sample of 263,
244, 271 and 273 pharmacies throughout Australia for 1991, 1992, 1993 and 1994
respectively. These figures were compared with the Tasmanian dispensing volume
per month using two-tailed one sample t-tests (Instat® Ver 2.0, Graphpad

Software, San Diego, CA, USA).

4.3.2  Analysis of prescription data: calculation and analysis of Statewide DDDs/1000
population/day

The calculation of Statewide DDDs/1000 population/day required drug summary
data from responding pharmacies to be extrapolated to the total Tasmanian
population. It was not necessary that the data be complete for the entire month.
This calculation of Statewide DDDS/ 1000 population/day was performed in two
steps. Firstly, the drug summary data was converted to a ratio of anti-asthmatic
DDDs dispensed per total prescription volume. The second step involved
extrapolating this ratio to find the DDDs of anti-asthmatics dispensed to the
entire Tasmanian population. These calculations are described in more detail in

Sections 4.3.2.1 and 4.3.2.2.

4.3.2.1 Calculation of DDDs dispensed per total prescription volume
The unit quantities of anti-asthmatic drugs and the total prescription volumes

(PBS/RPBS, general and private) from which they were dispensed were recorded

48



Chapter 4

from the drug summary lists and entered into a spreadsheet (Microsoft Excel® 4.0,
Microsoft Corporation, Redmond, WA, USA). An example of the spreadsheet
layout is shown in Figure 4.4. The unit quantities of each drug dispensed were
then converted into DDDs dispensed and grouped into one of five classes of anti-
asthmatic drugs. Drugs were grouped into [(3-agonists, inhaled corticosteroids,
methyl xanthines, ipratropium bromide and sodium cromoglycate (see Table 4.1).
Each of the five groups were then divided by the total prescription volumes from
which they were dispensed giving a ratio of DDDs per total prescriptions for each
of the five classes. This was repeated for each pharmacy that provided
prescription totals with their drug summary data. Simple descriptive statistics
including mean, 95% confidence limits of the mean and standard deviations were
calculated for DDDs dispensed to total prescription volume ratios for each of the
five groups. This procedure was repeated for each month of sampling.

4.32.2 Extrapolation of DDDs dispensed to the Tasmanian population and calculation of Dst/ 1000

population/day

Unfortunately, the Pharmacy Guild of Australia had only limited information
regarding the number of total prescriptions dispensed per year in Tasmania based
on samples of only 10, 20 and 13 pharmacies for 1991, 1992 and 1993 respectively.
These sample sizes were less than the number of responding pharmacies in this
study. While th¢re is no published information of total prescriptions dispensed in
Tasmania, there are reliable data on dispensing under the PBS within the State.
Because of this, the number of total prescriptions dispensed per year in Tasmania
was estimated by multiplying the number of Tasmanian PBS prescriptions per
year by the ratio of Australian total prescriptions to Australian PBS prescriptions.
Australian total prescriptions were provided by the Pharmacy Guild of Australia
(based on random samples of 263, 244, 271 and 273 pharmacies throughout
Australia for 12 months trading up until the 30th of June 1991, 1992, 1993 and

1994 respectively). Australian PBS prescriptions (Government derived figures
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published in the Pharmacy Guild of Australia Guild Digest) were obtained from
the Pharmacy Guild of Australia.

The estimated total Tasmanian prescriptions were then divided by 466.802,
469.685, 471.400 and 475.100 for 1991, 1992, 1993 and 1994 respectively
(Tasmanian population divided by 1000; 1994 population estimated at 30th June
1994, source: Australian Bureau of Statistics) and 365 (days in a year) to give total
prescriptions/1000 population/day. This number was then multiplied by the
mean, 95% confidence interval and standard deviation DDDs dispensed:total
prescription volume ratio for each class of anti-asthmatic drug to give the mean,
95% confidence interval and standard deviation for DDDs/1000 population/day
for each class of drug for each month. The calculation outline is shown in Figure
4.5 with an example calculation. These Tasmanian DDDs/1000 population/day
data for October 1991, 1992 and 1993 were then compared with DUSC national
data from 1991 to 1993 using two-tailed one sample t-tests (Instat® Ver 2.0,

Graphpad Software, San Diego, CA, USA).

433  Analysis of prescription data: analysis of regional differences in prescribing

To calculate DDDs/1000 population/day, the amounts of drugs utilised by a given
sample population must be divided by a known population size. DDDs/1000
population/day could not be used as a measure of drug utilisation in both South
and North regions as population boundaries were unable to be defined from the
responding pharmacies and estimates of PBS prescriptions for each region were
needed to calculate DDDs/1000 population/day. Regional differences were studied
by examining the relative prescribing of each of the five anti-asthmatic amg groups
(B-agonists, inhaled steréids, methyl xanthines, ipratropium bromide and sodium

cromoglycate). Drug summary data that did not include dispensing volumes (i.e.
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Figure 4.1

021815

BECOTIOE ROTACAPE we
BENADRYL

An example of drug summary reports received from both Am/fac-

Chemdata and TPCUG pharmacy dispensing computer systems
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Amfac-Chemdata
= DAILY TRADING SUBTOTALS - 14/5/92 oEnsrtemm. page 1.
DRUG 1D SALES BASE PROFIT GOVT NO WHS NO
VALUE FPRICE PAYHENT
ATROMID-~9 CAP 300NMG6 100 15.00 6.68 G 12 1 1124388
ATROPINE-SLL AME> LOOMEE 5 1.36 1.34 1
ATROVENT INHALER AER200 | 20,72 20.7V2 2 #haoun
ATROVENT RESP SOLN20OML 2 80.850 50.50 S
AUGMENTIN SYRP 128MG/SM L 13.55 4.87 8.48 1
ALIGMENTIN TAR 250/125 1S5 15.856 185.8B5 2 111013
ALGMENT IN~FT 8YRP 250MG 1 18.00 &. 94 8.04 1
BECLOFDRTE AERD 250MCG 1 32.00 99.00 4
BECONAEE NAS-8PR AD 1 23.20 ?.84 13.34 1
BECOTIDE INHALER 100MCE 1 103.85 94.1& 9. 469 8 #Nta
BECOTIDE INMALER SOMCG 1 17.87 17.47 3 #dabNd
BETALOC TAE 100MG 40 .05 2.05
BETNOVATE CRM 0.054135G §
TNOVATE CRM 0.0
Tasmanian Pharmacy Computer Users Group
= L] BEETWARST FEEE=s e MR pp———
PA POE 31 PDE Order ITEM  {mintmum 1) AMOUNTS —> ODispensed On hand
68950 112458 _____  ATROMID-3 CAPS 500mg ~——=—w==———> 2 Rug8 = 200 —-—=|____
pB2534 040692 _____  ATROPT EYE DROPH 1% 16mL =mwes==r | Rxs = | ama| 7"
062381 318681 ____ ATROVENT JMHALER ? 5 Ras = L
071021 240283 _____ AYTROVENT WEBUL SOLN 20mL swmase> ¥ Rys = 21 ===|____
370352 354100 _____  ATROYENT UMV 240meg (38) ———===> I Rxz = R
79380 354082 _____ ATROVENT UDV 300mcg (30) wsmuswss> 5 Rxs = 6 ==={____
34825 11146 _____ AUGMENTIN FORYE SYR 7SmL ——-——~> 7 Rxs & et P
34808 111688 _____  AUGMENTIN FORTE TAHS —swaouawse> 16 Rx$ = 240 ===|____
34897 11120 _____  AUSMENTIN SYRUP TSmL ————————=-> 12 RX8 = 12 ~=m]____
34798 111013 _____ AUGMENTIN TABS s=ssrowmsoxsusza> 47 Rxs = 788 =s==|____
61827 D29545 _____  AURORIX TABS 150mQ —————am———==3> % Rx$ = 300 ~~=|____
15903 178780 _____  AUSTYN CAPS 300mg =swowwscwowsss ¢ Rx§ & 200 ===f____
D97DD4 2B2087 ____~  AVIL TABS 50mg “=3> 1 RXS ® SO ~-=]____
72192 096321 _____  AVOMINE TABS 28my =sa=asssccuwaswd |0 Rxs & 3900 ===|____
73190 098321 _____ AVOMINE THEDC TABS 25mg -—————- > 1 Rxs8 = 90 ~==]____
$4872 Q71662 ____~ BACTRIM 08 TAES ===s=ssscszasass>  § - 50 emw| |
591308 200098 _____  BACTKIM SYRUM 100mL S/F —=wmewcws - O J—
534587 080889 _____  BACTROGAN OINT 18g 2% ====cscmm> 3 - 9 amm| |
S59%178 211324 _____ BECLOFORTE INHALER 250 ~-——e—we > 23 S s
85194 1923813 ____~ GECONASE AQ NABSAL BPRAY semweww> 13 - 19 wamf T
392464 0§3230 _____  DECONASE NASAL SPRAY ——scwwmwms> 3 - R
02218 308187 _____ BECOTIDE [NHALER 100 swem==om=z=» 24 w24 wes| T
155718 _____  BECOTIDE [NHALER S0 ==—=—=—g -
w—“hn
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Amfac-Chemdata instructions:

F2- END DAY Do vou want a cancellation report? N -no. I
A 4
| Select End of Day run type. M - manual.
N
o ] ti
R - reporting.
¥ % [tis important to select
the F1 option (From
* Archive) otherwise it is
OK to run reporting? F1 - (FROM ARCHIVE) not possible to nominate
I — a time period.

Summary to Labels printer, Repeats printer, Notes printer, Alternate printer, Screen.
{Please select appropriate printer.)

Y

Which type of paper? W - wide continuous.

A 4
Select criteria for detailed printout. N - no script printout.
L4
Drug Y printout required? Y -yes

Insert Dual History Archive Disk in floppy drive.
Archive Disk mounted.
Dates run from : dd/mm/yy

to: dd/mm/yy
Number of Dual History records on disk ; ####
~
Enter dates for Summary : Start Date
to: End Date
A 4 I
( [ R - LONG SEARCH |

-
IOK to print trading totals? Y -yes |_)_|Prmt ACCNT audit trail? N -no |_)_|Q - quit from End Day. |

1
These are needed to calculate asthma prescriptions as the percentage of total prescriptions. If you are not prepared to divulge
the sales figures, could you please f d the first two coll of Trading Totals - Table 1 (ie. No. Items for G NHS, 5 NHS,

Pens., Entl,, Conc., mi. D Baﬁ Gvtot, Priv., TOTAL).

Figure 4.2 Outline for obtaining drug summary lists from Amfac-Chemdata computer dispensing
system.
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Tasmanian Pharmacy Computer Users Group Instructions:

Iti ial that data f | . hi lysed
i.e. all data for April 1993, October 1993 and April 1994.

MAIN MENU

DISPENSING REPORTS MENU
Drugs Used/Reorder .....1

Enter commencement date : dd/mm/yy
Enter finishing date : dd/mm/yy

You may elect to see the quantities of [ ] or more, Press [Enter] for all.

Manufacturers code [ ], Press [Enter] for all.

Do you want generically dispensed items listed by brand name? Y - yes

Do you want a hard copy? Y - yes

Is above correct? Y - yes

Any more? N - no

N.B. It is advisable that the above procedure be carried out
after closing to avoid tying up the computer.

Figure 4.3 Outline for obtaining drug summary lists from TPCUG computer dispensing
system.
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6.
2. 3.
25 £ 7.
-. = =
: fESEEE
e jﬁ == 4 -
Eerb g
SSEESEESC
4,
L

List of anti-asthmatic drugs and unit quantities.

Quantities of anti-asthmatic drugs dispensed for each individual pharmacy in each
column.

Anti-asthmatic DDDs dispensed for each individual pharmacy in each column.
Anti-asthmatic DDDs dispensed and total prescription numbers for each individual
pharmacy in each column grouped into 3-agonists, inhaled steroids, methyl
xanthines, ipratropium bromide and sodium cromoglycate. -

Grouped anti-asthmatic DDDs dispensed for each individual pharmacy (from 4)
divided by the corresponding total prescriptions for that pharmacy.

Descriptive statistics performed on each class of anti-asthmatic (from 5).

Descriptive statistics performed on total prescription numbers.

Figure 4.4 An example of Excel® spreadsheet layouts used to calculate the

DDDs dispensed per total prescription numbers. This was then used in the
calculation of DDDs/1000 population/day for each sample month
(shown in Figure 6.3).
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Amfac-Chemdata TPCUG
drug summary drug summary

Step 1. Calculation of mean DDDs per total prescription
numbers with 95% confidence limits for each clasa
of anti-asthmatic drug

Statewide mean DDDs per total prescription
numbers with 95% confidence limits for each
class of anti-asthmatics for each sampled

month.

Data entered into speadsheet
as shown in Figure 4.4

Step 2. Calculation of Tasmanian DDDs per 1000 people per day

vor
Australian total
. prescriptions per year —.  Estimated Tasmanian total
Tasamma'mtt_m PBS - prescriptions per year
prescriptions Australian PBS
prescriptions per year
Estimated Tasmanian x ! x 1 __' Tasmanian total
total prescriptions (Tas. population /1000) 365 ~— prescriptions
per year per 1000 population
per day
Tas. total prescriptions X Tasmanian mean DDDs DDDs per thousand
per 1000 population per for each class of anti-asthmatics ——  population per day
day per total prescriptions for each class of
anti-asthmatic
Tas. total prescriptions 95% confidence limits on 95% confidence limits on
per 1000 population per x Tasmanian mean DDDs ——  DDDs per thousand
day - for each class of anti-asthmatics population per day
per total prescriptions for each class of
anti-asthmatic

Example calculation for April 1991 inhaled corticosteroids.

Mean DDDs per total prescription numbers = 0.5307
95% confidence limits on mean DDDs per total prescription numbers = 0.074

2,640,507 x [m:l - 4530184 Estimated Tasmanian total

96,300,259 prescriptions per year
! ! Tasmanian total prescriptions
4530184 5 w1000 X %5~ 2657 per 1000 population per day
Mean: 26.59 x 05307 = 1411 DDDs/1000 population/day

95% confidence: 26.59 x 0074 = 196 DDDs/1000 population/day

Figure 4.5 Outline of calculation of DDDs per thousand population per day with
95% confidence limits.
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could not be used for calculation of DDDs/1000 population/day) were combined
with data used for calculation of DDDs/1000 population/day for analysis of
regional differences. The dispensed quantity of each dosage form for each drug was
grouped into Southern, Northern and Statewide data and converted to DDDs.
Drugs were grouped into the five classes of anti-asthmatics. Statewide prescribing
trends for each class of compound were examined over the sampling period using a
chi-square test for each region (Statview® 4.01, Abacus Concepts Inc., Berkeley

CA, USA).

The regional differences in prescribing between the North and South were
examined for each class of compound using a chi-square test for each month.
Southern and Northern prescribing trends with time for each class of compound

were examined over the sampling period using a chi-square test for each region.

43.4  Australian and Tasmanian asthma morbidity and mortality
Tasmanian and Australian asthma mortality data were obtained from the
Australian Bureau of Statistics. Tasmanian morbidity data (Statewide and
regional; basea on hospital admissions with asthma as the primary diagnosis) were
obtained from the Tasmanian State Health Department for each month of
sampling. Statewide hospital admissions included both public and private hospital
admissions. Regional data only included public hospital admissions due to
confidentiality agreements with the private hospitals. These Statewide and
regional measures of morbidity were plotted with the Statewide and regional
ratios of (3-agonist: inhaled steroid DDDs dispensed. A Spearman rank correlation
test was used to test for any association between Statewide morbidity and the

relative prescribing of relieving and preventive medication.
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4.4 RESULTS
441  Analysis of prescription data
The numbers of responding pharmacies for each time period are shown in Téblc
4.2. Australia-wide average dispensing volumes are shown in Table 4.3. The
mean monthly dispensing volumes for responding pharmacies that included
prescription totals were significantly lower than the Australian averages for
community pharmacies (provided by the Pharmacy Guild of Australia) in 4 out
of 7 sampled months. Significant differences were found in monthly pharmacy
prescription volumes for April 1991 (t=3.05, df=25, p<0.01), April 1993
(t=2.05, df=37, p< 6.05), October 1993 (t=2.28, df=41, p < 0.05) and April 1994
(t=3.42, df=40, p<0.01). It should be noted, however, that the average
Tasmanian monthly dispensing volumes from responding pharmacies could only
be calculated from those pharmacies that provided complete monthly data with
prescription totals. Therefore, these figures should only be seen as a guide to the
dispensing volumes of all responding pharmacies in this study. In addition, true
dispensing volumes per pharmacy may be lower in Tasmania than the national
average as the Tasmanian population:pharmacy ratio is almost 7% lower than the

national average (Guild Digest, 1994).

442 Tasmanian prescribing trends from April 1991 to April 1994

DDDs/1000 population/day for each of the 5 groups of anti-asthmatic
medications and totals were calculated as outlined in Section 4.3.2. These are
shown in Table 4.4. It was found that the total anti-asthmatic DDDs/1000
population/day dispensed in Tasmania increased slightly over the period of the

study with a peak in October 1992 but dropped in April 1994.
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Table 4.2 The number of responding pharmacies, pharmacy dispensing volumes and total
prescriptions analysed for anti-asthmatics in the North, South and Statewide over the
course of the study. Data contributed by all pharmacies were used to examine regional
relative differences in prescribing. Data from those pharmacies that provided
prescription totals were also used to calculate DDDs/1000 population/day. Data from
pharmacies that included prescription totals and were complete for the entire month
were used as a guide to the dispensing volumes of the responding pharmacies.

April91  October91  April92  October92  April93  October93  April 94

South contributing 15 21 23 22 21 24 23
pharmacies® (20.0%) (28.0%) (30.7%) (29.7%) (28.3%) (32.4%) (31.1%)
South total prescriptionsb 21,663 37,719 44,330 46,740 40,467 50,897 43,579
(13) (18) @1 (22 (21 24) @)
South total prescriptions 1,666 2,09 2,189 2,168 1,986 2,121 1,955
per month per pharmacy + 584 + 808 +1,075 +1,088 + 664 724 1743
(mean + SD)" . (13 (18) (20) @n (20 24 @2
North contributing 15 16 24 20 20 19 20
pharmacies® (20.5%) (22.9%) (34.2%) (28.6%) (28.6%) (27.1%) (28.6%)
North total prcscriptionsb 28,340 33,033 54,286 47,989 47,787 48,022 46,064
13 (14 @2 19 a9 (19) (20).
North total prescriptions 2,180 2,360 2,468 2,525 2,535 2,595 2,372
per month per pharmacy +844 +1,056 +1,130 +1,244 +1,173 1,275 1,209
(mean *SD) (13) (14) (22) (19 (18) (18) (19)
State contributing 30 37 47 42 41 43 43
pharmacies® (20.2%) (25.5%) (32.4%) (29.2%) (28.5%) (29.9%) (29.9%)
State total prcscriptioﬁsb 50,003 70,752 98,616 94,729 88,254 98,919 89,643
(26) 32 “43) “y (40) 1CS) I ()
State total prescriptions 1,923 2,211 2,335 2,338 2,246 2,324 2,148
per month per pharmacy +758 +919 +1,100 +1,162 + 967 +1,013 +996
(mean +SD)* (26) (2 “2) (40) 8 “42) “n

Number of pharmacies contributing data with the response rate shown in parentheses. Used for analysis of
regional differences in prescribing where prescription totals not needed.

From pharmacies contributing data with prescription totals but not necessarily for the entire month. The
number of responding pharmacies are shown in parentheses. Data from these respondents were used for
DDDs/1000 population/day calculations.

Dispensing volumes calculated only from those pharmacies that provided complete monthly data with
prescription totals. The number of responding pharmacies with complete data are shown in parentheses.
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Table 4.3 Australia-wide average dispensing volumes from community pharmacies provided by
the Pharmacy Guild of Australia for the financial year.

1990:91 1991-92 199293 1993-94
(S:::Il:e:iz: pharmacies) 263 244 271 273
(J;:;? gpﬁéﬂ;ﬂ:ﬁ ;:::?;R e 30876 30,448 33,393 34,852
E;‘Z:sr?g;;?l;fjﬁ: :r:::l:;'c per week 594 586 642 670
Average total prm-ription volume per month 237 234 2563 2680

(PBS, RPBS, general and private)*

*calculated from prescription volume per week

Drug utiiisation trends (in terms of DDDs/1000 population/day) for each of the
five groups of anti-asthmatics are shown in Figure 4.6. It was found that the
DDDs/1000 population/day of B-agonists dispensed in Tasmania was relatively
similar for April and October 1991, fell slightly in April 1992, then increased in
October 1992 before decreasing steadily for the remaining months up to and
including April 1994. It was found that the DDDs/1000 population/day of
inhaled corticosteroids increased steadily to a peak value in October 1992 before
levelling out for the remaining months up to and including April 1994. The
DDDs/1000 population/day of methyl xanthines decreased steadily by 43% over
the period of the study as shown in Figure 4.6. The DDDs/1000 population/day
of ipratropium bromide increased steadily to a peak value in October 1993 before
levelling out for April 1994 to remain at greater than twice the level of April 1991
prescribing. It was found that the DDDs/1000 population/day of sodium
cromoglycate increased steadily to a peak value in October 1993 (approximately a

60% increase over April 1991) before levelling out for April 1994.

Relative prescribing trends of each class of anti-asthmatic were examined for the

State over the period of the study. Overall, there were relatively large increases in
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inhaled corticosteroid and ipratropium use, an increase in sodium cromoglycate
use and a decline in methyl xanthine use during the time period from April 1991

to April 1994 (chi-square=23088, df=24, p <0.0001). B-Agonist use fell after

April 1991 and was fairly stable for the remainder of the study.

443 Tasmanian prescribing and comparison to Australia-wide DUSC data

DUSC data is obtained from a stratified random sample of pharmacies
throughout Australia. The data obtained from October for 1991, 1992 and 1993
was compared with the DUSC data for 1991, 1992 and 1993 (Table 4.5 and Figure

47).

As can be seen from Figures 4.6 and 4.7, general similarities were found between
the Tasmanian DDDs/1000 population/day and the DUSC data. These
similarities included (i) a slight increase in f3-agonist DDDs/1000 populétion/ day
in 1992 before levelling out with the Tasmanian levels dropping slightly, (ii) large
increases in the preécribing of inhaled corticosteroids and ipratropium bromide
(iii) a decrease in methyl xanthine prescribing, and (iv) an increase in sodium
cromoglycate .prescribing. The total anti-asthmatics (both DUSC data and

Tasmanian data) remained fairly stable over the period of the study.

It was found that there were statistically significant differences in Tasmanian
utilisation of anti-athmatics compared to the data obtained from DUSC. The
prescribing of total anti-asthmatics in Tasmania were significantly higher than
national DUSC data in 1991 (‘t=2.62, df=31, p<0.05) and 1992 (t=2.93, df=40,

p < 0.01). These differences are clearly shown in Figure 4.8.

~ The utilisation of (3-agonists in Tasmania was significantly higher than the DUSC

national data for 1991 (t=3.35, df=31, p<0.01), 1992 (1=3.78, df=40, p <0.001)

60



Chapter 4

and 1993 (t=2.40, df=41, p < 0.05). These differences are clearly shown in Figure
4.9. It should, however, be noted that the DUSC data for (3-agonist DDDs/1000
population/day displayed a dip in 1991 compared to the previous and following

years, as can be seen in Figure 4.7.

The dispensing of inhaled corticosteroids fluctuated in Tasmania in comparison
to national DUSC data, with Tasmanian DDDs/1000 population/day
significantly higher than DUSC figures for 1991 (t=2.71, df=31, p=0.01). These
differences are shown in Figure 4.10. The prescribing of methyl xanthines was
significantly higher than national DUSC data for 1992 (t=2.36, df=40, p <0.05)
as shown in Figure 4.11. There were no significant differences in Tasmanian
prescribing of ipratropium bromide in comparison to the national DUSC data
for the period of the Study'(Figure 4.12). The prescribing of sodium cromoglycate
fluctuated in comparison to national DUSC data with Tasmanian DDDs/1000
population/day significantly higher than DUSC data for 1992 (t=2.28, df=40,
p<0.05) and 1993 (t=2.18, df=41, p<0.05). These differences in sodium

cromoglycate prescribing are shown in Figure 4.13.

444 Regional prescribing trends

Regional utilisation trends for each class of anti-asthmatic were examined over
the period of the study. Southern Tasmania showed a large increase in inhaled
corticosteroid use, a smaller increase in ipratropium bromide and sodium
cromoglycate use and a decline in methyl xanthine use over the time period April

1991 to April 1994 (chi-square=10682, df=24, p <0.0001). 3-Agonist use fell after

April 1991 and was fairly stable for the remainder of the study.

Similarly, Northern Tasmania showed a large increase in inhaled corticosteroid

use, an increase in ipratropium bromide and sodium cromoglycate use and a
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decline in methyl xanthine use from April 1991 to April 1994 (chi-square=13394,
df=24, p <0.0001). B-Agonist use fell after April 1991 and was fairly stable for the

remainder of the study.

445 Regional differences in prescribing

Regional differences in prescribing for each of the classes of anti-asthmatics are
summarised in Table 4.6. Regional differences in the relative prescribing of anti-
asthmatic classes between the South and North of the State were examined using
a chi-square test for each month of sampling. It was found that in April 1991
among the anti-asthmatic drug classes there were significantly higher levels of
prescribing of (3-agonists in the South, and higher levels of methyl xanthine and
ipratropium bromide prescribing in the North (chi-square=331, df=4,
p <0.0001). This same pattern continued in October 1991 (chi-square=439, df =4,
p <0.0001), April 1992 (chi-square=1078, df=4, p <0.0001), October 1992 (chi-
square=492, df=4, p<0.0001) and April 1993 (chi-square=1158, df=4,
'p<0.0001). In addition, in April 1993 there were relatively higher levels of
sodium cromoglycate prescribed in the South of the State. In October 1993 there
were higher levels of inhaled corticosteroids prescribed in the South, higher levels
of ipratropium prescribed in the North with little significant difference in the
prcscribing of B-agonists, methyl xanthines and sodium cromoglycate (chi-
square=1340, df=4, p <0.0001). In April 1994, a similar pattern continued with
significantly higher levels of prescribing of B-agonists and sodium cromoglycate
in the South, and higher levels of methyl xanthines and ipratropium prescribing

in the North (chi-square=1282, df=4, p < 0.0001).
These regional differences are best illustrated in Figures 4.14, 4.15, 4.16, 4.17 and

4.18 for (3-agonists, inhaled corticosteroids, methyl xanthines, ipratropium and

sodium cromoglycate respectively. These figures show the dispensing of each
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class of anti-asthmatic drug, expressed as a percentage of total anti-asthmatic
DDD:s dispensed, in each region, and Statewide for each sampled month. It can
be seen that in general terms there was a greater percentage of f-agonists (Figure
4.14), inhaled corticosteroids (Figure 4.15) and sodium cromoglycate (Figure 4.18)
and less methyl xanthines (Figure 4.16) and ipratropium bromide (Figure 4.17)
dispensed as a percentage of total anti-asthmatic drugs in Southern Tasmania

compared to Northern Tasmania.

4.4.6  Australian and Tasmanian asthma morbidity and mortality trends

Australian and Tasmanian mortality data and Tasmanian morbidity data (based
on hospital admissions) are shown in Table 4.7. It can be seen from Table 4.7 that
Tasmanian and Australian asthma mortality death rates per 100,000 population
(non age-standardised) are similar. A Spearman rank correlation test was used to
test for an association between morbidity and the ratio of B-agonist:inhaled
corticosteroid DDDs dispensed Statewide (Figure 4.19) but no association was
found (Spearman r=0.04, n=7, p > 0.05). There were no significant differences in
mortality rates between Tasmanian and Australian data from 1991 to 1993
(t=0.94, df=2, p>0.05). Statewide and regional trends in morbidity, mortality

and anti-asthmatic drug use are illustrated in Figure 4.20.
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Table 4.4 Figures used in the calculation of total prescriptions per 1000 population and
DDDs/1000 population/day of anti-astbmatics dispensed from Tasmanian
community pharmacies.

April October April October April October April

91 91 92 92 93 93 94
Australian average prescription volume -
per pharmacy per year (PBS, RPBS, 30,876 30,448 30,448 33,393 33,393 34,852 34,852
geoeral and private)® )
Number of Australian community 5,351 5,091 5,091 5,018 5,018 4,980 4,980
phnmﬂb

Estimated Australian total prescriptions 165,217,476 155,010,768 155,010,768 167,566,074 167,566,074 173,562,960 173,562,960
per year®

Australian PBS prescriptions per yca:d 96,300,259 94,120,245 94,120,245 105,952,602 105,952,602 115,041,099 115,041,099

Tasmanian PBS prescriptions per yeard 2,640,507 2,603,906 2,603,906 2,963,280 2,963,280 3,199,956 3,199,956

Estimated Tasmanian total prescriptions 4,530,184 4,288,487 4,288,487 4,686,484 4,686,484 4,827,786 4,827,786

per year

Tasmanian population® 466,802 469,685 469,685 471,400 471,400 475,100 475,100
Tasmanian total prescriptions per 1000 26.59 25.02 25.02 27.24 27.24 2784 . 27.84
population per day®

Tasmanian DDDs per 1000 population per day  (All numbers in units of DDD/1000 population/day)

fragonists
Mean 40.70 39.01 34.67 45.37 41.95 42.54 39.36
95% confidence interval of the mean 3.85 3.65 3.26 4.50 472 3.9 3.52
Standard deviation 10.02 10.52 10.92 14.71 15.23 13.36 11.78
Inhaled corticosteroids
Mean : 14.11 18.32 18.16 25.41 21.43 25.12 22.75
95% confidence interval of the mean 1.96 247 1.88 2,82 281 2.89 262
Standard deviation 5.10 7.13 6.30 9.23 9.06 9.68 8.77
Methyl xanthines
Mean 11.61 10.58 8.86 10.34 7.69 7.81 6.58
95% confidence interval of the mean 1.64 116 139 1.51 1.12 1.02 0.92
Standard deviation 4.27 3.34 4.64 4.93 3.62 339 3.08
Ipratropium bromide
Mean 3.04 4,47 3.55 6.83 628 8.05 .23
95% confidence interval of the mean 0.66 1.11 0.59 1.24 1.20 1.56 122
Standard deviation 1.71 3.20 1.99 4.06 3.86 522 4.08
Sodium cromoglycate .
Mean 0.97 0.96 0.84 1.50 LM 1.67 1.47
95% confidence interval of the mean 0.30 - 0.29 0.18 0.38 0.39 0.34 0.31
Standard deviation 0.78 0.84 0.60 1.24 126 113 1.05
Total Anti-asthmatics
Mean 70.43 73.34 66.08 89.45 78.6% 85.19 77.40
95% confidence interval of the mean 8.42 8.67 7.31 10.46 10.24 9.79 8.60
Standard deviation 17.63 21.69 19.81 29.24 29.41 29.39 25.70
2 Source: Personal Communication (Pharmacy Guild of © Estimation calculations outlined in Section 4.3.2 and
Australia; Canberra). Figure 4.5.
b Source: Personal Communication (Pharmacy Guild of 4 Source: Personal Communication (Department of Community
Australia; Canberra). Services and Health; Canberra).

© Source: Australian Bureau of Statistics. October 1993 and April
1994 figures based on Australian Bureau of Statistics estimates.

64



Chapter 4

Table 4.5 DDD/1000 population/day of anti-asthmatics dispensed from
Australian community pharmacies provided by DUSC.

1990 1991 1992 1993 1994
[-agonists ) 39.98 32.78 36.68 37.60 35.14
Inhaled corticosteroids ’ 12.64 14.90 22.63 24.52 22.78
Methyl xanthines 13.70 9.56 8.52 6.99 5.43
Ipratropium bromide 4.66 517 7.17 8.99 9.62
Sodium cromoglycate 1.07 0.87 1.06 1.29 128
Totals 72.05 63.28 -76.01 79.39 74.25
Table 4.6 Total regional DDDs of anti-astbmatics dispensed from all Tasmanian

community pharmacies that contributed data. The number of
contributing pharmacies are shown in Table 4.2.

B-agonists inhaled methyl ipratropium sodium
corticosteroids xanthines bromide cromoglycate
April 91
South 37,762 12,973 9,495 2,383 880
North 51,118 18,473 15,328 4,742 1,144
October 91
South 63,888 29,995 16,786 6,050 1,457
North 68,620 33,145 20,519 8,967 ©1,933
April 92
South 63,306 33,19 14,430 4,783 1,760,
North 90,986 45,925 25,599 11,017 2,145
October 92 _
South 71,392 39,649 15,295 9,042 2,390
North 83,115 47,784 20,059 14,225 2,890
April 93
South 55,896 29,684 8,953 6,658 1,840
North 74,356 39,510 16,085 12,083 1,835
._October 93
South 72,226 44,755 12,926 10,800 3,300
North 75,800 42,361 14,533 16,683 2,620
April 94
South 61,460 34,324 8,675 8,775 2,2%0
North 68,825 40,248 12,512 14,850 2,540
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Table 4.7 Australian and Tasmanian mortality data and Tasmanian morbidity data based on
bospital admissions.
Australian Asthma Mortality
Australian
population* Deaths Deaths per 100,000 population
M F Total M F Total
1991 17,284,000 335 415 750 1.94 2.40 434
1992 17,482,593 332 427 759 1.50 2.44 434
1993 17,661,468 326 451 777 1.85 2.55 4.40
Tasmanian Asthma Mortality
Tasmanian
population* Deaths Deaths per 100,000 population
| ™ F__ Total | M F__ Toul
1991 466,802 10 11 21 2.14 236 4.50
1992 469,685 9 6 15 1.92 3.19 5.11
1993 7 6 13 148 2.76 4.24

471,400

*estimated resident population at 30th June (Source: Australian Bureau of Statistics).

Tasmanian Asthma Morbidity’
Month Year Northern Tasmania Southern Tasmania Statewide
Hospital admissions® ___ Hospital admissions? Total Admissions®
April 1991 45 31 ' 82
October 1991 49 31 92
April 1992 59 33 103
October 1992 59 40 114
April 1993 43 54 109
October 1993 42 27 85
April 1994 44 12 62

# Source: Personal communication (Department of Community and Health Services; Hobart.)

3 based on admissions to hospital with ICD primary diagnosis of asthma in public hospitals only

b based on admissions to hospital with ICD primary diagnosis of asthma in public and private hospitals
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Figure 4.7
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Defined daily dose of anti-asthmatic drugs per thousand population per
day dispensed from Tasmanian community pharmacies. Error bars
represent + 95% confidence intervals.
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Defined daily dose of anti-asthmatic drugs per thousand population per
day from Australia wide DUSC survey data.
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Figure 4.8 Comparison of defined daily doses of total anti-asthmatics s per thousand population
per day dispensed from Tasmanian community pharmacies (shown as a line plot with
error bars representing +95% confidence intervals) with Australia wide DUSC data
(broken line).
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Figure 4.9 Comparison of defined daily dose of  yagonists per thousand
population per day dispensed from Tasmanian community pharmacies
(shown as a line plot with error bars representing + 95% confidence
intervals) with Australia wide DUSC data (broken line).
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Figure 4.10 Comparison of defined daily doses in inhaled corticosteroids per thousand
population per day dispensed from Tasmanian community pharmacies
(shown as a line plot with error bars representing + 95% confidence
intervals) with Australia wide DUSC data (broken line)
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Figure 4.11 Comparison of defined daily doses of methyl xanthines per thousand
population per day dispensed from Tasmanian community pharmacies
(shown as a line plot with error bars representing + 95% confidence
intervals) with Australia wide DUSC data (broken line).
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Figure 4.12 Comparison of defined daily doses of ipratropium bromide per thousand
, population per day dispensed from Tasmanian community pharmacies
(shown as a line plot with error bars representing + 95% confidence intervals)
with Australia wide DUSC data (broken line).
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Figure 4.13 Comparison of defined daily doses of sodium cromoglycate per
thousand population per day dispensed from Tasmanian community
pharmacies (shown as a line plot with error bars representing + 95%
confidence intervals) with Australia wide DUSC data (broken line).
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Figure 4.14 B-agonist DDDs dispensed as a percentage of total anti-astbmatic DDDs
. dispensed in Southern and Northern Tasmania. The Statewide average is also shown.
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Figure 4.15 Inhaled corticosteroid DDDs dispensed as a percentage of total anti-asthmatic
DDDs dispensed in Southern and Northern Tasmania. The Statewide
average is also shown.
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Figure 4.16 Methyl xanthine DDDs dispensed as a percentage of total anti-asthmatic
DDDs dispensed in Southern and Northern Tasmania. The Statewide
average is also shown.
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Figure 4.17 Ipratropium bromide DDDs dispensed as a percentage of total anti-asthmatic
DDDs dispensed in Southern and Northern Tasmania. The Statewide average is
also shown.
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* See table 4.7
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4.5 DISCUSSION

451 Pharmacoepidemiology, usefulness and limitations in monitoring prescribing trends
Pharmacoepidemiology can be a useful tool to monitor prescribing trends,
particularly those brought about by changes in disease understanding, as this
current study demonstrates. Recent overseas pharmacoepidemiological studies
have focussed on the prescribing of NSAIDs (Rodriguez and Jick 1994; Figueras et
al, 1994; Traversa et al, 1995), anti-hypertensives (Manolio et al, 1995), antibiotics
(Atanasova and Terziivanov, 1995), anti-arrhythmic drugs (Avanzini et al, 1995)
and prescribing within target groups such as the elderly (Lindberg et al, 1994;
Davidson et al, 1995). These are several areas that could be targets for future

Australian pharmacoepidemiology studies.

Pharmacoepidemiology also provides a means of evaluating educational
intervention programs aimed at improving prescribing practices, such as the use of
academic detailing to modify the dosage prescribing of allopurinol (Peterson and
Sugden, 1995) and the study presented here. In addition, a method of estimating
disease prevalence using pharmacoepidemiological drug consumption data
comparable to that achieved with conventional cross-sectional studies but at a

lower cost has been suggested (Sartor and Walckiers, 1995).

Economic considerations in the prescribing of drugs is another area in which
pharmacoepidemiology has an important role, especially as the cost of drugs
increase and expensive drugs are brought onto the market. For example, Manolio
et al (1995) recently questioned the widespread utilisation of ACE inhibitors and
calcium channel blockers in the United States since their introduction in the early
1980s. It was argued that without convincing evidence of the advantages of ACE
inhibitors and calcium channel blockers, it was difficult to justify the large decline

in the market share of less expensive anti-hypertensive agents, such as diuretics and
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B—blockcrs, and that US$3.1 billion would have been saved had the prescribing
practices of 1982 remained in effect in 1992 (Manolio et al, 1995). Although this
example may be a little extreme, it does highlight the way in which
pharmacoepidemiology can be used to monitor prescribing for maximum cost-

effectiveness.

As outlined earlier, the cost of asthma in Australia in 1991 was estimated to be
between $585 and $720 million (NAC report, 1992). In 1992, the supply of
salbutamol, beclomethasone dipropionate, ipratropium bromide and budesonide
cost the Australian government $135 million alone (Anonymous, 1994). Obviously
the increases in the prescribing of inhaled corticosteroids will impact on
government costs, since inhaled corticosteroids are significantly more expensive
than the B-agonists in MDI formulations. Naish et al (1995), after a study
examining asthma prescribing habits in East London, suggested that pressure to
reduce costs of asthma prescribing may lead to a reduction in prophylactic |
treatment and lower the quality of care as cost consciousness and good clinical
practice are not necessarily linked. This leads to pharmacoeconomic cost-

effectiveness issues that are beyond the scope of this present study.

Like PBS data, the data presented in this study lacks patient identifying numbers.
This means that only information regarding the number of prescriptions and
quantities dispensed are available, and not the number of patients prescribed a
drug, individual doses or combination therapy data. A major consideration with
patient identifying numbers is patient confidentiality, which could be at risk if
identifying numbers were used. Although PBS data and the data used in this study
are less comprehensive (since they lack a means for patient identification) it is

easier and less controversial to obtain data from these sources.
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As discussed earlier, the method of using community based pharmacy
computerised dispensing records, as used in this study, is more comprehensive than
PBS data alone (Section 3.3). This is particularly so in this study as a major portion
of anti-asthmatic therapy, the bronchodilator MDIs, are priced under the
maximum patient contribution and for that reason, MDI prescriptions for general
patients or S3R sales are not included in the PBS database. DUSC estimates of total
prescribing are derived from PBS data supplemented with private prescription
survey data obtained from computerised dispensing data from around 250
pharmacies throughout Australia. DUSC data which has been supplemented in
this way, like the data collected in this study, are more complete than PBS data
alone. DUSC data only includes over the counter MDI sales of salbutamol from
those states where recording is required (Victoria, South Australia and Tasmania).
For this reason there is a possibility that DUSC data may underestimate total anti-

asthmatic and -agonist utilisation.

The impact of hospital outpatient dispensing on these drug utilisation figures
would be expected to be minimal. Hospital dispensing in the past has been
estimated at 12% of the Australian pharmaceutical market (Hurley et al, 1988;
Henry et al, 1991). However, in recent years hospital out-patient dispensing has
undergone considerable down-sizing and would now be expected to be much

smaller than this figure.

As explained earlier, the calculation of the Tasmanian DDDs/1000 population/day
for all drugs relies on prescription volumes for the corresponding financial year
from the Pharmacy Guild of Australia. These estimates of prescription volume
were taken from a random sample of between 263 and 273 pharmacies throughout
Australia. These estimations also rely on the ratios of PBS to total prescriptions

being similar for Tasmania and the whole of Australia.
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In addition, the unit of drug utilisation, in this case DDDs/1000 population/day,
may not truly represent the true nature of exposure and should be used with
caution when drawing conclusions. For instance, an exposure of 12 DDDs/1000
population/day may indicate 6 people in 1000 taking 2 DDDs of drug per day, or
12 people in 1000 taking 1 DDD each per day. DDDs/1000 population/day is a
standardised unit of comparison and should only be used for comparisons such as
between different studies, populations and drugs (Cooke, 1991). Analogously, an
increase in anti-asthmatic medication DDDs/1000 population/day may indicate
that the number of people taking anti-asthmatic drugs have increased (an increase
in incidence) or prescribed dosages of anti-asthmatic drugs have increased
(increasing severity and/or more vigorous treatment) or a combination of both
(Paterson and Musk, 1990). Unfortunately, there have been few international anti-

asthmatic drug utilisation studies of this nature for comparison.

A study by Klaukka et al (1991) examined the prescribing of anti-asthmatic drugs
in Finland. However, asthma prevalence (self reported prevalence of 1.9% of the
total population) and total anti-asthmatic utilisation (49 DDDs/1000
population/day) were considerably less than presented here. Unfortunately the
study did not describe prescribing trends for each of the anti-asthmatic medication
groups. Factors that affect drug prescribing such as drug availability, drug cost,
prescriber education/guidelines and diseasé incidence (diagnosis/recording) limit

the usefulness of international comparisons in pharmacoepidemiology.
Regardless of any possible shortcomings in these data due to reliance on various

estimations, which is inherent in all drug utilisation studies of this nature, the data

presented is of benefit in comparing national and Tasmanian prescribing trends to
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observe whether prescribing practices are changing as recommended by recent

management guidelines.

As the full potential of pharmacoepidemiology becomes realised it is likely to
become an important tool in the pharmacoeconomic and therapeutic evaluation of

drug use and policy decision making within Australia.

452 Comparison of Tasmanian and National Anti-asthmatic prescribing trends
The prescribing of anti-asthmatic drugs has increased considerably since 1986.
Jenkins et al (1990) found that the total prescribing of anti-asthmatic medication in
Australia was around 34 DDDs/1000 population/day in 1986 comparea to current
levels of around 70-80 DDDs/1000 population/day. Care should be exercised,
however, when cémparing B-agonist and total anti-asthmatic prescribing data (of
which B-agonist DDDs make up the majority) in this current study with that of
Jenkins et al (1990). Given the lack of a comprehensive pharmacoepidemiology
‘database at the time, the total [-agonist community consumption data from
Jenkins et al (1990) relied on linear regression estimations from PBS/RPBS and
IMS déta, as not all community salbutamol inhaler sales were included in the PBS
and RPBS databases. This 1986 estimate of 34 DDDs/1000 population/day is far
less than current prescribing reported in this study, both in Tasmania (77
DDDs/1000 population/day for April 1994) and nationally (74 DDDs/1000
population/day for 1994). This increase in prescribing would also be expected
given the rising incidence of the disease reported in the National Health Survey

(1989-90) from 2% in 1977-78 to 8% in 1989-90.
It must be remembered that disease incidence, as reported in the National Health

Survey, is self-reported by the public. It is therefore likely that the incidence may

be influenced by public awareness campaigns (such as the asthma awareness
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campaign in 1988 and the NAC in 1990) so a strict comparison between 1977-78
and 1989-90 asthma incidence may not be entirely valid.

The trcﬁds seen in both the national and Tasmanian utilisation were not
unexpected given the awareness campaigns and the therapeutic shift toward anti-
inflammatory in recent years. Following the fenoterol controversy in which
concerns were raised that fenoterol may have been responsible for the New
Zealand epidemic of asthma deaths in the late 1970s (Pearce et al 1990; Sears et al,
1990) and the publication of studies suggesting that regular fp-agonist use may
worsen asthma control (Sears et al, 1990; van Schayck et al, 1991; Spitzer et al,
1992) the use of B,-agonists has been reassessed. Following this concern, fenoterol
MDI and nebuliser solution were delisted from the PBS co-payment schedule in
Australia in 1990. It is therefore not surprising that the national utilisation of
fenoterol, which never had a large market share in Australia, has declined by
almost 85% between 1990 and 1994 to 0.22 DDDs/1000 population/day or less

than 0.7% of total B-agonist utilisation.

There were concerns that any potential problem with fenoterol may be common
to all Bragonists (Rubinfield, 1991) and coupled with the developing
understanding of asthma as an inflammatory disease, it was suggested that more
emphasfs should be placed on anti-inﬂammatbry therapy with more prudent use of
By-agonists (Barnes, 1989; Barnes and Chung, 1992; Lipworth and McDevitt, 1992).
Current management guidelines now suggest that additional preventive therapy
(iﬁhaled corticosteroids and/or sodium cromoglycate) must be considered in all
but the mildest cases of asthma (Anonymous, 1992; Tse and Bridges-Webb, 1993;
Thompson and Watkins, 1994; Rees and Price, 1995a).
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Jenkins et al (1990) found that the total utilisation of (3-agonists (inhaled and
systemic) doubled from 10.9 DDDs/1000 population/day in 1980 to 22.6
DDDs/1000 population/day in 1986. This contrasts with a decrease of almost 11%
to 35.1 DDDs/1000 population/day for national. utilisation of (-agonists from
1990 to 1994 (DUSC data) and a fall of around 3% to 39.4 DDDs/1000
population/day between April 1991 and April 1994 for Tasmanian utilisation of
B-agonists. It should be noted, however, that there were considerable fluctuations
in both Tasmanian and DUSC data as shown in Figures 4.6 and 4.7 respectively.
Although thére was a greater fall in the national dispensing of f-agonists, it must
be remembered that both national and Tasmanian {-agonist utilisation figures
fluctuated by more than 18% and 24% respectively. The smaller decline in the
utilisation of (-agonists in Tasmania should not necessarily be interpreted as
Tasmanian prescribing being more reliant on [-agonists, but maybe due to
fluctuations as outlined above. These data suggest that both national and

Tasmanian (-agonist prescribing has passed a peak and is now stable or declining.

As reported earlier, the National Health Survey has reported a rise in the incidence
of asthma since 1972 and asthma mortality had been increasing over the last 20
years (Section 2.2) until a recent decline (which may be part of natural
fluctuations). Even though B-agonist dispensing did not decline over the period of
the study, this does not necessarily suggest that patterns of (3-agonist use are similar
to those prescribing practices before the change in emphasis to the earlier
introduction of anti-inflammatory therapy. Firstly, despite monthly fluctuations,

B-agonist use did not increase over the period of this study. Secondly, if the
incidence of asthma has been increasing over the period of the study at a rate
similar to that between the 1977-78 and 1989-90 National Health Surveys, more

people would have been expected to be using bronchodilator therapy with drug
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utilisation levels increasing toward the end of the study. Thirdly, public and
prescriber awareness due to the NAC would suggest that more people may have
recently been diagnosed with asthma. These people may be more likely to have
asthma of a milder nature (i.e. disease not previously diagnosed, treated or
recognised) and if so, would be more likely to be prescribed bronchodilators than
anti-inflammatory therapy. It is therefore surprising and encouraging that -
agonist use, despite changing prescribing practices in asthma, did not increase over
the period of the study. The most likely scenario is that individual patient reliance

on (-agonist therapy has decreased. -

There has been concern surrounding the change in Poisons scheduling for
salbutamol MDIs in Australian States. Once an S4 item requiring a prescription
from a doctor, salbutamol MDIs have been available over the counter after
consultation with a pharmacist in all Australian states since 1985. Salbutamol
MDIs are classed as S3Rs in Tasmania (i.e. S3 item that is required to be recorded
by law). Concern has been expressed based on the possibility of infrequent medical
consultation and under treatment of asthma (Gibson et al, 1993b) and the large

increases in over the counter MDI sales observed by Jenkins et al (1990).

Secondary to the drug summar'y data (that consisted of combined prescription and
S3R sales), some drug summary lists also included the number of over the counter
S3R items dispensed separately (available on the Amfac-Chemdata system). This
enabled the percent of total MDIs dispensed as S3R over the counter sales to be
calculated for a small number of pharmacies. Despite the concerns outlined above,
it ans found that only a small percentage (6.5%) of total salbutamol MDIs were
sold over the counter as S3Rs. There are, however, large limitations with these data
for two reasons. The estimate relies on the assumption that all S3R prescriptions

were recorded by the pharmacist (as legally required), and there were only a small
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number of pharmacies (less than 6% of all monthly lists, provided by only 7
different pharmacies over the period of the study) that included this information.
Most responding pharmacists removed this S3R information presumably because,
unlike the drug summary lists, patient names and addresses were included with the
S3R prescription information. Despite these limitations, this figure compares
favourably with that of Comino et al (1995) who found that 11% of asthmatic
respondents purchased over the counter bronchodilators in Hobart. Over the
counter bronchodilator sales were found to be higher in Adelaide (15%),
Melbourne (19%), Brisbane (26%), Perth (50%) and Sydney (57%; Comino et al,
1995).

There were only a few private prescriptions of the long acting [p-agonist
salmeterol recorded in this study. Salmeterol (which was released on the PBS as an
authority item in early 1995) accounted for less than 0.03% of the total national
anti-asthmatic DDDs dispensed (1994 DUSC figures) and 0.12% of the total
Tasmanian anti-asthmatic DDDs dispensed for April 1994 (representing only 5
prescriptions). Perhaps in light of some concerns about development of tolerance
to the protective effects of long acting f3,-agonists (Cheung et al, 1992; Skorodin,
1993; Grove and Lipworth, 1995), there is not a high level of utilisation of this
drug at this early stage. It would be interesting to model the market uptake of

salmeterol in a similar approach to that used by Birkett and McManus (1995).

Inhaled . corticosteroid utilisation increased by 80% to 22.8 DDDs/1000
population/day between 1991 and 1994 nationally and by 61% between April 1991
and April 1994 in Tasmania to 22.8 DDDs/1000 population/day. National
utilisation of beclomethasone dipropionate (Aldecin®, Becotide®, Becloforte®) has
fallen by almost 14% from 12.6 to 10.9 DDDs/1000 population/day between 1990

and 1994. Budesonide (Pulmicort®) utilisation has increased since its listing on the

83



Chapter 4

PBS co-payment schedule in 1991 by over 5-fold from 2.4 to 11.9 DDDs/1000
population/day between 1991 to 1994. Budesonide has several advantages over
beclomethasone dipropionate whjch.may explain its popularity. Budesonide is
available in both a higher dose formulation (400 ug per dose) and a breath activated
device. Budesonide also appears to have a higher topical to systemic potency ratio

than beclomethasone dipropionate (Brattsand et al, 1982)

Theses trends of increased inhaled corticosteroid usage are consistent with current
management guidelines. Inhaled corticosteroids are now advised in all but the
mildest forms of adult asthma (McFadden and Gilbert, 1992; Anonymous, 1992;
Skorodin, 1993; Tse and Bridges-Webb, 1993; Barnes, 1995; Paterson et al, 1995;
Rees and Price, 19952a) and the recommended dosages of inhaled corticosteroids
have been increasing. There has been some concern, however, that inhaled
corticosteroids are being increasingly used for children with relatively mild

asthma, perhaps at the expense of using sodium cromoglycate (Phelan, 1995).

Beclomethasone dipropionate was originally marketed as 50 pg per inhalation in
Australia, however, dosages have increased over the years. For example, in the
original trials dosage schedules were formulated with a limit of 1200 pg/day. A
250 pg per inhalation MDI (Becloforte®) was listed on the PBS in late 1988 as an
authority item (needing special approval to be prescribed) but as dosages have

increased, it is now available without authority.

The introduction of high doses of inhaled corticosteroids facilitated by a 250 g
per dose inhaler (beclomethasone dipropionate) was a major therapeutic advance
in the management of asthma (Douglass and Bowes, 1990). In addition, budesonide
is also now available in a 400 pg per dose MDI. Despite the well documented risk

of adrenal suppression with dosages above 1500 ug/day, high dose inhaled
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corticosteroids (over 2000 pg/day) are now widely used to control more severe
asthma and their use can alleviate or markedly reduce the need for oral
glucocorticoid therapy (Kamada, 1994; Barnes, 1995). There is little evidence of
glucbcorticoid related side effects in doses up to 1500 pg/day (Barnes et al, 1995),
howcvér, doses exceeding 1000 pg/day do pose an increased risk of adrenal

suppression (Kamada, 1994).

The introduction of the higher dose formulation and spacer has improved the
dclivefy of corticosteroids, allowing them to be prescribed to people who may
have been unable or reluctant to take the drug in the past (Douglass and Bowes,
1990). The use of spacer devices has been shown to reduce the incidence of oral
candidiasis (Kong, 1985; Salzman et al, 1988), particularly sé in patients who have a
poor MDI technique. In addition, four times daily regimens of inhaled
corticosteroids have been associated with a higher incidence of oral candidiasis
than twice daily regimens (Toogood et al, 1984; Smith and Hodson, 1986).
Although the current management guidelines place greater empbhasis on the earlier
introduction of anti-inflarhmatory therapy, the availability of higher dose MDIs
needing fewer daily inhalations, and the introduction of spacer devices, have also
helped make inhaled corticosteroids more popular by reducing adverse effects such

as oral candidiasis and hoarseness.

This increase in inhaled corticosteroid drug utilisation adds more evidence that
prescribing practices have changed in line with management guidelines with the
earlier introduction of preventive therapy. The Tasmanian utilisation of inhaled
corticosteroids, although not displaying as great an increase, was virtually the same
as 1994 national data with an April 1994 Tasmanian figure of 22.9 compared with
the national data of 22.8 DDDs/1000 population/day.
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It has been shown in England that 15% of patients receiving inhaled corticosteroids
had a diagnosis other than asthma (Campbell et al, 1995). In addition 3;-agonists,
iprétropium bromide and theophylline are widely used in other diseases such as
COPD (Section 2.5). Since the prescription data collected here was not linked to
indication, due care should be exercised when interpreting the inhaled
corticosteroid data. However, despite this data not being linked to indication, even
when taking into account 15% variability, there has been a real increase in the

utilisation of inhaled corticosteroids.

Further supporting evidence of less reliance on brqnchodilator therapy is that the
ratio of f3-agonist:inhaled corticosteroid DDDs dispensed has decreased from 7.3
(or 4.1 not including general prescription and over the counter sales estimates) in
1986 (Jenkins et al, 1990) to 1.5 (national data) or 1.7 (Tasmanian data) in 1994.
The national ratio has decreased by 51% between 1990 and 1994 while the
Tasmanian ratio has decrcas'ed by 40% between April 1991 and April 1994. As f3-
agonist utilisation has remained fairly stable over the .period of the study, this
increase in inhaled corticosteroid usage has been the main contributor to the
decrease in the ratio of f3-agonist:inhaled corticosteroid DDDs dispensed. This
suggests that prescribing practices have changed, with probably a combination of
more people now receiving inhaled corticosteroid therapy and higher doses now

being used.

Theophylline and its xanthine derivatives have suffered a large decrease in
prescriptions over the last 4 years. Jenkins et al (1990) reported total methyl
~xanthine utilisation as 6.8 DDDs/ 1000 population/day in 1986. DUSC data
indicates 1994 utilisation as 5.4 DDDs/1000 popﬁlation/ day, down 60% from
1990. Tasmanian utilisation has also fallen by a similar margin to 6.6 DDDs/1000
population/day in April 1994, down 43% from April 1991.
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Theophylline is no longer considered a first-line drug in asthma (Alpers, 1991).
Current management guidelines now suggest less emphasis on the use of oral
theophyllines for chronic asthma (Anonymous, 1992; Tse and Bridges-Webb,
1993). Its popularity may have decreased for several reasons; the development of
new drugs such as high dose inhaled corticosteroids and ipratropiurﬁ bromide
(Skorodin, 1993), studies questioning the use of theophylline in the emergency
treatment of asthma (Littenberg, 1988) and dosage difficulties associated with its
narrow therapeutic range and pharmacokinetic variability (Johnston, 1990; Jenne,

1994).

Despite recent questions regarding the efficacy of theophylline, it remains a potent
and effective bronchodilator for asthma, and to a lesser degree, for COPD (Addis,
1990; Skorodin, 1993). Theophylline is useful in the treatment of chronic
persistent asthma that is difficult to control with maximum doses of inhaled
corticosteroids (Breslin, 1993), nocturnal asthma (Alpers, 1991; Frew and Holgate,
1993; Skorodin, 1993), patients with acute severe asthma who are progressing into
respiratory failure (Addis, 1990; jennc,‘ 1994), and patients with severe COPD who
are dependent on bronchodilators and oxygen (Jenne, 1994). In addition,
theophylline has an additive or synergistic effect on bronchodilation when
combined with Bj-agonists and/or ipratropium (Jenne, 1987; Nishimura ét al,
1992; Thomas et al, 1992), may possess a mild anti-inflammatory action (Jenne,
1994; Rees and Price, 1995a) and has positive effeéts on mucociliary clearance,

diaphragmatic function and fatigue (Jenne, 1994).
The negative aspects of theophylline use have been well documented. The variable

clearance, narrow therapeutic index and the severity of the toxic reactions of

theophyllines necessitate close attention to dosage regimens and subsequent
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monitoring of plasma levels (Jenne, 1994) making theophylline a difficult drug to
prescribe (Johnston, 1990). In addition adverse effects such as nausea, vomiting,
and abdominal discomfort are common but headache, malaise and convulsions can

also occur (Rees and Price, 1995a).

Although expensive, immunoassay paper test strips for theophylline are now
available providing a theophylline plasma level from a capillary blood sample
within 30 minutes (Aronson et al, 1992). With plasma levels of theophyﬂine in
community patients now easily measurable, these adverse effects should be
minimised with regular monitoring of levels. It is therefore a little surprising as to
the magnitude of the fall in theophylline utilisation over the period of this study.
Further studies into the relationship between the degree of theophylline plasma
monitoring in the community, incidence of adverse effects, drug efficacy and the
pharmacoeconomic aspects of prescribing of a relatively inexpensive drug should
be examined. After all, theophylline is still of benefit in some asthmatics, has been
a mainstay of asthma treatment for several decades and the tools are now available

to better utilise this drug.

There was a surprising rise in the use of ipratropium over the period of the study.
Utilisation of ipratropium increased by 106% between 1990 and 1994 nationally
and 138% between April 1991 and April 1994 in Tasmania. The large increase in
ipratropium use may be ‘associated with a combination of increased use in older
patients with COPD and the fact that ipratropium may easily be added to an

existing anti-asthmatic medication regimen.
Ipratropium is more commonly of benefit in patients with chronic bronchitis or

emphysema (Alpers, 1991; Kemp, 1993; Skorodin, 1993; Rees and Price, 1995).

Ipratropium use in asthma is limited and is of most benefit to older patients, the
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very young (Rees and Price, 1995a), or in patients with acute severe asthma
(Bryant, 1985; Rebuck et al, 1987; O'Driscoll et al, 1989; Bendefy, 1991).
Additional clinical benefit has been noted when ipratropium is combined with a
Br-agonist in COPD (Massey and Gotz, 1985; Mann et al, 1988). In addition,
because the onset of action is slower but the action is more prolonged lasting up to
8 hours, the addition of ipratropium to an anti-asthmatic regimen may provide

better therapeutic coverage in some patients but it is not recommended as a single

drug therapy in asthma (Alpers, 1991; Breslin, 1993).

Comparison of ipratropium utilisation with that of Jenkins et al (1990) was not
possible as the 1986 data in that study did not include ipratropium. Ipratropium

was not released on the PBS co-payment schedule in Australia until 1985.

It is unlikely that the rise in iprat.ropium use has offset or masked a lack of an
increase in B-agonist bronchodilator use. Even when grouping ipratropium with -
agonists as bronchodilators, the bronchodilator:inhaled corticosteroid ratio
decreased between 1990 to 1994 from 3.5 to 2.0 (down 44%) nationally and from
~ 3.1t0 2.3 (down 27%) in T'asmania between April 1991 and 1994.

One disturbing finding in this study was the relatively minor use of sodium
cromoglycate in Australia. Both national and Tasmanian levels of utilisation were
around 1 DDD/1000 population/day. This was similar to usage in 1986 (Jenkins et
al, 1990). In addition, Jenkins et al (1990) noted a 39% fall in sodium cromoglycate
usage between 1975 and 1986.

In Canada, the use of sodium cromoglycate as well as inhaled corticosteroids began
to rise in the late 1980s coinciding with the development of Canadian guidelines

for asthma treatment (Toogood, 1983). This has not happened in Australia.
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Prescribing of sodium cromoglycate in Finland has been reported at around 2
DDDs/1000 population/day and as much as 7 DDDs/1000 population/day in
some regions (Kluakka et al, 1991). Given that the Finnish utilisation of all anti-
asthmatics totalled 499 DDDs/1000 population/day (with a lower incidence of
asthma), this represented over 4% of all anti-asthmatic DDDs. In the current
prescribing environment in Australia, this would represent a utilisation of around

3 DDDs/1000 population/day, double that found in this current study.

Given that 12% of people under the age of 25 years reported asthma, accounting
for 56% of all persons with asthma (National Health Survey, 1989-90), it seems
peculiar that utilisation of a preventive drug with proven efficacy and which is
recommended as first-line therapy in younger people (Alpers, 1991; Breslin, 1993;
Skorodin, 1993; Rees and Price, 1995b) has remained relatively low. In addition,
sodium cromoglycate is relatively free of harmful adverse effects (Skorodin, 1993)
has been well promoted in current management guidelines (Anonymous, 1992; Tse
and Bridges-Webb, 1993; Rees and Price, 1995a) and is now available in a higher

dosage form (Intal Forte®).

Taken regularly, sodium cromoglycate will control symptoms in about 60% of
school age children with frequent symptoms (Rees and Price, 1995b). A trial period
of at least 4-8 weeks of regular use should be allowed before sodium cromoglycate
is dismissed as ineffective (McFadden and Gilbert, 1993; Skorodin, 1993; Price,
1995a). To improve compliance, patients should be warned about this lag time
(Skorodin, 1983) and this may be one reason why sodium cromoglycate is not
utilised more. Sodium cromolgycate is not effective in all patients and there seem
to be no indicators to predict which patients will respond (Barnes, 1989). In
addition, sodium cromoglycate is generally not used together with inhaled steroids

(Anonymous, 1992; Breslin, 1993).
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The release of nedocromil sodium (Tilade®) in Australia in April 1995 will be of
interest given the surprisingly low market share of sodium cromolgycate (the only
currently available anti-allergic medication) in a prescribing environment which
should favour such drugs. Will the introduction of nedocromil sodium, the first
non-steroid anti-inflammatory preparation specifically for adults (Brogden and
Sorkin, 1993), promote greater interest in this class of drugs? The drug utilisation
results found here suggest that more attention should be given to the prescribing of

anti-allergic drugs.

There is no doubt that utilisation patterns have changed over the three years of
this study despite the fluctuations. The national utilisation of {-agonists was low
for 1991 compared with 1990 and 1992 while there was a large increase in
utilisation of inhaled corticosteroids from 1991 to 1992. Tasmanian utilisation of f3-
agonists dropped sharply between October 1991 to April 1992 while there was an
increase in inhaled corticosteroid utilisation between April 1991 and 1992. These
events occurred after the launch of both the NAC's Medical Practitioners and
Pharmacists Asthma Management Plans in 1991. It is difficult to conclude that
these utilisation changes are due entirely to the awareness and educational
intervention of the NAC, although studies have documented how patient and
- prescriber education can improve clinical outcomes in patients with asthma (Toelle
et al 1993; Pauley et al, 1995). The shift in prescribing emphasis may also have been
contributed to by thé publicity surrounding suggestions that [-agonists may
worsen asthma. There was, however, an increase in 1992 (nationally) and October
1992 (Tasmania) in the utilisation of both inhaled corticosteroids and {-agonists,
before B-agonist utilisation levelled out and declined slightly in Tasmania. The
cause of this could be associated with an increased awareness of the disease,

brought about by the NAC, resulting in more diagnoses, or natural fluctuations in
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morbidity. However, there was no marked increase in asthma deaths during this

period.

The ratios of both bronchodilators (B-agonist plus ipratropium bromide) and -
agonist to inhaled corticosteroids are slightly higher in Tasmania than the national
data which suggests there may either be still some room for improvement in
prescribing practices in Tasmania or the higher ratios in Tasmania may reflect a
- higher disease incidence and severity. However, there were no significant
differences in mortality rates between the Tasmanian and Australian data from

1991 to 1993.

The national DUSC figures, like the data presented in this study are merely
estimations of drug utilisation. To place the accuracy of the data into perspective,
the survey component of the DUSC estimations of prescribing presented here
were collected from around 250 pharmacies Australia-wide initially, dropping to
around 190 in 1993 (personal communication, Secretary of DUSC). This
represented around one pharmacy sample per 69,000 people in 1991 rising to one
sample per 93,000 people in 1993. In comparison, the Tasmanian data from
October 1991 represented around one pharmacy sample per 13,000 people falling
to around one sample per 11,000 people in October 1993 (calculated from 37 and
43 pharmacies respectively). In addition DUSC estimations of prescribing only
inclﬁdcd over the counter MDI sales from Victoria, South Australia and Tasmania.
This would suggest that the Tasmanian data presented in this study should be far
more representative of prescribing practices within Tasmania than the DUSC data

is representative of national prescribing.
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4.5.3 Comparison of Tasmanian regional prescribing trends

There were minor differences in prescribing within Tasmania. As discussed earlier
(Section 4.4.5) there was slightly greater relative utilisation of inhaled
corticosteroids and f3-agonists in the South of the State and greater relative
utilisation of ipratropium and méthyl xanthines in the North. The ratios of $-
agonist:inhaled. corticosteroid were very similar, except for October 1993 where

the Southern Tasmania ratio was 1.6 compared to Northern Tasmania's 1.8.

Asthma morbidity during the period of the study, as measured by hospital
admissions in Tasmania, rose to a peak in October 1992, then fell for the
remainder of the study. Utilisation of both B-agonists and inhaled corticosteroids
increased at the same time. The cause of the increase in morBidity and drug
utilisation is unclear but may have been associated with factors such as an
influenza epidemic or a severe winter. However, given a lack of appropriate
retrospective data and the limitations of analyses of secular trends, it is difficult to

identify the reasons for these increases.

The major contributor to the observed fall was Southern Tasmanian admissions
while Northern Tasmanian admissions did not fall to the same extent. It is
probably not valid to relate the fall in hospital admissions with the decline in the
ratio of -agonist:inhaled corticosteroid DDDs dispensed for the following reasons.
‘The admissions numbers are small and susceptible to greater relative fluctuations
and the degree of correlation between asthma morbidity in the general community

and hospital admissions is unclear.
It appears that in general, Southern and Northern Tasmanian prescribing are

similar, and have followed a similar trend in line with the national data and

current guidelines.

93



Chapter 4

454  Does this data support either the 'severity’ or 'B-agonist’ hypothesis?

There also seems to be evidence that there may be now less reliance on (-agonist
therapy. Despite an increasing incidence of the disease and greater awareness and
diagnosis, (-agonist utilisation has remained relatively stable (both nationally and
in Tasmania) and may be declining. This suggests that for a given individﬁal within
the population, the dose of (3-agonist used has decreased. In addition, a decrease in
the dispensed DDDs ratio of (3-agonist:inhaled corticosteroid has been observed.
There has been a decline in national asthma mortality from the late 1980s.
National and Tasmanian asthma mortality has stabilised over the period of the
study. Tasmanian hospital admissions, a crude measure of morbidity, also appear

- to have stabilised over the period of the study and may be declining.

The question arises, does this data support either the 'B-agonist hypothesis’ or the
'severity hypothesis'. The 'severity hypothesis' speculates that increasing use of -
agonists is a marker of greater disease severity, which itself is associated with an
increased risk of fatal or near fatal asthma (Suissa et al, 1994). The 'B-agonist
hypothesis' implies that the over reliance on -agonists is responsible for the

adverse asthma outcomes independent of disease severity (Suissa et al, 1994).

Unfortunately the data presented here have limitations, of which there are two
different aspects. Firstly, there are well documented limitations with analysis of
secular trends, or ecological association studies as they are sometimes known
(Eisdale et al, 1987; Strom, 1994). It is difficult to control confounding variables,
they observe groups and so lack data on individuals, and disease trends may not be
ideally recorded (Strom, 1994). As stated earlier (Section 3.2.1), to find a true causal
association, random, bias and confounding (indirect) errors must be excluded. In

addition there must be coherence with existing information (biological
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plausibility), consistency and specificity of the association, a time sequence, and a

strong association (Strom, 1989).

Secondly, there are limitations with the use of DDDs/1000 population/day to
measure drug utilisation as stated earlier, it provides no information on individual
dosages. For example, without other supporting evidence, a static level of drug
Autilisation measured in DDDs/1000 population/day may suggest either (i) levels
have remained stable, (ii) more people taking less drug, or (iii) less people taking
more drug. Rises and falls in DDDs/1000 population/day utilisation figures
further confound this problem. However, when combined with other
information, this uncertainty can be minimised. As discussed earlier, it can most
likely be inferred from this study that in'dividﬁal reliance on [3-agonists has

decreased.

Like the study by Jenkins et al (1990), these limitations in using DDDs/1000
‘population/day make this current study unable to support or disprove ei