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Abstract 

This thesis comparecl the use of Iipid lowering agents in patients S 5  years old post myocardial 

infarction (Ml), before and after the publication of the first landmark statin trial, the Scandinavian 

Simvastatin Survival Study (4s). using the Ontario Myocardial lnfarction Database. The regression 

analysis found a significant 3.6-fold increase in the rate of use of statins after the trial publication 

(0.1 44%/month pre-4s vs 0.508%/month post-4s)- Pre-4s. the rate of increase in statin use was 2.7- 

foid higher in younger (65-74 years) patients, while post4S. the rate of increase in use in the younger 

group was only 1.8-fold higher. The rate of increase in statin use was 1 -6-fold higher in males than in 

females post-4s. Specialists had 2-fold higher rate of increased statin use than non-specialists. 

Overall, prescription rates of statins remain lower than might be optimal in a post-MI population. 
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Chrpter 1 

Introduction 

The purpose of this chapter is tor 

7. Provide the rationale for the study; 

2. Describe the anticipated findings; 

3. Intmduce the study objectives and hypotheses. 

1.1 Rationale 

Coronary heart disease (CHD) is a leading cause of mortality in Canada. Effective 

prevention or treatrnent of CHD decreases morbidity and mortality and results in significantly 

improved population health, There has been a substantial decrease in the number of deaths from 

CHD in Canada from 51,000 in 1976 to 44,000 in 1991, with most of the decrease due to fewer 

deaths from myocardial infarction.' Despite these decreases, CHO still represents a major economic 

burden to the health care system with the total cost of cardiovascular disease in Canada estimated at 

$18.0 billion in 1994.' There are many risk factors which increase the chance of developing coronary 

atherosclerosis and subsequent CHD. While some of these risk factors cannot be changed. others, 

such as hyperlipidemia can be modified. potentially decreasing the adverse events associated with 

CHD.~ 

A series of major studies conducted over the last twenty years have conclusively 

demonstrated that hyperlipidemia is a major modifiable risk factor for CHD, and that lowering 

cholesterot levels, particulariy low-density Iipoprotein cholesterol (LDL-C), helps to prevent CHO 

events and decreases cardiovascular rnorta~it~.'.~ Despite the benefit demonstrated in ternis of 

reduced CHO mortality, evidence for a reduction in total mortality was lacking in these earlier pre- 

statin trials. In the last few years, several major landmark trials have been published showing that 

one particular class of lipid lowering agents, the HMG-CoA-reductase inhibitors, otherwise known as 

"statins", improve patient outcornes with minimal adverse effects. The first trial, the Scandinavian 

Simvastatin Survival Study, or 4s study, published in November 1994, demonstrated that simvastatin 

resulted in a clear and substantial decrease in CHD events. There was benefit demonstrated for both 

cardiovascular as well as total mortality when used for secondary prevention in patients with CHD 



(history of angina or myocardial infarction) who also had a high ~ ~ ~ c h o l e s t e r o l ?  The second trial* 

the Cholesterol and Recunent Events, or CARE study, showed that pravastatin therapy resulted in a 

significant reduction in CHD events and cardiovascular mortality in patients with prior CHD (history of 

myocardial infarction) and 'normal" cholesterol levels: Subsequent trials to these have confirmed 

and strengthened the initial findings, including the landmark prirnary prevention statin trial, West of 

SCOU and.8.9.10 

An area of controversy in recent years had been whether the reducüon of cholesterol results 

in a decline in subsequent CHO events and mortality in patients older than 65 years of age- In the 

past, it had been suggested that these patients may not benefit from reduction of senim cholesterol 

levels. Preliminary reports from the 4s. CAR€ and LlPlD studies have shown that cholesterol 

reduction with statins in patients 60 years and older results in equal or greater reducüons in coronary 

events and mortality as compared to middleaged patients."." The application of the results of these 

landmark trials into medical practice could impart a signifiant health benefit to al1 patients with CHD. 

Furthemore, we now realize that older patients may achieve benefits from this therapy and should be 

wnsidered for secondary prevention with statins- 

Unfortunately, it is well-recognized that research results, even those of major landmark 

dinical trials, often do not get translated into c l in id  practice very quickly. In some areas, research 

findings may not result in a practice change at ail." Many studies have reported disappointing 

translation of research into practice for other cardiovascular conditions and medications, most 

notably. ASA, beta-bfockers, and thrombolyüc therapy in acute myocardial infar~tion."-'~ Pradice 

pattern analyses of the management of hyperlipidemia conducted prior to these landmark trials have 

also shown suboptimal management in both the screening and treatment of hyperlipidemia.17'" 

Clinicians must deal with large arnounts of new medical information each day, so it is 

understandable that al1 new medical advances are not immediately noted and incorporateci into 

practice. However, the dissemination of the results of the landmark statin trials is somewhat difFerent, 

representing one of the most substantial combined efforts by the medical community, the media, and 

the phamaceutical manufacturers to promote rational dnig use in a prevalent and important medical 

condition. Were these efforts successful? 



In Ontario, the effect of this literature dissemination on the prescribing of lipid lowering agents 

( L M )  in the post-myocardial infarction patients 65 years and older has not been assessed. Since 

CHD is such a prevalent condition. having a significant impact on the morbidity and mortality of many 

Ontarians, an important first step is to determine whether this research has been translated into 

practice. In addition, by identifying the characteristics which define the degree of response. 

differential prescribing to subgroups will be detected. If this study determines aiat there have been 

changes in practice consistent with the clinical trial results. further work could examine whether this 

practice change in the real world setting produces the same improved patient outcomes as in the 

landmark trials. If the expected changes in prescn'bing have not accurred, the barriers lirniting 

change in practice must be investigated. 

1.2 Antici~ated Findinas 

Based on the quality of the literature surrounding the use of statins in AMI patients and the 

high risk of these patients for subsequent coronary events and mortality, it was expected that the rate 

and level of prescription of statins would progressively increase over time- This increase in Ievel 

would represent both an increase in market share for the statins as well as an increase in the total 

market size. mat is, more statins would be dispensed as a proportion of al1 lipid lowering agents 

(market share increase) and more statins would be dispensed overall (increase in the market size). 

Specifically, the rates of increase in the prescription of simvastatin and pravastatin, the only two 

statins for the time period of this analysis to have shown signifiant morbidity and mortality benefits 

might be expected to increase in a greater proportion than the other statins or other LLA. Therefore, 

the first hypothesis was that the publication of 4s and subsequent trials should be associated with an 

increase in the overall rate of statin use. 

It was anticipated that there would be variations in the rate of increase in the prescription of 

LLA in general and for the statins specifically according to characteristics which have been previously 

shown to be associated with differential prescribing. The rates of increase in prescription of both LLA 

and statins was expected to be Iower in the "old" elderly ( ~ 7 5  years old), women, and those not 

associated with teaching hospitals. It was also expected that prescribers who were generalists were 

more likely to have a lower increase in the rate of prescription of LLA and statins than specialists. 



Since patients with diabetes or stroke are at higher risk of CHD events, it was expected that uülization 

rates in these patient subgroups would be higher than in patients without these comorbid conditions. 

Previous Iiterature has dernonstrated that these patient and prescriber factors result in variations in 

practice Therefore. the second hypothesis was that the rate of increase in the use of 

statins prior to as well as after the publication of 4s was associated with patient. provider and drug 

characteristics. 



Using an administrative hospital discharge abstract database and a prescription daims database, this 

study was designed to: 

1 ) describe the levels of utilization of: 

a) LLA; and 

b) statins, specifically; 

for secondary prevention of CHD in patients 65 years and older, with a most responsible 

diagnosis of acute myocardial infarction in the past year between 1992 to 1997; 

2) compare the rates of increase in the utilization of: 

a) LLA; and 

b) statins, specifically; 

for secondary prevention of CHO in patients 65 years and older, with a most responsible 

diagnosis of acute myocardial infarction in the past year during two time periods: before the 

publication of the 4s trial, and after the publication of the 4s trial; 

3) identify factors associated with variations in the rates of increase in the utilization of LLA and 

statins: 

a) patient characteristics 

i. younger age vs older age (65-74 vs 75y and above); 

ii. male vs. female; 

iii. comorbidities (diabetes, stroke); 

b) prescriber characteristics 

i) specialist vs- non-specialist (internist and cardiologist vs general practitioner. 

other practitioners); 

c) hospital characteris:ics 

i) teaching hospital vs non-teaching hospital; 

d) dnig characteristics 

i) fluvastatin vs. lovastatin vs. pravastatin vs. simvastatin. 



1.4 Studv Hmtheses 

The nuIl hypotheses were that no significarit differences would be found in rates of utilization 

of LLA or statins before and after the publication of the 4s trial and that no diWerence in utilization is 

associated with the patient, the prescriber or the dnig characteristics. 



Chapter 2 

Background 

The objectives of this chapter are to: 

1. Review the epidemiology of hyperlipiüemia as mlated to p s t - M l  patients; 

2. Review the controversy of lipid lowenng in patients 65 years and older; 

3. Present the evidence for the use of statins in lowerrirg cholesterol pst-Ml; 

4. Review published pracfice patterns analyses of /@id lowenng strategies; 

5- Summarize the literature on the influence of patient, prescncnber and dnrg charactenstrstrs on the 

diffusion of evidence-based medication use; 

6 Present cunent theonés on the diffusion of medical innovations. 

2.1 E~idemioloav of Hvmriipidemia 

2.1 -1 Morbiditv and Mortalitv in Caronaw Haart Disease 

CHD is a major econornic burden to the health care system with the total cost of the morbidity 

and mortality associated with cardiovascular disease in Canada estimated at $18.0 billion in 1994.~ 

Effective prevention and treatrnent decreases morbidity and mortality associated with CHD. Risk 

factors which independently increase the risk of developing coronary atherosclerosis and subsequent 

CHD include age, sex, family history of premature atherosclerosis, smoking, dyslipidemia and 

hyperlipidemia, hypertension and diabetes mellitis. While some of these risk factors cannot be 

changed, others, such as smoking, hypertension, diabetes and hyperlipidemia can be modified, 

potentially decreasing the adverse events associated with CHD.~ 

Modification of these risk factors is important in the prevention of CHD in the general 

population without pre-existing CHD (primary prevention) and has led to a decline in the developrnent 

of CHD over many years.'g20 It is even more crucial to manage risk factors in patients who already 

have pre-existing CHD (secondary prevention) in order to prevent further CHD events in these high 

risk individuals. Two recent reports indicate that patients with pre-existing CHO are eight times more 

likely to die from CHD than people without such a hi~tor~.~'" 



2.1.2 Cholesterol as a Risk Factor 

Rubins and colleagues have shown that hyperlipidemia, in particular, is highly prevalent in 

the CHD population, with 87% of a cohort of 8,500 community-living males with CHD, having severe 

enough elevations in Iipid levels to require either diet or drug therapy. In addition, at least 42% of 

these men required drug therapy accarding to the United States National Cholesterol Education 

Program (NCEP) re~ommendations.~ More recentl y, Me Bais h Cardiac Society survey. ASPI RE, 

showed that in 2,583 patients with coronary disease, 51% of males and 67% of females had a total 

cholesterol level of at least 6 mmoUL and 78% of males and 86% of females had a total cholesterol 

level of at least 5 mmo~~." The NCEP guidelines. in use at the time of the ASPIRE study, suggest 

that coronary patients with a total cholesterol level of at least 5.2 mmoWL receive therapy to reduce 

their cholesterol ~evels .~ Cunent Canadian guidelines suggest that coronary patients maintain an 

LDL-cholesteml of 4 . 5  mrnolLaB The larger and more diverse, EUROASPIRE survey, in 4,863 

patients from nine European countries found very similar results, with 65% of post AMI patients 

having a total cholesterol level of at least 5.5 m r n o ~ ~ . ~  Specifically. in older patients. Aronow found 

that in 500 post MI patients older than 60 years of age, the LDL cholesterol was greater than the 

desired target at the time for patients with coronary artery disease (3.2 mmoUL) in 69% of those 60 to 

80 years of age and in 65% of those 81 to 100 years of age." 

A series of major pre-statin studies conducted over the last twenty years have conclusively 

demonstrated that hyperlipidemia is a major modifiable risk factor in CHD, and that lowering 

cholesterol levels, particulariy low-density lipoprotein cholesterol (LDL). helps to prevent CHD events 

and decreases cardiovascular mortality. The triais varied in duration (from less Vian one year to ten 

years), interventions (a varÏety of diets to surgery to various classes of L U ) .  degree of cholesterol 

lowering achieved, size, and type of study population. Despite their heterogeneity, these studies 

resulted in an average reduction in total cholesterol of zero to twenty percent, and a fairiy consistent 

reduction in CHD events. 45.29 Despite the abundance of trials and interventions. a lingering issue 

prior to the studies using statins had been the overall role of Iipid lowering in the prevention of CHD. 

Although most studies had show a benefit in CHD mortality, only two of these pre-statin triais had 

demonstrated statistically signifiant res~its?~~' in addition, three trials showed trends towards 



increased non-CHD mortalitySguY while most trials did not have enough power to show a positive 

difference in overall mortality (CHD and non-CHD rn~rtafity).~ 

Several meta-anaiyses of the trials have been conducted and have also shown conflieting 

results regarding CHD and non-CHD mortality. It has been discouraging that no meta-analysis before 

1994 has shown any signifiant benefit of cholesterol reduction on total rnorta~ity.~~ To make rnatters 

worse, older generation LLAs have a high incidence of adverse side effects, induding gastrointestinal 

distress and pmritis, and lack palatability. However, in 1987, a new type of LLA, the 3-hydroxy-3- 

rnethyiglutaryl coenzyme A (HMG-CoA) reducbse inhibitors, or statins, were intmduced into pradice 

in Canada and were a welcorne addition to the LLA classification. Statins have been shown to be 

more efficacious than the older agents in reducing cholesterol, have a more favorable safety profile 

as compared to sorne older agents, and have improved patient acceptance as cornpared to other 

older agents.-' 

2.1 -3 H ~ ~ e r ~ h ~ l e ~ t e r ~ l e m i a  in Patients 65 Yeam and Older 

An area of controversy in recent years has been whether the reduction of cholesterol results 

in a decline in subsequent CHD events and mortality in patients older than 65 years of age.-* In 

initial population-based epidemiological studies of the relationship between cholesterol levels and 

CHD and all-cause mortality, a U- or J-shaped relation was found in the older cohorts- There are five 

large observational studies which have suggested that elevated cholesterol levels may not be a 

significant cardiovascular risk factor in older people. Ives et al correlated total semm cholesterol 

levels with rnorbidity and moftality in 3,874 seniors in a rural community and found a higher mortality 

rate of 12.8% in patients with levels below 3.9 mmol/L than those patients with a cholesterof level 

between 5.2 to 6.2 mmol1L (7.3%). Kronmal et al, using the Framingham data. examined the 

relationship between total serum cholesterol and mortality and found a positive relationship at age 40. 

a neutal relationship at age 60 and a negative effect at age 80. The next study, by Krumholz et al, 

was a longitudinal study of a cohort of 997 patients 65 years and older in the United States from the 

Established Population for the Epidemiologic Study of the Elderfy (EPESE). Using a logistic 

regression rnodel, this study found that these older patients had similar overall mortality rates at al1 

cholesterol levels. In addition, when Corti et al examined the entire EPESE cohort who completed 



their sixth follow-up visit, they found no effect of total cholesterol levef on mortality. The final and 

most recent study, by Weverling-Rijnsburger et al, monitored 724 very old patients (85 years or older) 

in a Dutch community for ten years and found that patients with lower cholesterol levels died more 

frequently from cancer and infection and had an overall lower sumivai rate than those with higher 

cholesterol levels. 

Despite the consistent findings from these five studies, a known limitation of observational 

studies is the inability to adequately adjust for al1 prognostic factors and confounding variables. 

These studies did not adjust for major differences in the middle-aged and older populations, resulting 

from concomitant diseases or corn~rbidit~."**~ Ofder, frail persons with high burden of disease and 

resultant acquired low cholesterol levels are more likely to have decreased survival than those with 

little or no disease and chronically low chofesterol levels. A recent study investigated this hypothesis 

and found that after adjustrnent for risk factors and indicators of frailty, such as, low serum albumin, 

elevated total cholesterol levels do predict increased risk for death from CHD in older adults? In 

addition, observational studies are limited in their ability to determine causality due to the nature of 

the study design. 

2.2 The 4S Studv and Subseauent Statin Trials 

Focusing on the benefits of statins in prevention of secondary coronary events, three major 

landmark triais have been pubfished in the last five years. showing that statins improve patient 

outcornes with minimal adverse effectsH The first trial of the series, the Scandinavian Simvastatin 

Survival Study (4S), was designed to evaluate the effect of cholesterol lowering with simvastatin on 

mortality and morbidity in patients with CHD.' Four thousand four hundred and forty-four patients 

with angina pectoris or previous myocardiaf infarction and serurn cholesterol 5-5-8.0 mmofL on a 

lipid-lowering diet were randornized in a double-blind study to treatrnent with simvastatin or placebo 

according to the inclusion and exclusion criteria listed in Table 1. Over a follow-up period of 

approximately 5 years, the relative risk of death from al1 causes in the sirnvastatin group was 30% 

lower than that in the placebo group (8.2% vs 11.5%, p=0.0003). In addition, there was a 34% lower 

risk of coronary events in the simvastatin group (19% vs 28%, p<0.00001). The nsk was also 

reduced in subgroups consisting of women, patients of both sexes aged 60 years or more, and al1 



pretreatrnent levels of cholesteroL3' The frequency of adverse effects was similar in each group, with 

only 6% of patients in both groups discontinuhg the study dnig due to adverse events. 4S was the 

first trial of lipid lowering therapy to demonstrate, with simvastatin as the lipid lowering agent, a clear 

and substantial decrease in CHD events, cardiovascular and total mortality when used in patients 

with hyperiipidemia who already had CHD. The 4s trial was first presented at  the Arnerican Heart 

Association meeting in November 1994 and was simultaneously published In The Lancet on 

November 19.1994 and received much attention in the mecfical and lay press? Frorn the 4S study. 

we can condude that patients with high chdesterd levels and pre-existing CHO can benefit from Iipid 

lowering with simvastatin. 



Table 1: 4S Inclusion and Exclusion Criteria 

Inclusion Criteria Exclusion Criteria 

Men and women 

35-70 years of age 

History of angina or acute myocardial infardion 

Triglyceride 12.5 mmol/L 

Cornpliance with 2-week placebo nin-in phase 

Total serurn cholesterol5.5-8.0 mmoUL after 8 

weeks of dietary therapy 

Premenopausal women of childbearing potential 

Secondary h yperchoksterolem ia 

Unstable or Pnnmetal angina 

Tendon xanthomata 

Planned coronary artery surgery or angioplasty 

Congestive heart failure requiring treatment with 

digitalis. diuretics or vasdilators 

Antiarrhythmic therapy 

Ml during the preceding 6 months 

Persistent atrial fibrillation 

Cardiomegaly 

Hemodynamically important valvular heart 

disease 

History of completed stroke 

lmpaired hepatic function 

Partial ileal pypass 

History of drug or alcohol abuse 

Poor mental function 

Other serious disease 

Cunent treatment with another investigational 

d w  

Hypersensitivity to HMG-CoA reductase inhibitors 



The second major LLA trial with statins, the Cholesterol and Recunent Events (CARE) study, 

was designed to assess the effectiveness of lowering LDL cholesterol levels in a "typical* post MI 

population in patients with "averagew cholesterol levek7 While some patients with CHD have high 

cholesterol levels, many actually have average cholesteroi levels. In a double-blind trial lasting 

approximatel y 5 years, 41 59 patients with myocardial infarction and LDL cholesterol levels of 2.94.5 

rnmoUL, were randomly assigned to receive pravastatin or placebo. The primary endpoint was a fatal 

coronary event or a nonfatal myocardial infarction. The patients in the pravastatin group had a 

statistically significant redudion of 24% in the primary endpoint (1 0.2% vs 13.2%. p=0.003). While 

the same benefit was demonstrated in al1 age groups. including those 60 years or greater, pravastatin 

lowered the rate of coronary events in the fernales in the study to a greater degree than males, 

although it was not designed to compare gender effects. In contrast to the 4s study. the CARE trial 

did not demonstrate significant differences in overall mortality or mortality from noncardiovascular 

causes. The results of the CAR€ trial was first presented at the American College of Cardiology 

meeting in March 1 996 and was later pu blished in the New England Journal of Medicine on October 

3, 1996. As with the 4s study, considerable media coverage also ammpanied the release of these 

trial results, 

Most recently, the third statin secondary prevention trial, Long-terrn Intervention with 

Pravastatin in Ischemic Disease (LIPID), was first presented at the American Head Association 

Meeting in Novem ber 1997, and su bsequentfy published in the New England Journal of Medicine on 

November 5,  1998.~ In a double-blind trial, 9.014 patients with a recent history of either myoîsrdial 

infarction or unstable angina and a total cholesterol level between 4.0-7.0 mmol/L were randomly 

assigned to pravastatin or placebo for an average of 6.1 years duration. Patients in the pravastatin 

group had a significantly reduced rate of both coronary heart disease-related mortality (6.4% vs 8.3%, 

24% risk reduction, pcO.001) as well as total mortality (1 1.0% vs 14.1 %, 22% risk reduction, 

pc0.001). This latest trial adds further evidence to the theory that across a wide spectrum of baseline 

cholesterol levels, treatment with a statin reduces morbidity and mortality in patients with previous 

myocardial infarction. 

While in the past, it had been suggested that patients 65 years and older would not benefit 

from reduction of cholesterol, we now have evidence that cholesterol is an important risk factor for 



CHD in the older population. In addition, there is now evidence to suggest that lowering cholesterol 

Ievels will be beneficial in reducing coronary events. 60th the 4s and CAR€ trials found statins 

effective patients 60 years and older, and preliminary detailed subgroup reports have shown that 

cholesterol reduction with statins in these older patients results in equal or greater reductions in 

coronary events and mortality as compareci to middle-aged The application of the 

results of these landmark triab into medical practice could result in a significant health benefit to al1 

patients 65 years and older with CHD.~' 

While there should be significant changes in pmctice a d a t e d  with the publication of the 

4s trial, truly substantial changes are often only found after accumulation of supporting evidence from 

more than one clinical trial. Since the 4s trial was the first pivotal trial of these three statins studies, it 

represents a turning point in the dinical trial evidence in tbis area of practice. The accumulation of 

concordant evidence as show in both CARE and LIPlD further validates and supports the initial 

evidence found with the 4s trial. Further increases in the use of statins in post MI patients should be 

seen following the publication of ail thme trials. 

2.3 Cholesterol Research into Practice 

Unfortunately, we know that research results, even those of major trials, often do not get 

translated into clinical practice very quickly. In some areas, research findings may not result in a 

practice change at  al^.'^ Many studies have reported disappointing translation of research into 

practice for other cardiovascufar conditions and rnedicati~ns.'l'~ Practice pattern analyses of the 

management of hyperlipidemia conducted prior to these landmark trials have also shown suboptimal 

management in both the screening and treatment of hyperlipidemia.'7*18**349 Patients 65 years and 

older are an important group of patients to study in terms of dnig utilization due to previous reports of 

differential prescnbing and questionable prescribing practices for this p o p u ~ a t i o n . ~ ~  

From the past, we know that some strategies for improving prescribing practices have been 

successful (outreach visits, opinion leaders and multifaceted activities) while others have not 

(dissemination of printed guidelines, unsolicited r n a t e r i a ~ s ) . ~  In tenns of cholesterol practice 

interventions, the effect of guidelines have been assessed in twa recent studies, one in Ontario and 

one in  hio o.^^." The Ohio study found that there were no differences in three different traditional 



educational approaches in compliance with the practice guidelines fmm the NCEP.~ The Ontario 

study found that in a survey of general practitioners and family physicians conducted 6 to 8 monttrs 

after dissemination of evidence-based guidelines for screening and managing hypercholesterolemia, 

few respondents were actually following the guidelines.% 

Clinicians must deal with large amounts of new medical information each day, so it is 

understandable that many medical advances are not immediately noted and incorporated into 

practice by al1 ciinicians, resulting in variability in measures like prescription drug u t i~ i za t i on .~  

However, at times. major landmark trials have made a difference. lscoe and colleagues investigated 

the impact of a large, randomized trial, the National Surgical Adjuvant Breast Project, on surgical 

management of breast cancer in women in Ontario, and found that this trial had an irnmediate and 

profound impact on practice." Likewise, the dissemination of the results of the landmark 45 statin 

trial may be sornewhat similar, representing one of the most substantial wmbined efforts by the 

medical community, the media, and the pharmaceutical manufacturers to promote rational dnig use in 

a prevalent and important medical condition. 

The effect of the dissemination of the 4s trial on the prescribing of LLAs and statins in 

Ontario has not been fully explored. However, two recent studies have investigated the changes in 

prescribing before and after the 4s trial in other countries. Lemaitre and colleagues studied a general 

cohort of 5,201 patients 65 years of age and older from four counties in four different states in the 

United states6' Without regard for whether patients actually had documented cardiac disease or not. 

general patterns of use of the statins from 1989 to 1996 were described. Statin use in the entire 

cohort 65 years and older increased approximately four-fold from 1.9% in 1989 to 7.5% in 1996. Use 

of other lipid lowering agents remained low, with fibric acid derivative use decreasing over the period. 

Most recently, Baxter et al investigated the trends in the use of lipid lowering drugs in primary Gare 

settings in four health authorities in the South East Tharnes region in England since the publication of 

4 ~ . ~  They found that the overall use of lipid lowering dnigs, without separating out the changes for 

statins, increased exponentially in al1 health authorities studied, but that the rate of change varied 

widely between areas. 

These two studies very generally assess the changes in the use of either statins or Iipid 

lowering agents over the period before and after 4S, without exploring details of specific statin use, or 



the effects of patient or prescriber characteristics In contrast, the present study explored both the 

broad and specific patterns of change in the use of UA, This research assessed the changes in 

utilization of different statins, statin vs non-statin lipid lowenng agents, as well as the effects of patient 

characteristics (age, gender, comorbidities), and prescriber characteristics (teaching hospital status 

and physician specialty type). Details of this nature are crucial to properly understand the undenise 

or variation in use of the statins. These data assist in determining wtiere to target education or 

improvement strategies to enhance appropriate diffusion of this evidence to appropriate patients and 

prescribers, 

2.4 Differential Prescribin~ 

Not only is prescribing in al! patients less than optimal as compared to medical evidence, 

prescribing has been shown to differ based on patient characteristics (age. gender, comorbidities), 

and prescriber characteristics (age, gender, year of graduation, specialty status, hospital type). 

Several practice pattern analyses of post-Ml therapies were conducted in the 1990's 

investigating differential prescrïbing of effective therapies, such as, beta-blockers, aspiBn. and 

thrombolytics, in relation to patient age. 14-16.51.52 Gurwi& et al, in a group of 4,762 patients from 16 

hospitals in Massachusetts. found a gradient of beta-blocker prescribing post MI related to patient 

age, with an odds ratio relative to patients less than 55 years of age of 0.61 in patients 55 to 64 years 

of age and an odds ratio of 0.26 in those aged 85 years and overeW Others studies support these 

findings not only for post MI beta-blocker use, but for other known efficacious therapies such as 

aspirin and thrombolytics where again, those patients 75 years and older had lower prescription rates- 

6567 lnvestigators from the Clinical Quality lmprovement Network (CQIN). a collaborative quality 

improvement research group in Canada demonstrated in the early 1990's that AMI patients older than 

70 years of age were prescribed significantly less thrombolytics (20% vs 43%). beta-blockers (41 % vs 

62%) and ASA (71 % vs 87%) than patients younger than 70 years of age? More racantly, they also 

demonstrated that patients older than 70 years of age also had a lower rate of assessment and 

modification of coronary risk factors than their younger counterparts." 



Not only age has played a significant role in determining prescribing rates. Preferential 

prescribing for the male gender has also been uncovered. For instance, in a cohort of 2.070 post MI 

patients from Alberta and Nova Scotia in 1987 to 1992. women not only had a significantiy lower rate 

of prescription for aspirin (69% vs 79%). beta-blockers (36% vs 48%). thrombolytics (20% vs 30%), 

but also had a higher mortality rate (1 8% vs 12%) as compared to their male counterparts.* Several 

other studies in North American throughout the 1990's also support these findings of differential 

prescribing due to gender."-15s52M 

2.4.3 Effect of Comotbiditv on Prescribing 

Several studies have investigated the effects of comorbid medical conditions on the 

prescribing of rnedicat ion~.~~~~" Fontana found the odds of receiving preventive senrices in primary 

care practices was reduced (range = 0.32 to 0.81) in patients with comorbid conditions, particularly 

diabetes. as compared to those without any comorbidities." In l992/93, McLaughlin evaluated 2,409 

AMI patients in Minnesota and found the odds of receipt of thrornbolytics in patients with severe 

comorbidities was 0.49 and aspirin was 0.46 when wmpared to individuals without such  imitation.'^ 

Krumholz et al studied 5,490 Medicare patients in four American states and found in a multivariate 

regression analysis that the presence of diabetes resuIted in a significantly reduced prescription rate 

of aspirin post Mi with an odds ratio of 0.81. Most recentiy. Redelmeier studied 1,344,145 patients 

65 years and older using the Ontario Drug Benefit database and found that unrelated medical 

disorders are less likely to be treated in patients with chronic diseases-= Their study specfically 

found the odds of treatrnent with Iipid-lowering agents was 0.69 in patients with pulmonary 

emphysema than in those without this condition. In contrast, patients with related conditions often 

received therapy more frequently for concomitant conditions. For example, patients with diabetes 

were more likely to be dispensed a Iipid lowenng agent than other patients. as would be anticipated 

since hyperglycemia is associated with dyslipidemia (1 1.4% vs 8.5%). These studies demonstrate 

that physicians make prescribing decisions based on patients' concomitant comorbidities. 

In the initial 4s publication, patients with a history of completed stroke were excluded. and 

only 5% of patients with diabetes were enrolled in the trial, providing Iirnited evidence for each of 



these patient subgroups. However, considering these specific patient characteristics, it was plausible 

to anticipate that these patients would be at higher risk of coronary events, and would have higher 

rates of use of statins for secondary prevention. In addition, the use of statins in the presence of 

stroke or diabetes is not contraindicated- Supportive evidence for the use of statins in patients at risk 

of stroke cornes from the three large statin trials, 4, CARE and LlPlD which al1 found a decrease in 

the rate of cerebrovascu!ar events with statin therapy. These results were included in the main 

published results of each of the trialsH ûf note. a recent meta-analysis of al1 the statin trials to that 

date, published in 1997 (long after the 45 study), found that statins reduced the risk of stroke as a 

separate er~d~oint.?~ 

2.4.4 Prescribina Related to Phmician Characteristics 

The prescribing patterns of specialists (cardiologists). have been compared to generalists 

(primary care physicians) in numerous studies in the treatrnent of patients with MI, as well as with 

angina, and congestive heart f a i ~ u r e . ~ ~ ~  Data supports the hypothesis that cardiologists presaibe 

effective therapies post MI (aspinn, beta-blockers, and thrombolytics) more frequentiy than their non- 

specialist colleagues. In addition, patients treated by cardiologists are more likely to undergo invasive 

cardiac procedures such as diagnostics cardiac ~atheterizations.~.'~ Ayanian proposes that since 

cardiologists read more specialty joumals and scientific reports, their information lag and subsequent 

transfer of research into practice may be lest than genealist physicians.m 

However, in one study, even cardiologists have been found to need improvement in the rate 

of use of beta-blockers post MI? Willison suggests that with cardiologists and primary care intemists 

working together, patients will be best cared for.75 

2.4.5 Prescribina Related ta Hospital Characteristics 

Several American studies have investigated the effect of hospital type on medication 

prescribing post  MI.'^"'" McLaughlin and colleagues found that urban teaching hospitals had 

significantly better rates of use of ASA and lidocaine with trends towards improved use of beta- 

blockers and thrombolytics as compared to al1 other hospitals?' More recently, using data hm the 

Cooperative Cardiovascular Project, Chen et al reported that of 149,177 Medicare AMI patients in the 



cohort, those admitted to the 'top" teaching hospitals had greater use of aspirin and beta-blockers 

and a lower adjusted 3 M a y  mortality rate as compared to other hospitalso The authors propose 

that a substantial proportion of the survival advantage may be associated with the Yop" hospitals' 

higher rates of these simple therapies, aspirin and beta-blockers. 

2.4.6 Medication-Related Preicribina Factors 

Most practice pattern analyses group classes of dnigs together for overall prescn'bing rates, 

so information on medication-specific prescribing is sparse in the published literature- Dnig-specific 

analyses from the Institute for Clinical Evaluative Sciences first practice atlas in 1994 were conducted 

for some gastrointestinal and cardiac medications? The introduction of new H2-antagonists and a 

proton pump inhibitor increaseâ expenditures substantially over the period of two years, both due to 

an increase in the number of doses dispensed and due to an increase in the average price per dose 

of specific agents. The introduction of generic and long acting forms of some specific calcium 

channel blockers resulted in a shift from use of the standard release products to these other new 

formulations over a seven year period. These data suggest that the addition of new agents or 

formulations within a specific drug class can significantly impact prescribing patterns of a class of 

agents within relatively short time framesB3 

In relation to the statin subclass of lipid lowering medications, listing of the agents on ODB at 

different times would Iikely either result in shifts in prescribing from one agent to another or additional 

prescribing due to the availability of another agent However, since major differences in the agents, 

in terms of side effects, convenience, costs, and types of formulations, did not exist before the 4s 

trial, specific reasons or shifts from one statin to another would be unexpected. 

The characteristics of innovations which impact their rate and extent of uptake, described by 

Rogers, are the innovation's relative advantage, mmpatibility, complexity, trialability, and 

observabi~it~?~ In ternis of the different effective therapies available post MI, certain medications, 

such as aspirin, are 'easier" or less complex to prescribe than others, such as, beta-blockers or 

thrombolytics, resulting in overall more satisfactory prescribing levels. This may be as a result of 

fewer contraindications to therapy or fewer potential and serious side effects. When considering Iipid 

lowering therapy, particularly statins post MI, achieving the target rates of use should be similar in 



scope to achieving the target rates of use of aspifln since there are few serious side effects and 

contraindications with either of these therapies. therefore, resulting in a less complex innovation to 

adopt. However, despite the relative safety of the statins, the perception of many physicians is that 

statins do have significant side effects- In ternis of the other characteristics. the statins in the 4S and 

other subsequent wals, have demonstrated a relative advantage over other Iipid lowering agents. 

SInce their significant impact on patient outcomes was not compatible with prior knowledge of 

cholesterol lowering therapy in the elderly, sorne discontinuity in noms and beliefs occurs. Other 

positive characteristics of statins are the ability to trial and observe the therapy in just a few patients 

without a large initial commitrnent, investrnent or expenditure. Overall, the statins possess most of 

the positive characteristics of innovations which are likely to be adopted rapidly into pra~t ice.~ 

2.5 Diffusion of Reseaich into Practice 

As previously reviewed, we know that the results from clinicctl trials do not always translate 

into changes in clinical practice, In addition, certain types of interventions may assist the diffusion 

process to a greater extent than others. There are also some general theories about factors in the 

healthcare setting or environment and with regards to new medical procedures in general which affect 

the rate of diffusion of information, Lessons about how research can be translateci into practice can 

be obtained from studies of the diffusion of innovations, adult leaming theory, social influences 

literature and marketing approachess5 

Practice is not merely applied science. It is difficult for a physician to draw implications for 

practice from a specialty journal article-= In addition, many clinicians are skeptical of new 

innovations. believing that the professional Iiterature is biased toward new technology. It is the 

general belief, and, in fact, it has been shown that it is easier to publish positive results rather than 

negative ~nes. '~ 

One must consider the ethics of introducing a new technology prematurely or excessively 

delaying its use.- Clinicians are understandingly cautious after such historical medical failures as the 

use of gastric freeu'ng for ulcer therapy or the use of potent antianhythmics in asyrnptomatic patients 

post myocardial infarction?." Tanneberger notes that not ail that masquerades as an advance is an 

advance. Therefore, clinicians must still be able to recognize fwl's gold.M 



Substantial research has attempted to understand how innovations diffuse. The general 

theory of how new ideas spread has been developed over that last five decades. Diffusion is the 

process by which an innovation is cornmunicated through certain channels over time among the 

members of a social systern. An innovation is an idea perceived as new by an individual or an 

organizati~n.~" The concept of an Sshaped curve has been used to desaibe the time-uptake 

relationship. This reflects a slow beginning, then a rapid spread. and finally a leveling off as the full 

difision is reached. In the first units of time, there are relatively few adopters of the innovation - the 

'innovatorsW. They are oriented to Ycasmopdite" social relationships (through travel and reading 

widely), and are not closeiy integrated with their peers in local networks. The next category to adopt 

an innovation are the early adopters, who are respected by their pers in the system since they are 

seen as credible, competent and tnistworthy. They are younger, better educated and more 

geographically mobile than the later adopters. They are often called the opinion leaders. They are 

well respected for making judicious decisions in adopting new ideas, and so are important to the 

phase of the diffusion curve where rapid adoption occurs. Next, cornes the late adopters (early and 

late majority) and finally the ~a~~ardsP<~""" Some of the earliest work on the difision of new 

innovations into practice explores the characteristics of physicians who are early as opposed to late 

adopters. Coleman and colleagues found early on that physicians in the sarne social group tended to 

adopt a drug at about the same 

There are fnre stages which can be used to describe how individuals go through the 

innovation process itself: knowledge (becoming aware that a new idea exists), persuasion (fonning a 

favorable attitude toward the new idea), decision (a choice to adopt the innovation), implementation 

(putting the new idea into use), and confirmation (seeking further information about the innovation, 

leading to either continued use or abandonment). In addition, different types of communication 

channels are required for proper dissemination. Mass media is useful for general awareness and 

interpersonal communication for persuasion.u" Lomas has also referred to the different stages 

which individuals must go through in the process of behaviour change: predisposing activities in order 

to trigger change, enabling strategies to motivate and facilitate change and reinforcing activities to 

sustain the change!3 



There are some attributes which help explain wtiy innovations differ in their rate of adoption: 

the relative advantage (superiority of new idea), compatability (similarity to previous experience or 

beliefs), complexity (perception of difficulty), tnalability (ability to divide for experimentation) and 

observability (degree new idea can be seen by ~ t h e r s ) b . ~ ~  In addition, the content or research 

information is only one of rnany deteminants of the policies adopted by practitioners. The interaction 

of other characteristics of the receiver, the source, the message and the channel of the information 

must be ~onsidered?~ 

Two papers by Stross in 1979 and 1981 examine the effect of publication of two clinical trials, 

one on diabetic retinopathy published in the American Journal of Opthalmology and the other on 

hypertension pu blis hed in the Journal of Vie American Medical Association (JAMA).".~ Ph ysicians 

were surueyed about these two trials and it was discavered that there was a greater awareness of 

and potential changes in practice based on the hypertension article. Stross hypothesizes that more 

common medical conditions (e.g- hypertension), published in more widely read medical joumals (Le-, 

JAMA) lead to greater physician awareness of advances in medical therapy. Since not al1 articles can 

be published in the leading medical joumals, many physicians will likely not be exposed to al1 major 

advances in medical therapy. In relation to the 4s study, which was published in The Lancer, one of 

the more prestigious medical joumals, it would be expected that exposure of the study to physicians 

and awareness by physicians should be at a high ~ e v e l . ~ * ~  

Perhaps even more influential than accessibility or publication of an innovation is the impact 

of marketing approaches of phamaceutical mmpanies on changing physician behaviour-s Many of 

the principles for this approach are taken from advertising and the literature on persuasive 

communication, stressing the use of local opinion leaders as the source for the message and 

ensuring that the message itself is appealing to the targeted physicians.s 

There are many different concepts to consider regarding the diffusion of innovations into 

practice. Consistent ideas were summarized in an eloquent editorial by Schipper in which he reviews 

the factors which come into play to determine whether a new idea takes root.% He suggests that 

there needs to be three conditions: 1) a rnissionary in the local area who has energy and a vision to 

carry out the change process, 2) a large enough body of data, and 3) a convergence of opinion 

between physicians, other healthcare providers, and patients, pnor to the paradigrnatic acceptance of 



new ideas. Only then will practice change take place, and only if local infrastructure for the concept is 

also developed. 

With respect to these conceptual explanations of the uptake of new information into practice, 

we see with the 4s study that it was the first study with a statin drug to show a signifiant 

improvement in morbidity and mortality of patients with CHO. So, it is really an emerging new 

concept without a large body of data, which may have Iimited its impact on clinical practice. It is 

possible that the indirectly supporting evidence of the pravastatin primary prevention trial could help 

irnprove the rate of use of statins as dinicians discovered more positive results with this relatively new 

drug class. For prescribing to nse significantly, there must also be some local factors, such as opinion 

leaders. to enhance practice in some regions of the province. As Greer points out, diffusion of 

innovations is a social process and Mi le science is universal, application is local. a'c6 



Chapter 3 

Methods 

The objectives of this chapter are Co: 

1. Provide an ovemie w of the study methodology; 

2. Descnbe the databases, with attention to selection cntena and validity; 

3. Detail the statistical methods used for data analysis. 

3.1 Preamble 

A quasiexperimental research methd was applied since the administrative data used is 

observational in nature. The primary focus of the study was to investigate the changes in prescribing 

patterns of lipid lowering agents before and after the 4s trial in Ontario in acute rnyocardial infarction 

patients. The focus was on the use of statins since simvastatin was the agent studied in 4s and the 

time frame of interest was between 1992 and 1997, since 4s was published in 1994. The primary 

outcome of interest was use of statins at six months after the acute MI as this would allow enough 

time for dinicians to properly test patients for cholesterol levels, and give a trial of dietary therapy as 

appropriate prior to initiating dnig therapy. Canadian post MI guidelines at the time of this study 

suggest that patients should have cholesterol levels drawn and assessed within 24 hours of 

admission for AMI or if this is not possible, should have cholesterol levels drawn and assessed six to 

twelve weeks post MI to allow time for stabilization of baseline cholesterol levels. It is recomrnended 

that patients have ongoing assessrnent for control of high cholesterol levels during the post MI period 

with appropriate treatment with dief exercise and medi~ations.~' 

Three main steps were taken to assess the changes in prescribing patterns. An initial 

graphieal analysis was conducted to assess for trends in statin use over time for each of the 

individual agents, as well as for the subgroups of interest. A base regression model and subsequent 

relevant subgroup regression models were canstructed using time variables before and after the 4s 

study as independent variables. Regression models using interaction ternis were then used to 

assess for significant interactions of specific subgroups with tirne. The regression models were 

tested for autocorrelation using the Durûin-Watson statistic which detects first-order positive 



autocorrelation. These analyses provided a systernatic rnethod for evaluating the patterns and 

significance of changes in statin use over the time pend of interest, 

3.2 Descri~tion of Data bases 

3.2.1 The Ontario Mvocardial Infarction Databasa - Backaround 

The Ontario Myocardial lnfarction Database (OMID) was the source of the data used in the 

analysis. It was created at the Institute of Clinical Evaluative Sciences (CES) and has been used in 

other analyses of post-MI prescribing pattems and patient outcomes in ~ n t a r i o . ~  OMID was veated 

by using the unique health insurance number (HIN) to Iink variables from four separate data sources: 

( 1 ) the Canadian Institute of Health Information (CIHI) discharge abstract database (Dm), which 

contains the HIN and such information as, the hospital discharge diagnoses, procedures, vital status 

of patient at discharge, and most responsible physician service; (2) Ontario Health Insurance Plan 

(OHIP) database, which contains the HIN and information on physician billings for office visits, 

procedures and laboratory tests ordered by physicians who are paid on a fee-for-service basis and 

were conducted in Ontario; (3) Registered Persons Data Base (RPDB), which contains the HIN and 

vital status data on al1 Ontario residents who are or were covered by OHlP; and (4) the Ontario Drug 

Benefit (ODB) database, which contains the HIN and is a prescription daims database containing 

information on prescriptions dispensed by Ontario pharmacies through 006, a program of the 

Ontario Ministry of Health which provides dnig benefits for defined groups, the largest of which is 

older (65 years and older) residents of Ontario. 

The first step in the creation of OMID was the extraction of al1 records from the 1992-1 996 

ClHl DAD indicating a most responsible diagnosis of AMI (CD-9 code 410). Records were excluded 

from OMID according to the following rules and for the following reasons: a) an AMI that was the 

result of a complication after admission, since these patients may have different outcomes and are 

often treated differently Chan primary diagnosis AMI patients; b) admission to a non-acute care 

institution, such as, a rehabilitation hospital, since these patients may have different outcomes and 

are often treated differently than patients admitted to acute care institutions; c) age less than 20 

years, since the age coding is Iikely invalid; d) age over 105 years since the age coding is likely 

invalid; e) non-Ontario residents, since linkage using Ontario HIN to other Ontario databases was 
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being conducted; f) invalid HIN, since Iinkage was conducted using each patient's unique HIN; g) 

discharged alive after a total length of stay of fewer than four days, since patients discharged home 

prior to four days post AMI likely were miscoded as having had an AMI; h) an AMI admission in the 

previous year, since these patients are Iikely more complicated AMI patients who may be treated 

differently due to their recurrent AMI admission, and also. due to the potential coding errors that can 

result from the ICD-9 code for AMI which incfudes AMI that occuned within a year of the admission; i) 

patients admitted to certain non-cardiac surgical services, since they may have different outcames 

and are often treated differently than patients who had a primary diagnosis AMI; j) patients who were 

transferred from an acute care facility, with the initial admission being incfuded in the cohort and 

subsequent acute care transfers removed; and k) patients discharged to chronic Gare hospitals, since 

drug utilization of patients in chronic care hospitals is not captured using the ODB database. These 

exclusions reduced the initial database from 114,897 records to 87,309 records. 

The AMI database was then Iinked deteministically using the scrambled HIN to the ODB 

database. This dataset then consisted of those patients discharged alive from hospital with an AMI, 

without the above exclusion criteria, and who were 65 years and over. This database was used to 

determine the utilization of prescription cardiac medications in the period following discharge. The 

fact that ODB coverage is Iimited to those 65 years of age or older reduced the AMI database from 

87,309 records for persons of ail ages, to 42,628 records for those 65 years and older (OMID 0 0 8  

subgroup). (see Appendix 1) 

From the OMID database constructed by ICES, the data elements used for this study were 

from the Canadian Institute for Health Information hospital discharge abstract database (CIHI DAD) 

for Ontario and the Ontario Drug Benefit database (ODE) with the key variables as Iisted in the 

following sections. 

3.2.2 The Canadian lnstitute for Health Information Database - Descri~tion 

By law in Ontario, al1 separations (discharges, transfers, deaths) from acute care hospitals 

are included in the database. Trained health records staff in Ontario hospitals abstract information 

from patients' hospital charts to submit to ClHl for individual patient records for the ClHl database. 

For research purposes, each patient can be identified uniquely using the scrambled Ontario Health 
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Insurance Number. The database information includes the recarding of multiple diagnoses using the 

International Classification of Diseases, 9th Revision, (ICD-9) coding- This Iists the most responsible 

diagnosis at discharge from the hospitaf as the primary diagnosis, a maximum of fifteen secondary 

diagnoses and complications- Up to ten procedures are coded according to the CCP using separate 

procedure codes. The physician service and most responsible physician for the patient's care are 

also iisted. ClHl retums any incomplete abstracts to the hospitals for editing. ensuring that data are 

relatively complete. 

3.2.3 The Canadian Institute for Health Information Database - Kev Variables 

For the purposes of this study. the ClHl database was used to identify patients with acute myocardial 

infarction, who would qualify as potential users of LLA dunng the periods of interest, The study used 

the following variables from the ClHl database: patient Ontario HIN, demographics (age and sex), 

admission and discharge date, discharge status (alive or deceased), most responsible physician 

service code, and most responsible diagnosis of acute myocardial infarction (CD-9 code of 41 0). 

3.2.4 The Canadian Institute for Health Information Database - Validity 

Administrative databases are Iimited by the lack of clinical detail for patients and the accuracy 

of the coding. particularly in the accuracy of secondary diagnoses.99 ClHl data has been studied for 

completeness by comparing the ClHl data to the medical charts, to other databases and to expert 

criteria applied to medical charts. 

Completeness of ClHl- Demographics 

Three Ontario studies conducted in 1989 to 1993 assessed the completeness of 

demographic data (age, sex, address) in the ClHl database. They found that 97 to 99% of records 

were complete in these fields. Researchers at the lnstitute for Clinical Evaluative Sciences (ICES) 

who regularly use the ClHl database, have observed that approximately 99% of records are complete 

for demographics. It is estimated that only 0.5% of services for Ontario patients are out of province 

services, which would not be recorded in CIH~.'* 



Reabsfraction Studïes of CIHI 

Two reabstraction studies in Ontario assessed the completeness of ClHl data as compared 

to hospital medical charts. In the Ontario Hospital Association study, 3000 records were reviewed 

from 43 hospitals during 1988 and 1989.10' Demographics were mmplete in 93-100% of records, the 

most responsible diagnosis was cornplete in 81 % of records, îhe secdndary diagnosis was complete 

in 37% of records and coding of principal procedures was complete in 88-95% of records. The 

second study, conducted at Doctor's Hospital in Toronto, reviewed 300 records at the one hospital in 

1992 and found the 100% of dernographics, 96% of most responsible diagnoses, 95% of secondary 

diagnoses and 96% of procedures were acwrately recorded in CI HI.'^^ 

Comp arison Studies 

Two cornparison studies, conducted in 1995 in Ontario also found good agreement in the 

recording of obstetrical procedures and cholesystectomy. Chen et al reviewed 3357 obstetrical 

records at three hospitals, comparing the type of delivery in the ClHl record to that Iisted in a dinical 

dataset and found 95% agreement.lm lron et al comparecl the accuracy of procedure coding for 

hysterectomy or cholecystectomy in 8467 ClHl records from al1 Ontario hospitals as wmpared to the 

p hysician daims records, finding 9344% agreement between data sources.1Y 

Expert Criteria Studies 

Lastly, three expert criteria studies were conducted and found contrasting results. McLean et 

al compared the ClHl recorded diagnosis of Guillain-Barre Syndrome (GBS) in 233 patient records in 

al1 Ontario hospitals from 1983 to 1989 to expert judgment and found a poor agreement rate of 21 - 

26%.lo5 Since the diagnosis of GBS lacks explicit objective diagnostic criteria. it is more likely to have 

less accurate coding than other more objective diagnoses, such as, myocardial infarction or diabetes. 

Coding for A cure Myocardial Infarction 

Specifically addressing the accuracy of coding for acute m yocardial infarction, van Walraven 

et al reviewed 209 consecutive records at one hospital in 1987-88 and compared the coding for 

diagnosis of acute myocardial infarction to Worid Health Organization criteria.lm This study found an 

acceptable but clearty not exceptional agreement rate of 80%. with the disagreements resulting from 

false-positive coding of acute myocardial infarction. The patients with filse-positive diagnoses of 

acute myocardial infarction most likely still had CHD, presenting as unstable angina rather than 



progressing to a completed infarction. RecenUy, a pilot project has been initiated in an attempt to 

improve the coding of acute myocardial infarcüon in hospital discharge absûacts in ~ n t a r i o . ' ~ ~  This 

pilot study, conducted ten years after the van Wairaven study, found Chat the baseline rate of fatse- 

positive coding for the most responsible diagnosis of acute MI in 943 records at 15 Ontario hospitals 

was only 11 -6%. It appears that the rate of false-positive coding for acute MI as most responsible 

diagnosis has decreased significantly over the last ten years in Ontario to a more acceptable rate. 

The ClHl database has been used successfully in other administrative database studies with 

the Ontario post MI population, as well as in defining patterns of coronary artery bypass graft and 

endaretectomy procedures-~-106110 In the process of çanstructing the OMlD database, the accuracy 

of the AMI coding was assessed by sending each hospital in Ontario a list of the AMI patients that 

would be included in the analysis for the years 1994f95 to 1996f97 so that they could verify the 

accuracy of the coding for their patients. Most hospitals reported false positive rates less than 5% 

and there did not appear to be any systematic variation in reported acairacy auoss hospi ta l~.~ 

Those patients identied by the hospitals as false positive diagnoses of AMI were retained in the 

dataset used for this study. 

While the most responsible diagnosis is coded quite accurately, secondary diagnoses are 

known to be much less accurate, ranging from 37% to 95% for different reabstraction studies. 100.101.1 11 

In sumrnary, the demographic data and the coding of the diagnosis of acute MI as most 

responsible diagnosis in the ClHl database are acceptably reliable to be used in this study. 

3.2.5 The Ontario Drua Benefit Proaram Database - Descri~tion 

The Ontario Dmg Benefit Program (ODB), a pragram of the Ontario Ministry of Health, 

provides drug benefits for defined groups, the largest of which is older (65 years and older) residents 

of Ontario. The Ontario Ministry of Health is linked by a cornputer network with the providers of its 

prescription drug benefits in Ontario, primarily community-based pharmacists, To be reimbursed for 

the prescription, the phannacy must submit a daim to 006. The ODB program is responsible for 

maintaining a prescription claims database, with ciaims data accessible on a monthly basis for 

analysis. A standard procedure manual is provided to pharmacies with the network setup and on-line 



computer generated enor messages improve the accuracy of the data subrnitted for mandatory fields 

and reduces the num ber of resubmissions or duplicate submissions. 

The patient, prescriber, pharmacy and prescription drug variables submitted in an ODB daim 

are listed in Table 2. Whiie not al1 daim fields are mandatory, the primary fields of interest for this 

study are mandatory- The patient variable of interest is the Ontario Health Insurance Number. The 

drug variable of interest is the Drug Identification Number (DIN), which identifies the specific drug 

product (drug, strength and dosage form) which was dispensed. The prescriber fields are a 

classification of prescriber and prescriber license number, both of which are rnandatory fields. 

However, there is a 'generic* prescriber identification number which can be used in place of a 'realw 

license number in special circumstances, such as, a medical resident in a teaching hospital who has 

prescribing pnvileges but does not have a Iicense number for the area yet, or a new prescriber who 

has not been entered into the ODB prescriber file yet, While this field is reagnized as a problem, 

!CES researchers have estirnated that this field is inaccurate only 5% of the tirne? 



Table 2: Ontario Drug Benefit (ODB) Variables 

Patient 

patient first and last name' 
Ontario Health Card Number' 
age and birth date 
sex (mandatory only for intervention')' 
address 

Prescriber 

ciassification of prescriber' 
prescriber Iicense number (cm ovemide with 'generic* ID number)' 

pharrnacy identification number' 
classification of pharrnacy 
phamacist identification number (mandatory for intervention' codes)' 

Prescri~tion Drug 

transaction date' 
prescription number' 
phamacologic-therapeutic classification groups (PCG) 
drug identification number (DIN)' 
generic name 
strength 
quantity dispensed' 
treatment duration (days supplied)' 
drug cost' 
markup (cost upcharge)' 
professional fee' 
for limited use products - reason for use' 
ADR fom for no substitution product* 

' mandatory fields 
' an intervention occurs m e n  the pharmacist must evaluate a patient-related discrepancy (e-g.. 

duplicate medication, drug interaction) which appears on the OOB network white pracessing a 
prescription 

ADR = adverse drug reaction; ID = identification number 



tipid Lowering Agents 

Lipid lowering agents are cunently classified as antilipemic drugs and categorized under one 

Pharmacologic-therapeutic Classification Group (PCG)- During the study period, the same LLA were 

consistently listed, with only dextrothyroxine being delisted in 1995 and fluvastatin being listed in 

1995. As dextrothyroxine and fluvastatin usage is minimai, these changes should not have a 

noticeable impact on the analysis. All other products were provided as a benefit prior to as well as 

after the publication of 4s. See Table 3 for a sumrnary of al1 products listed on ODB dunng the study 

penod and Table 4 for dates of availability of sbtins on the Canadian market and availability on the 

ODB Fonnulary. 



Table 3: Lipid Lowering Agents 
Listed Alphabetically in ODB under Antitipemic Agents up to March 1997 

- - -  

Generic Drug Name Brand ~ . m e s @  

Bezafibrate Bezalip 

Cholestyrarnine Resin Questran 
Novo-C holamine Light 
PMS-Cholestyramine 
Syn-C holestyramine 

Colestipol HCI Colestid Regular, Orange 

Fenofibrate Lip idil 
Apo-Fenofibrate 
Nu-Fenofibrate 
Lipidil Micro 

Fluvastatin* Lescol 

Gemfibrozil Lopid 
Gemfi brozil 
Apo-Gemfibrozil 

Lovastatinœ Mevacor 

Pravastatin Sodium' Pravachol 

Simvastatin' Zocor 

' statins 



- - -- - -  

Table 4: Availability of Staüns in Canada and on Ontario Dmg Bandit Fonnulary 

Agent Agent Approved for Sale Listed on 
(Generic Name) (Brand Nama) by HP6 ODB Forrnulary 

Lovastatin Mevacor June 1988 January 1989 
Simvastatin Zocor September 1990 April 4992 
Pravastatin Pravachol August 1990 April1992 
Fluvastatin Lescal Oecernber 1993 January 1995 
Generic lovastatin Apo-lovastath March 1997 August 1997 
HPB: Health Protection Branch; ODB: Ontario Drug Benefit 



The variables used in the construction of the OMID, in ternis of the prescription dnig part of 

the claim include: transaction date, prescription number, and the dnig identification number (DIN), al1 

of which are mandatory fields. Each drug product that was assesseci has a unique DIN. A 

computerized file converts the unique DIN in the ODB database to the genenc drug name, the 

manufacturer, and the strength of the product- 

3.2.7 The Ontario Orua Bonefit Ptoanm Database - Validity 

No formal studies of cornpleteness of the 006 database have been conducteci. However, 

ICES researchers have observed very IittIe missing information, with almost all demographic fields 

completed. Mandatory fields will likely be more accurate than those not required for daim submission 

and this will be noted during analysis. Information from other Canadian prescription daims databases 

from 1983 to 1991 have estirnated that 96-1 00% of information in prescription daims databases is 

cornplete.'" 

Tamblyn evaluated the accuracy and comprehensiveness of the prescription daims database 

in Quebec in 1990."~ Values in key fields, such as, patient identifiers, dmg. quantity. date dispensed 

and duration were missing in only 0-0.4Oh of records. Accuracy of data were investigated by 

examining prescriptions filled by 3û6 patients 65 years and older from an intemal medicine clinic. Of 

723 prescriptions. 83% were filled by the patient and correctly identified the patient and drug. This 

study suggests that the Quebec prescription daims database is an accurate method of determining 

whether drugs have been dispensed to patients. However, some patients who get prescriptions 

written do not proceed to have them filled. 

Kozyrskyj evaluated the accuracy of the prescription daims database in Manitoba in 1995 

and found it to be a reliable source for studying prescription use among Manitoba residents since 

92% of 8,012 Pharmacare prescriptions matched the original prescription on the drug narne, quantity 

and days' supply.113 



3.2.8 Limitations of Databases 

While large administrative databases provide population-based sampling and large sample 

sires, they do also have limitations. The lack of detailed clinical information, induding important 

clinical risk factors and functional status of patients sometimes result in difficulty with details in 

interpretation of results of analyses. In addition, data may be coded incom pletely or inaccuratel y, 

especially connorbidity, complications and chronic conditions. However, individuals do not need to 

be contacted, which eliminates participation problems and recall bias. 99.1 14.1 15 The limitations of the 

two main databases have k e n  noted above and need to be considered in interpreting the 

subsequent analyses. 



3.3 Selection Criteria 

Definition of Population 

There were sixty monthly cohorts of patients used for the analysis durÎng the study time 

frame, thirty-two prior to the publication of 4S (Apnl 1992 to November 1994, inclusive) and twenty- 

eight after the publication of 4s (December 1994 to March 1997. inclusive), A monthly cohort 

consists of al1 eligible patients for each month of the study period with inclusions and exclusions as 

outlined below. Patients were included into the study if they were 65 years of age or older. 

discharged alive frorn an acute care hospital with a most resporrsible diagnosis of acute myocardial 

infarction (code 41 0 in the ICD-9). Patienl were induded regardless of whether they were previously 

dispensed a LLA in order to detemine the total proporüon of patients dispensed a LLA and a statin 

for each period and to assess changes in type of LLA dispensed during each timeframe. Patients 

were excluded if they were likely misclassified as having an acute myocardial infarction for the 

following reasons: a secondary AMI as a complication. admission to a non-acute care institution, 

invalid country codes, invalid Ontario Health Card Number. discharged alive after a stay of less than 4 

days, an eligible admission within the previous year, admission to certain non-cardiac surgical 

services, and transfer from another acute care facility. In order to reduce duplicate cases, patients 

transferred from one hospital to another for the treatment of the AMI event were counted as one 

episode of care by not counting the transfer as a discharge and only counting the AM1 discharge from 

the receiving hospital as a case. 

Due to the time needed for proper assessment of Iipid levels and trial of diet therapy post-Ml 

and due to the limitation of the time ftame for analysis after the publication of 4s. this study only 

analyzed LLA use for six months post AMI. A six month period should be sufficient time for 

assessment and prescription of a LU4 in this population, In fact, most patients should have an 

assessrnent for a LLA during the first three months post-AMI. In summary, the patients in each 

monthly cohort were assessed for a six month period after their diagnosis of acute myocardial 

infarction to determine their use of LLA and statins as detemined by a filled prescription for a LLA in 

the ODB database. 



3.4.1 Calculation of Rates 

Denomina for 

The denominators to calculate rates of prescription of LLA and statins were the total number 

of patients eligible to be dispensed a LLA or statin in each cohort. That is, those patients who met the 

inclusion criteria and did not have any of the exdusion criteria as descn'bed in the previous section on 

the definition of the population. During the six-month follow-up of each subject, patients may die or 

move out of the province of Ontario. No adjustrnents in the denominator were made for those 

patients who died during the time period of interest- No specific adjustment was made for migration 

out of province since the rates for migration are low for older people."6 

Numerator 

The OMlD (ODB) database was used to determine the use of L M  and specifically. statins. 

for each individual dunng the six-month period post-AMI. One main numerator was calculated, 

consisting of the number of individuals dispensed any statin in each cohort during the six-month 

follow-up period. Patients were considered to have been dispensed a statin if a prescription for a 

statin was dispensed one or more times for that individual during the follow-up period- 

For each individual statin (as listed by generic name in Table 3), the rate of use was 

calculated as outlined above, with the numerator as the total nurnber of individuals dispensed the 

specific statin one or more times and the denominator as the total eligible cohort per time frame. 

Monthly cohort rates of overall statin use, and individual statin use were plotted against time. 

Rates of use for specific subgroups as outlined below were also plotted. The graphs were examined 

to detect patterns of change in the rates of use of satins overall, of individual drugs, or in specific 

subgroups. Graphs with substantial changes were subsequently investigated further with regression 

analysis to determine statistical significance in rates of use. 



3.4.3 Assessrnent for Variation in Use of LLA 

Patient characteristics 

Patients were grouped into ten-year age categories. Rates of use were calculated for those 

patients 65-74 years of age and for those 75 years of age and above, to describe the prescribing 

patterns in different age groups and to determine whether the rates differ frorn the overalt cohort rate. 

The 4s study enrolled patients up to 70 years of age and patients were followed for an average of 5 

years. The ten-year age categories assisteci in assessing whether there are differential prescribing 

patterns according to the patient age characteristics in the 4s study. For descriptive purposes only, 

patients were grouped into five-year age categories (65-69 years, 70-74 years, 75-79 years and 80 

years and above) to determine how the rates of statin use different in smaller age groupings. Rates 

were also calculated for males and females to assess gender differences in prescribing of LLA. 

Stroke and diabetes mellitus were investigated as comorbidities which may influence the 

prescribing of statins. Comorbidities were identified by the ICO-9 code for secondary diagnoses fram 

ClHl during the index AMI admission, witt~ ICD-9 code (250.0 to 250.3 and 250.7) indicating diabetes 

mellitus and !CD-9 code (430.0 to 438.9) indicating cerebrovascular disease. Patients were 

categorized as either having diabetes or not having diabetes and either having stroke or not having 

stroke. 

Prescr-iber characteristics 

Using the most responsible physician service code data element from the ClHl DAD, 

physicians were grouped into practice specialty, specialist (internist [code 1 O], cardiologist [code 12)) 

or non-specialist (family practitioner (code 011, other physicians [all remaining codes]). The most 

responsible physician for a hospital admission is defined as 'the attending physician most responsible 

for the Gare of the patient andlor for the longest length of stay" according to the ClHl Abstracting 

Manual. The group rates of statin prescription and patient characteristics were compared according 

to two groups: those patients who were admitted to hospital for their index AMI with a specialist as 

the most responsible physician, and those who were admitted to hospital for their index AMI with a 

non-specialist as their most responsible physician. From this point, the most responsible physician 

s e ~ i c e  will be identrfied as the 'admitting physician", representing the physician most responsible 

during the patient's admission to hospital. 



Using the teaching hospital identifier as listed in CIHI, patients were classified as to whether 

they were admitted to a teaching or non-teaching hospital, and the group rates of statin prescription 

and patient characteristics were campared- 

Dwg characteristiizs 

Each dnig was individually identified, regardless of the dosage dispensed. Comparisons 

were made for individual statin use six months post MI, as well as for some of the subgroup analyses. 

The distribution of baseline clinical characteristics were compared by using a t-test for 

continuous, normally distributed variables. the Wilcoxon rank sum test for non-norrnally distributed 

continuous variables and a chi-square test for câtegorical variables. The main analysis compared the 

primary endpoint of statin use at 6 months post MI before and after the publication of 4s by means of 

Iinear regression, Secondary analyses included the use of individual statins at 6 months post MI, 

focusing on simvastatin and pravastatin, which were the medications studied in the landmark dinical 

trials. Additional analyses investigated subgroup effects based on patient and prescn'ber 

characteristics.' " 

A regression model was developed from the database with the use of any statin at 6 months 

post MI as the outcome variable. 

Regression Mode1 

Use = a + f3,DDCAT + ~zPOST4S + f3WOSTQS + V + E 

Three time variables were established as independent variables to model the timerelated 

effects: 

DDCAT = rnonthly intervals (Le., 1, 2. 3, ..., 60) throughout the entire time frame from Aprïl 1992 until 

March 1997 which were used to model the linear trend both before and after 4s; 

POST 4S = the monthly intervals (1. 2. 3, ..., 28) after publication of the 4s study starting in 

December 1994 and continuing until March 1997 wtiich were used to model the Iinear trend only after 

4s; and 



APOST 4S = a yes/no variable indicating the tirne period either before or after the publication of the 

4s study with the change point at Decernber 1994. 

The meaning of the other terms in the equation are as follows: 

a = inherent rate of use of statins at start of period 

Pt = underlying rate of change in statin use frorn the start of the period in percent per month 

P2 = change in the rate of statin use after 4s (Le., continuing increase over and above the underlying 

rate of change prior to 4s) in percent per month 

p3 = change in intercept (one time inaease before or after 4s) in percent use 

V- vector of other covariates (e.g., age, sex) 

E = errer terni 

Table 5 incfudes the specific d i n g  used for the covariates in the models- 

The APOST4S time variable was created in order ta ensure that the model did not 

overestimate the dope (rate) of change in the post 4s period. The post 4s rate captures both the 

linear rate of use as well as the one tirne increase in use. Without the APOST4S variable. a large 

one time increase in the rate of use of statins at the time of the publication of 4s would result in a 

more substantial rate of change for the entire period post 4s than is actually occumng. Therefore, mis 

rnodel was constnicted with the APOST4S variable ta result in more conservative estimates of 

coefficients and significance during the post 4s period, 



Table 5: Coding of Variables for Use in Regression Models 

Variable Coding 
ddcat continuous (Le-,1,2,3 ,---) 
post4s continuaus ( i ,  1 3 starting at 11/1994 
apost4s pre 4s = O post 4s = 1 
mean age continuous 
age (2 levels) 65-74 y = 1 >=75 y = O; 
age (4 levels) 65-69y=O 7&74y=1 75-79 y = 2 >=a0 y = 3 
sex Male = 1 Female = O 
teaching hospital teach = 1 nonteach = O 
physician specialty 

(4 levels) family = 1 intemist = 2 cardiologist = 3 other = O 
(2 levels) specialist = 1 nonspecialist = O 

diabetes diabetes = 1 no diabetes = O 
stroke stroke = 1 no stroke = O 
previous use (90 d) use = 1 nonuse = O 



Ali variables were entered into the model simulbneously without the use of stepwise or 

conditional procedures- Al models were evaluated for appropriate fit using several statistical 

methods: graphical analysis of residuals. graphical analysis of independent and dependent variables. 

collinearity diagnostics. Cook's distance for detection of outliers, the hat statistic for detection of 

potential influence, the Durbin-Watson statistic for autocorrelation, and the p-value for significance of 

both individual covariates and for the overall model."7-'19 

Cook's distance is a measure of influence of an obsewation- It measures the extent to which 

the regression coefficients change when the particular observation in question is deleted. A critical 

value for Cook's distance is calculated based on the desired level of significance, the number of 

observations and the number of independent variables in the model. These large values of Cook's 

distance indicate a large influence of a particular observation. A value beyond this critical value 

warrants investigation of the observation to ensure the observation value is accurate. In some cases. 

particularly for prediction models, it may be desired to delete specific influential observations. 

Another regression diagnostic is the hat statistic, also known as leverage. Whereas Cook's 

distance measures the actual inf uence of an observation, the hat statistic measures the potential 

influence of an observation or its extremeness in the range of X-values. In statistical terrns. the hat 

statistic is calculated by rneasuring the distance of an observation from the set of X-variable rneans. 

As with Cook's distance, a critical value for this statistic can also be calculated based on the desired 

level of significance, the number of observations and the nurnber of independent variables in the 

model. A value beyond this critical value warrants investigation of the observation to ensure the 

observation value is accurate. 

In any tirne-related regression rnodel, it is necessary to test for the presence of 

autocorrelation over time. The presence of autocorrelation of enors (residuals) causes dïffïculty in the 

estimation of error variance, and, as a result, in tests of hypotheses and confidence interval 

estimation. The existence of positively correlated errors in an ordinary least squares regression 

model can result in an estimate of variance which is a substantial underestimate, which would infiate 

the t-statistics on coefficients and decrease the width of confidence intervals on coefficients. 

Detection of autocorrelation can be assessed though the use of diagnostic plots of residuals or 

through forma1 statistical tests. The best known test for autocorrelation is the Durbin-Watson (d) test 



statistic, which tests for first-order positive autocorrelation, It explores the validity of the assumption 

of independence of residuals (no autocorrelation) in the regression rnodel. This statistic tests the nuIl 

hypothesis that there is no autoconelation of the residuals over time. Critical values of the upper and 

lower bounds of the d-statistic are calculated based on the sample sire of observations, the desired 

level of significance and the number of independent variables in the model, If the d-statistic is below 

the critical value, autoconelation is present. above the critical value, autocorrelation is absent, and 

between the upper and lower boundaries, the test is inconclusive. 

By convention, al1 p-values were two-taileâ, and were considered significant at the 0.05 level, 

without correction for multiple comparisons. For a model with ttrree independent variables, a Durbin- 

Watson statistic (d) of >1,67 is indicative of no autocarrelation of residuals, 1 . 4 2 ~ d 4  -67 is 

inconclusive and a d-statistic of 4.42 suggests the presence of autoconelation. For a madel with six 

independent variables, a d-statistic of M.77 is indicative of no autocorrelation of residuals. 

1.34<d<1.77 is inconclusive and a d-statistic of c l  -34 suggests the presence of autoconefation- The 

maximum critical value for Cook's distance for three and six independent variable models are 0.330 

and 0.308, respectively. The maximum critical value for the hat diagnostic for three and six 

independent variable models are 0.268 and 0.352, respe~tively."~ 

Subsequent models were developed separately for pravastatin and simvastatin usage at 6 

months post MI since the graphical analysis suggested significant changes with these agents over the 

period of interest. 

To investigate the effect of both time variables after the publication of the 4s study, bath 

independent variables were analyzed together for effect. To determine whether there was any 

difference in previous non-users of statins and al1 subjects in the cohort, the model was constmcted 

using only those subjects not using statins before. Regression coefficients and parameters were 

estimated and compareci with the base model. 

To determine whether there was any difference in the madel outcome refated to the changes 

in age and gender distribution of the cohort over time, another model adjusting for age and gender 

was developed. Regression coefficients and parameters were estimated and cornpareâ with the 

base model. 



Models using interacüon ternis were constructed for subgroups of age, gender, diabetes, 

stroke, prior use, hospital status, and physician specialty with the same independent variables as in 

the base model. The purpose of the interaction models was to allow estimates of differences in the 

effects of different subgroups (e-g., to compare the rate of use of statins both before and after 45 in 

males as compared to females). Determining separate estimates for subgroups allowed for 

assessrnent of non-parallel effects over time. both before and after 4s. 

Interaction Regmssion Model (e.g. SEX) 

Use = a + plDDCAT + &POSTJS + P m S T J S  + SEX + P4DDCAFSU( + prPOST4SSEX + 

f 3 ~ 0 S T Q S ' S U (  + € 

SU( = interaction terni; 

DDCAT'SEX = interacüon between sex and the monthly intervals (rate change estimates) throughout 

the entire time frame; 

POST4S*SEX = interaction between sex and the monthly intervals beginning in December 1994; and 

APOST4S'SEX = interaction between sex and the yesho variable before and after 4s with the 

change point at December 1994. 

pq = additional rate of change for one sex group vs the other from the start of the period 

P5 = additional rate of change for one sex group vs the other starting after 4s 

Pb = additional change in the intercept for one sex group vs the other 

Statistical analyses were perforrned using SAS version 6.1 2 software. 



Chaptmr 4 

Resulk 

me objectives of this chapter are to: 

1. Present the baseline characten3tics of patknts in the adminktrative database; 

2. Describe levels of statin use at 6 months p s t  MI for al1 stafins overall and for each indMual dmg; 

3, Describe rates of statin use at 6 months p s t  MI h r  al1 Matins overall and for each indiv#ual dmg; 

4. Compare the use of statins in the entire cohort vs those patients who have not used statins in the 

90 days prior to the index AMI adrnissbn; 

5. Present compan'sons of staün use af 6 rnonths post Ml for subgroups of age, sex, comorbidities, 

teaching hospital status, and physician specialty overall and for each indiWual statin; 

6. Describe any interacfions present for each of the above subgroups; 

4.1 Baseline Characteristics 

The study sample consisted of 42,628 patients who were 65 years of age or older and 

experienced a myocardial infarction as the primary reason for hospital admission between April 1, 

1992 and March 31, 1997. For baseline characteristics of the subjects by par, age category, gender, 

presence of diabetes or stroke, prior use of statins within 90 days prior to the index AMI, physician 

type, and hospitai type, refer to Tables 6-13. 



Table 6: Acute Myocardial Infarction (AMI) Cohort Patient Characteristics - by Year 

Sample Size 8041 8395 8349 8618 9225 42628 

mean age (years)' 
age 2 75 y (%)" 
sex (% male) 

diabetes (%)" 
stroke (%) 

teaching hospitals (%)' 28.57 27.89 28.41 28.1 9 29.93 28.62 
adrnitted by specialist (%)" 66.43 67.33 69.31 68.59 70.27 68.44 

Prior Statin Use-90 d (%)" 3.26 4.04 4.42 6.58 8.60 5.47 
~ ~ 0 . 0 5 ,  * pc0.001 for trend throughout years 



Table 7: Characteristics of Patients in CohoR by Age Category 

Sarnple Size 21965 20663 

sex (% male)" 62.80 47.98 
length of stay (days)" 9.46 1 1.03 
diabetes (%)" 21 -73 18.43 
stroke (%)" 3.78 5.34 
teaching hospital (%)" 27.29 30.03 
admitted by specialist (%)" 72.1 1 64.54 
prior statin use in 90 days (%)" 7.44 3.36 

Statin Use at I Week 
Any Statin" 
Fluvastatin* 
Lovastatin" 
Pravastatin" 
Sirnvastatin" 

Statin Use at 6 Months 
Any Statin" 
Fluvastatin*' 
Lovastatin*" 
Pravastatin*" 
Simvastatin" 

Statin Use at 1 Year 
Any Statin" 
Fluvastatin" 
Lovastatinr* 
Pravastatin" 
Simvastatin" 



Table 8: Characteristics of Patients in Cohort by Gender 

Male Famale 

Sample Size 

mean age (years)" 
age 2 75 y (%)" 
length of stay (days)" 
diabetes (%)" 
stroke (%) 
teaching hospital (%) 
admitted by specialist (%)" 
prior statin use 90 days (%) 

Statin Use at 1 Week 
Any Statin 
Fluvastatin 
Lovastatin* 
Pravastatin 
Simvastatin 

Statin Use at 6 Months 
Any Sbtin 
Fluvastatin 
Lovastatin* 
Pravastatin 
Simvastatin' 

Statin Use at 1 Year 
Any Statin 
Fluvastatin 
Lovastatin* 
Pravastatin 
Simvastatin* 



Table 9: Characteristics of Patients in Cohort by Prosence of Dirbutes 

Sample Size 

sex (% male)" 
mean age (yearç)" 
age 2 75 y (%)" 
length of stay (days)" 
stroke (%)" 
teaching hospital (%) 
admitted by speciaiist (%) 
prior statin use 90 days (%)" 

Statin Use at 1 Week 
Any Statin* 
Fluvastatin 
Lovastatin 
Pravastatin 
Simvastatin* 

Statin Use at 6 Months 
Any Statin 
Fluvastatin 
Lovastatin 
Pravastatin 
Simvastatin 

Statin Use at 1 Year 
Any Statin* 
Fluvastatin 
Lovastatin 
Pravastatin* 
Simvastatin* 



Table 10: Characteristics of Patients in Cohort by Presence of Stroks 

Sample Size 

sex (% male) 
mean age (years)" 
age 2 75 y (%)" 
length of stay (days)" 
diabetes (%)** 
teaching hospital (%)" 
prior statin use 90 days (%)* 
admitted by specialist (%)" 

Statin Use at 1 Week 
Any Statin 
Fluvastatin 
Lovastatin 
Pravastatin 
Simvastatin 

Statin Use at 6 Months 
Any Statin* 
Fluvastatin 
Lovastatin 
Pravastatin 
Simvastatin" 

Statin Use at 1 Year 
Any Statin" 
Fluvastatin 
Lovastatin 
Pravastatin* 
Simvastatin" 



Table 11 : Characteristics of Patients in Cohort by f rior Statin Use within 90 days of Index AMI 

Prior Use No Prior Use 

Sample Size 

sex (% male) 
mean age (years)" 
age r 75 y (%)" 
length of stay (days)" 
dia betes (%)* 
stroke (%)* 
teaching hospital (%)' 
admitted by specialist (%)" 

Statin Use at 1 Week 
Any Statin" 
Fluvastatin" 
Lovastatinu 
PravastatW* 
Simvastatin" 

Statin Use at 6 Months 
Any Statin" 
Fluvastatin" 
Lovastatin" 
Pravastatin" 
Simvastatin" 

Statin Use at 1 Year 
Any Statin" 
Fluvastatin" 
Lovastatin" 
Pravastatin" 
Simvastatin" 



Table 12: Characteristics of Patients in Cohort by Phydcian Specialty 

Sample Size 13454 291 74 

sex (% male)" 
mean age (years)" 
age 1 75 y (%)" 
length of stay (days)" 
diabetes (%) 
stroke (%)" 
teaching hospital (%)" 
pn'or statin use 90 days (%)" 

Statin Use at 1 Week 
Any Statin" 2.1 6 4.37 
Fluvastatin 0.10 0.1 4 
Lovastatin" 0-88 2.08 
Pravastatin'* 0.54 1 .O7 
Simvastatin" 0.64 1 .O9 

Statin Use at 6 Months 
Any Statin*' 9.64 14.91 
Fluvastatin 0.43 0.56 
Lovastatin*" 3.49 5.60 
Pravastatin" 2-97 4.39 
Simvastatin" 3-08 4.87 

Statin Use at 1 Year 
Any Statin" 12.26 18.56 
Fluvastatin* 0.59 0.80 
Lovastatin" 4.1 3 6.43 
Pravastatin*' 3.87 5.80 
Simvastatin*' 4.39 6.72 



Table 13: Characteristics of Patients in Cohort by Hospital's Teaching Status 

Non-Teaching Teaching 

Sampie Size 

sex (% male) 
mean age (years)" 
age 2 75 y (%)" 
tength of Stay (days)" 
Prior Statin Use 90 days (%)' 

Diabetes (%) 
Stroke (%)" 
Admitted by Specialist (%)* 

Statin Use at 1 Week 
Any Statin" 
Fluvastatin 
Lovastatinn' 
Pravastatin" 
Simvastatin 

Statin Use at 6 Months 
Any Statin' 
Fluvastatin" 
Lovastatin*" 
Pravastatin 
Simvastatin' 

Statin Use at 1 Year 
Any Statin 
Fluvastatin" 
Lovastatin" 
Pravastatin 
Simvastatin 



4.1.1 Patient C haracteristics Bv Year 

Table 6 displays the patient characteristics by year. Over the five year period, substantial changes 

include a higher proportion of patients admitted by specialists (intemists or cardiologists) (p<0.001), 

and more prior use of statins (p<0.001). 

4.1.2 Patient Characteristics Bv Aae Cateaory 

Table 7 displays the average patient characteristics by age category (65-74 yeats and >=75 years) 

over the peflod of 1992/93 to 1996197. Older patients were more often female, had longer lengths of 

stay, used statins previously less often, and had less diabetes, but more strokes as compared to the 

younger group (p<O.OOl for ail)- A consistent trend was found in ternis of level of statin use at each 

time period post MI. At one week, six months and one year. the younger group of patients were 

dispensed any statin and each individual statin more often than the older group of patients ( ~ ~ 0 . 0 5  for 

fluvastatin use at 1 week; pc0.001 for rest). 

4.1.3 Patient Characteristics Bv Gender Cateaory 

Table 8 displays the average patient characterîstics by gender (male or female) over the period 

1992193 to 1996/97. Male patients were younger, had less diabetes, and were more often admitted 

to hospital under the care of a specialist physician (pc0.001)- AIthough di#ferences in prescribing 

between males and females was not as consistent as with the different age groups, some differences 

in the level of use can be noted. Lovastatin use appeared to be marginally higher in females at one 

week, six months and one year post MI (p<0.05). However, the level of simvastatin use was greater 

in males at six months and one year post MI (pc0.05). 

4.1 -4 Patient Characteristics Bv Presence of Comorbiditv - Diabetes 

Table 9 displays the average patient characteristics in patients with and without diabetes over the 

period 1992/93 to 1996197. Note that 20% of the entire cohort were diabetic patients. Patients with 

diabetes were more likely female, were younger, had a higher rate of stroke and were more likely to 

have been receiving a statin in the 90 days prior to their index MI (p<0.001). At one week, patients 

with diabetes were dispensed any statin and simvastatin slightly more often than those without 



diabetes (pc0.05). However, at one year the pattern changes, such that patients with diabetes were 

dispensed less statins, and specifically, less pravastatin and simvastatin than patients without 

dia betes (pcO.05). 

4.1 -5 Patient Characteristics Bv Presence of Comorbiditv - Stmke 

Table 10 displays the average patient characteristics in patients with and without stroke over the 

period 1992/93 to 1996197. Note that only 4.5% of the entire cohort was identified as having had a 

stroke as a concomitant condition. Patients with stfoke were older, more Iikely had diabetes, more 

iikely admitted to a teaching hospital, but less likely admitted by a specialist physician (p<0.001). In 

addition. patients with stroke were slightly more Iikely to have had statin use within 90 days prior to 

their index MI (~~0.05).  Despite higher previous statin use. the patterns of use post MI in stroke 

patients changed. At six months post MI, stroke patients were less likely to be dispensed any statin 

(p<0.05) and specifically, fess simvastatin (p<0.001). tikewise, at one year post MI, stroke patients 

were Iess Iikely to be dispensed any statin (pcO.001 ), pravastatin (pc0.05), and simvastatin 

(p<O.OOl). 

4.1.6 Patient Characteristics Sv Previous Statin Use 

Table 11 displays the average patient characteristics in patients with and without statin use in the 90 

days prior to thsir index MI. Note that only 5.5% of the entire cohort had prior statin use during the 

indicated time period. Prior statin users were younger (p<0.001), more likely had diabetes (p<0.001), 

more Iikely had stroke (pc0.05). were more likely admitted to a teaching hospital ( ~ ~ 0 . 0 5 )  and were 

more Iikely admitted by specialist physicians (p<0.001). In ternis of statin use, at one week. six 

months and one year post Mf and for alf statins, as well as each individual statin, patients with pflor 

statin use had much greater subsequent levels of statin use at each time frame post MI (p<0.001). 

4.1 -7 Patient Characteristics Bv Physician Tvm 

Table 1 2 displays the average patient characteristics by physician type over the period 1 WZ92 to 

1996197, Significant changes were apparent between groups in al1 areas except for the use of 

fluvastatin and the proportion of patients witti diabetes (p<0.001). Subjects treated by specialists 



were younger, more frequently treated at teaching hospitals, had fewer strokes, had more prior statin 

use, greater level of use of any statin, and specifically lovastatin, pravastatin and simvastatin. at 1 

week, 6 months and 1 year post MI (pc0.001). 

4.1.8 Patient Characteristics Bv Hoi~itaî T m  

Table 13 displays the average patient characteristics by hospital type over the period 1992193 to 

1996197. Patients admitted to teaching hospitals were older (pc0.001), had a greater proportion of 

strokes (p<0.001), were more likely admitted by a specialist physician (p<0.001), and had slightiy 

greater prior use of statins (pe0.05). Early post MI, patients admitted to teaching hospitals were more 

likely dispensed statins; at one week (p<O.OOl) and at six months (p<0.05), however, at one year post 

MI, differences did not reach statistical significance for overall statin use. At both six months and one 

year, patients who had been admitted to teaching hospitals were less dispensed fluvastatin as 

compared to non-teaching hospital patients (p<0.001), In conbast, patients admitted to teaching 

hospitals were more frequently dispensed iovastatin and pravastatin at one week (pcO-001). 

Iovastatin (pc0.001) and simvastatin (pe0.05) at six months. and lovastatin at one year (pc0.001). 

4.1.9 Patient Characteristics Bv Time Period Post-MI 

Tables 14 to 17 display the proportion of patients using statins by year at 1 week, 3 months, 6 months 

and 1 year post MI for each of the individual statins as well as for overall statin use. Over the five 

year time frame, the level of statin use increased significantiy for each time period post-Ml, for overall 

statin use and for each individual statin (p<0.001). Substantial jumps in the level of statin use was 

apparent between 1994195 and 1995/96, the period in which the 4s study was published. The only 

different trend in drug use was for lovastatin. At three months, six months and one year post MI, the 

utilization levels of lovastatin appeared to peak in 1995/96 and declined thereafter (respectively. 

p<0.001, p<O.OOl, p<0.01). 



Table 14: Statin Use at 1 Wwk Post MI 

Sample Size 8041 8395 8349 861 8 9225 42628 

Any Statin* 
Fluvastatin' 
Lovastatin' 
Pravastatin* 
Simvastatin' 0.09 0.1 8 0.41 1 -46 2.41 0.95 
' p<0.001 as tested for trend across years 

Table 15: Statin Use at 34onths Post MI 

1992/93 1993194 1994195 1995196 1996/97 Total 

Sample Size 8041 8395 8349 861 8 9225 42628 

Any Statin* 4.1 9 5.12 6.88 13.63 19.72 10.17 
Fluvastatin' O O 0.1 8 0.65 0.86 0.35 
Lovastatin* 3.33 3.62 3.78 4.98 4.64 4.09 
Pravastatin' 0.53 0.79 1 -41 3.48 7.37 2.83 
Simvastatin' 0.37 -8 1 -58 4.82 7.37 3.1 1 
" p<0.001 as tested for trend across years 



Table 16: Statin Use at 64onths Post MI 

Sample Size 8041 8395 8349 8618 9225 42628 

Any Statin* 
Fluvastatin* 
Lovastatin* 
Pravastatin* 
Simvastatin* 0.65 1 -29 2.54 6.68 9.60 4.30 
* p<0.001 as tested for trend across years 

Table 17: Sbtin Use at 1 -Year Post MI 

1992l93 1993194 1 9W95 1 995196 1 996197 Total 

Sample Size 8041 8395 8349 861 8 9225 42628 

Any Statin*. 
F luvastatin" 
Lovastatin* 
Pravastatin" 
Simvastatin" 1.24 1 -83 4.46 9 .O4 12.42 5.98 

p ~0.01,  " p<0.001 as tested for trend across years 



4.1 -1 0 NonStatin Aaents bv Year 

Table 18 displays the patterns of use of non-statin lipid lowenng agents over the fïve year 

time period. The total proportion of users of the non-statin agents rernains quite lower over the period 

of interest, and utilization even at one year post MI never exceed 4%. Afthough statistically significant 

changes were found, indicating an overall increase in the utilization of these agents over time, they 

constitute a very small proportion of lipid lowering dnig use in cornpanson to the statins- The 

absolute change in the proportion of users of the non-statin agents over the time period of interest is 

also quite low in cornparison to those changes seen with the sbtins- If there was a decrease over 

time in the use of the non-statin agents. with a potentiat shift fiom use of these agents to the statins. it 

would be of interest to include this category of drugs in the overall analysis. However, since their use 

also increased, their patterns of use are unlikely to assist in explaining the increased use of statins 

over this same time penod. Therefore, due to the consistentiy low prevalence of use of the non-statin 

agents and the minimal changes fiom year to year, this study will focus on the use of statins as a 

class and as individual agents, and will exclude the non-statins fmn further analyses. 



Table 18: Use of NonStatin Lipid Lowen'ng Agents at 3-Months & 1-Year Post MI 

1992/93 1993194 1994195 1 995196 1 996197 Total 

Sample Size 8041 8395 8349 861 8 9225 42628 

Use at 3-Months' 1 -23 1 A l  1 -83 1 -54 2.30 1 -68 
Use at 1 -Year' 2.54 2.42 2.99 3.28 3.90 3.05 
* p<O.OOl as tested for trend across years 



4.2 Analysis of Statin U s 8  

4.2.1 Overall Use of Statins 

As show in Figure 1, the overall rate of change in the use of statins and that of simvastatin 

and pravastatin appears to have increased substantially following the publication of the 4s study. As 

shown, both lovastatin and fluvastatin use appear relatively flat over the time frame. After being listed 

on the ODB formulary in late 1995, fluvastatin utilization began increasing during the second half of 

the time period of interest for this study. Its utilization even after it's ODB listing was minimal and 

never exceeds 5%. Therefore. it was not considered separately in further individual analyses of statin 

use. Since lovastatin utilization remained quite consistent over the five years, it was also not 

considered separately in all the individual statin analyses- 

4.2.1.1 Base Regremion Madel 

As reflected in the graph in Figure 1, and as summarized in Table 19, the base regression 

model found a signifiant relationship with the overall rate of increase in statin use and the monthly 

time periods both before (ddcat) and after (post4s) the 4s  study (p<0.0001), while showing a trend 

towards significance for the difference between the pre and post 4s period (apost4s) (p=0.0684). 

The larger coefficient with the post4s variable indicates a greater nse in the rate of statin use in the 

second phase of monthly periods. The lack of statistical significance with the apost4s p e n d  variable 

indicates a lack of ujump" in the rates between the two periods. The data fit the mode1 well as 

indicated by the large R' value of 0.9679. The Durûin-Watson statistic (d) of 1.899 indicates a lack of 

autocorrelation of residuals with the base model. 

4.2.1.2 lndividual Statin Models 

Tables 20 to 22 summarize the results of the three subsequent models with individual statins, 

lovastatin, provastatin, and simvastatin. While both the simvastatin and the pravastatin models 

demonstrated significance with each of the three time variables, the lovastatin model did not. 

Additionally, the R' value for the lovastatin mode1 of 0.2744 indicates the time variables explain the 

variability in the data quite poorly. The negative 6-coefficient for the lovastatin post4s variable 



indicates that rather than an incfease in the use of lovastatin after 4s. there was a trend in the rate of 

utiiiration in the opposite direction, although not statistically significantiy- (Table 20) 

For pravastatin. the large R~ value indicates a good fit of the data Co the model. (Table 21) 

Both pre (p=0.0003) and post 4s (p=0.0001), the model indicates that there was a significant 

increase in the rate of utilimtion of pravastatin. explaining the trends seen in Figure 1. However, the 

apost4s variable. although significant, indicates a decrease in the rate of utilization of pravastatin, 

When examining the patterns of pravastatin use in Figure 1. there appears to be an initial decrease in 

its use just after the publication of 4S in November 1994, prior to subsequent increases in its rate of 

use, which may explain the negative coefficient estimate. 

For simvastatin. the large R~ value also indicates a good fit of the data to this model. As 

shown in Table 22, al1 three time variables were found to be statistically significant, with positive 

parameter estimates, indicating a significant increase in the rate of use of sirnvastatin. Since the 

post4s variable represents a rate change above that seen pre 4s (ddcat variaMe), this indicates a 

significant increase ifi the rate of change post 4s for simvastatin. These results are consistent with 

the patterns of use seen in Figure 1. 





Table 19: Base Model - OveniIl Sbtin Use 6 Months Post MI 

Variable B-coefficient(S.E.) Significance 
ddcat 0-1 44 (0,027) 0.0001 
post4s 0.508 (0,043) 0.0001 
apost4s 1.368 (0.736) 0.0684 
For model: F=562.41, p=0.0001, ~'=0.9679, d=1.889 

Table 20: Regression Model - Lovastatin Use 6 Months Post MI 

Variable B-coefficient(S.E.) Significance 
ddcat 0.032 (0.342) 0.0836 
post4s -0.049 (0.028) 0.091 2 
apost4s 0.778 (0.491 ) 0.1 187 
For model: F=7.061, p=0.04. RL=0.2744, d=2.209 

Table 21 : Regression Modet - Pravastatin Use 6 Months Post MI 

Variable B-coefficient(S.E.) Significance 
ddcat 0.051 (0.01 3) 0.0003 

apost4s -1 .O51 (0.358) 0.0048 
For model: F=500.98, p=0.0001, ~'=0.9641, d=2.047 

Table 22: Regression Model - Simvastatin Use 6 Months Post MI 

Variable B-coefficient(S.E.) Significance 
ddcat 0 .O63 (O .O 1 7) 0.0005 
post4s 0.234 (0.027) 0.0001 
apost4s 0.993 (0.465) 0.0372 
For model: F=3l6.46, p=0.0001, RL=0.9443, d=1.507 



4.2.1.3 Age and Sex Miustments 

In order to determine whether there would be any significant impact to the models (overall 

statins, pravastatin and simvastatin) based on changes in the ratio of males:females and the average 

age in the cohorts over the five-year time pen'od, further models were constnrcted. Tables 23 to 25 

summarize the results of age and sex adjusted models for overall statin use and for individual use of 

both pravastatin and simvastatin. Table 26 compares the initial models with the sex and age adjusted 

models. As illustrated, there was Iiffle difierence between the initial and the adjusted models both in 

terms of parameter estimates and significance of the time-dependent variables in the models. 

Therefore, further analyses proceeded without age and sex adjustrnents. 



Age and Sex Proportion Adjusted Regnssion Models 

Table 23: Age and Sex Adjusted Model - Overall Strtin Use 6 Months Post MI 

Variable  coefficient(^.€.) Signifieance 
ddcat 0,146 (0.027) 0.0001 
post4s 0.521 (0.042) 0.0001 
apost4s 1 -426 (0.724) 0.0542 
age 4.924 (O -64 1 ) 0.1 551 
sex 0.1 15 (0-107) 0.2885 
For model: F=353.38, p=0.0001. ~'=0.9703. d=1.895 

Table 24: Age and Sex Adjusted Model - Pravaitatin Use 6 Months Post MI 

Variable B-coefficient(S.E.1 Sianifimnce 
ddcat 0.050 (0.014) 0.0005 
post4s 0.335 (0.021 ) 0.0001 
apost4s -1 .O58 (0.364) 0.0053 
age 0.195 (0.322) 0.5476 
sex -0.01 7 (0.054) 0.7574 
For model: F = 293.33, p= 0.0001, ~'=0.9645, d=2.054 

Table 25: Age and Sex Mjusted Model- Simvastatin Use 6 Months Post Ml 

Variable 6-coefficient(S.E.) Significance 
ddcat 0.064 (0.01 8) 0.0006 
P O S ~ ~ S  0.239 (0.027 j 0.0001 
apost4s 1 .O1 2 (0.470) 0.0359 
age -0.374 (0.41 6) 0.3722 
sex 0.039 (0.069) 0.5776 
For model: F= 188.64. p=0.0001. ~'=0.9458. d4.522 



Table 26: 
Cornparison of Basic Model with the Age and Sex Proportion Adjustd Model 

Coefficient Estimates 

Adjusted Pravastatin 0.050 0.335 -1.058 0.1 95 0.9645 2.054 
Basic Pravastatin 0.051 0.338 -1.051 na na 1 0.9641 2.047 

Outcome ddcat post4s apost4s age sex 
Adjusted Al1 Statins O. 146 0.521 1 -426 -0.924 0.1 15 
Basic Al1 Statins 0.144 0.508 1.368 na na 

R~ d 
0.9703 1.895 
0.9679 1.889 

Significance of Variables 

Adjusted Simvastatin 0.064 0.239 1 .O12 -0.374 0.039 
Basic Sirnvastatin 0.063 0.234 0.993 na na 

Outcome ddcat post4s apost4s age sex 
Adjusted All Statins 0.0001 0.0001 0.0542 0.1 551 0.2885 

0.9459 1,522 
0.9443 1.507 

Basic Al Statins 0.0001 0.0001 0.0684 na na 

Adjusted Pravastatin 0.0005 0.0009 0.0053 0.5476 0.7574 
Basic Pravastatin 0. 0003 0.0001 0.0048 na na 

Adjusted Simvastatin 0.0006 0.000i 0.0359 0.3722 0.5776 
Basic Sirnvastatin 0.0005 0.0001 0.0372 na na 
na = not appiicable 



4.2.1.4 New Users vs Proviour Users 

As illustrated in Figure 2. the patterns of use of al1 statins and each individual statin in 

patients who had not previously used a statin within 90 days of ttieir index MI minors the pattern of al1 

users, with the 'neuf users sirnply having a slightly lower rate of use. In order to explore whether 

prior users of statins had different patterns of use than the entire cohort, several analyses were 

conducted. Regression models were constructed using only those patients who had not previously 

used statins in the 90 days prior to ttieir index MI, and the results in ternis of coefficients. significance 

of variables, R~ values and d-staüstics were very similar- Table 27 compares the results from the 

initial models and the nonuser rnodels. Based on the similar results with either cohort, further 

analyses proceeded with ail subjects in the cohort to take advantage of the larger sampfe size. 





Table 27: 

Comparison of Those without Previous Statin Use in Past 90 Days vs All Subjects 

Coefficient Estimates 
Outcorne* ddcat post4s apost4s R2 

Nonusers Ail Statins 0,110 0.450 0.970 0-96 1 3 
Al1 Users All Statins 0.144 0.508 1.368 0.9679 

Nonusers Pravastatin 0.033 0-275 -0.618 0.9525 
Ali Users Pravastatin 0.051 0.338 -1 .O51 0.9641 

Nonusers Simvastatin 0.052 0.196 0.87 0 0,9094 
Ail Users Sirnvastatin 0.063 0234 0.993 0-9443 

Nonusers Lovastatin 0.026 -0.01 1 -0.01 O 0.231 8 
All Users Lovastatin 0.032 -0.049 0.778 O -2744 

Sig nificance of Variables 
Outcorne* ddcat post4s apost4s 

Nonusers Ail Statins 0.000 1 0.0001 0.1 559 
All Users Ail Statins 0.0001 0.0001 0.0684 

Nonusers Pravastatin 0.0093 0.0001 0.068 1 
Ail Users Pravastatin 0.0003 0.0001 0.0048 

Nonusers Simvastatin 0.0069 0.0001 0.09 1 9 
Ail Users Simvastatin 0.0005 0.0001 0.0372 

Nonusers Lovastatin 0.0496 0.5864 0.9772 
All Users Lovastatin 0.0836 0.091 2 0.1 187 
*use of statin at 6 months post MI 



4.2.2 Subarouo Analmis 

4.2.2.1 Age: 

Whether comparing age groups in 10-year (Figures 3-5) or 5-year (Figures 6-8) age 

categories, the graphs for each of these groups shows an increase in the rate of statin use in both the 

younger and older patients following 4s. However, a sharper increase in the rate of use following the 

publication of the 4s study was s h o w  in younger patients as compared to older patients. Use of 

statins in patients greater than 80 years old barely increases until a slight shift is seen in early 1997, 

(Figures 6-8) 

For overail statin use, a model was constructed using the two age levels, showing that a 

difference existed in the rate of statin use both prior to (p=0.0152, B= -0-1 29) as well as more 

substantialiy after the publication of 4s  (p=0.0004, p= -0.301) in older as compared to younger 

patients. (Table 28) There was also a trend towards significance (p=0.0658) for a one time increase 

difference based on age as can be seen in Figure 3. 

Figure 4 illustrates a much larger difference in the use of pravastatin by age category in the 

second part of the study period- For pravastatin use, a model was also constructed using the two age 

levels, showing that the difference in the rate of utilization based on age indeed appeared only after 

the publication of 4s (p=0.0001, P= 4.235). (Table 28) 

Figure 5 illustrates an increase in the rate of use of simvastatin in both the younger and older 

category of patients. A regression mode1 was constructed using the two age levels, which showed 

that white there was a difference in the use between age groups prior to 4s  (p=0.0016, p= -0.104), 

and a significant one tirne increase in its use after November 1994 (p=0.0374, f3= -1.832), no 

significant difference in simvastatin utilization existed between the age groups in the post 4s period. 

(Table 28) 

Figures 6-8 display the smaller 5-year age categories and are included for descriptive 

purposes only. 

















4.2.2.2 Gender: 

Figures 9-1 1 illustrate the patterns of utilization for al1 statins, prétvastatin and simvastatin- In 

each of the three graphs, there appears to be a slightly sharper incline in the dope for the male 

patients as compared to females in these three groups, particulariy in late 1996 and early 1997- A 

regression model for overall rate of increase in statin use, as show in Table 29. confims that in fact 

there is a small but statistically significant greater rate of use in males as campared to females only 

post 4s (p=0.0065, p= 0.234), without a significantly different one time increase in usage based on 

gender. Similady, a regression mode1 cortstructed for differential pravastatin usage based on gender 

also confirms a statistically significant increase in the rate of usage only post 4S (p=0.0020, j3= 

0 -1 3 1 ). In contrast, the regression model constructed for differential simvastatin usage based on 

gender does not find a significant difference in the rate of utilization at any point in time. (see Table 

29) 

As illustrated in Figure 9, there is less variability in the mean estimates used in the model 

dunng the pre-4s period. Since the variance for the model is calcuiated using variance from both 

periods, this may cause the variance to be falsely low for the post4S interaction variable, falsely 

elevating the statistical significance of that terrn in the model. Two additional models were 

constructed to obtain a more conservative estimate of the gender interaction for the overall statin use- 

In the first model, in which only the post4S values and variance were used. there was a smaller, yet 

still statistically significant higher rate of increase in statin use in males as cornpared to females after 

the publication of 4s (p=0.0302, /3=0.177). In the second model, in which the January 1997 outlier 

value for males was exctuded, there was a consistent, smaller, yet still statistically significant higher 

rate of increase in statin use in males as compare to females after the publication of 4s (p=0.0158, 

P=0.206). These three analyses demonstrate that there was a srnall, yet consistently higher rate of 

increase in overall statin use in males as campared to females post4S. 









Table 29: Interaction Regression Models: Results for Gender 

lnteraction Effects: 

Regression Coefficients (SE) Significance (P-values) 

DDCAT'GENDER POST4S*GENDER APOST4S'GENDER DDCAT'GENDER POST4S*GENDER APOST4S'GENDER 
----- --- 

AJl statins -0.057 (0.053) 0,234 (0,084) 0,306 (1.452) 0.2874 0.0065 0.8336 

Pravastatin -0.012 (0.026) 0,131 (0,041) -0,689 (0.710) 0.6507 0.0020 0,3343 

Simvastatin 0,004 (0,031 ) 0.01 5 (0.048) 0.701 (0.834) 0.8907 0,751 3 0,402 1 

Note: Male = 1 in mode1 

Main Effects: 

Regression Coefficients (SE) Significance (P-values) 

DDCAT POST4S APOST4S DDCAT POST4S APOST4S 
---- 

Ali statins 0.1 78 (0,038) 0.376 (0.060) 1.175 (1,027) 0.0001 0.0001 0,2549 

Pravastatin 0,058 (0,018) 0.265 (0,029) -0.682 (0.502) 0.0023 0.0001 0.1 773 

Simvastatin 0,061 (0,022) 0.225 (0.034) 0.605 (0.589) 0.0058 0.0001 0,3065 



4.2.2.3 Diabetes 

As shown in Figures 12-14. no dear patterns of differences in the rates of statin usage 

appear in patients with diabetes as compared to those without diabetes- The graphs illustrate that, 

peniaps, the rate of use of simvasbtin increases over time at a greater rate in patients without 

diabetes, which is contrary to the usage patterns expected. It woutd be anticipated that since patients 

with diabetes are at greater risk of coronary events, use would be hig her in this subgroup, father than 

lower. As shown in Table 30. when regression models were constructed assessing differential rates 

of use of any statin, pravastatin, or simvasbtin, as related to the presence or absence of diabetes. no 

significant differences were found for any time period. Since patients with diabetes are at greater risk 

of CHD events, incfuding mortality, the low rates of utilization found may be due to the higher 

mortality rate of patients with diabetes in our population. Adjustments for deaths were not made 

when estimating the rates of use, therefore, in a subgroup with a high mortality rate. the rates of 

utilization of statins would be underestimated since the denominator would be larger than the actual 

number of patients alive in the cohort. 
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Table 30: Interaction Regression Models: Results for Diabetes 

Interaction Effects: 

Regression Coefficients (SE) Significance (P-values) 

DDCAT'DIABETES POST4S'DIABETES APOST4S'DIABETES DDCATDIABETES POST4S*DIABETES APOST4S'DIABETES 
--- 7 

All statins 0.009 (0,062) -0.092 (0,098) -0.087 (1.685) 0.8795 0.3489 0.9589 

Pravastatin 0.018 (0,029) -0,053 (0,046) 0.068 (0.789) 0,5347 0,2465 0,931 8 

Simvastatin -0.01 6 (0.034) -0.090 (0,054) 0.938 (0.933) 0.6480 0.0997 0.3168 

Note: diabetes = 1 in model. 

Main Effects: 

Regression Coefficients (SE) Significance (9-values) 

DDCAT POST4S APOST4S DDCAT POST4S APOST4S 

All statins 0.143 (0.044) 0.529 (0.069) 1,351 ( I . tg l )  0.0015 0.0001 0.2592 

Pravastatin 0.046 (0.021 ) 0.350 (0.032) -1.050 (0,558) 0,0278 0.0001 0,0622 

Simvastatin 0,066 (0.024) 0,255 (0.038) 0,761 (0.659) 0.0073 0,0001 0,251 1 



4.2.2.4 Stroke 

As shown in Figures 15-1 7, no dear patterns of changes in the rates of statin usage appear 

in patients with and without strokes. Only about 5% of the total population had had a stroke, resulting 

in a high degree of variability in the monthly estimates and possibly masking any difference between 

groups. As show in Table 31, when regression models were constructeci assessing differential rates 

of use of any statin, pravastatin, or simvastatin, as related to the presence or absence of stroke, no 

difference were found for any time period. 









Table 31: Interaction Regression Models: Results for Stroke 

Interaction Effects: 

Regression Coefficients (SE) Significance (P-values) 

DDCAT'STROKE POST4SWROKE APOST4S*STROKE DDCAT*STROKE POST4S'STROKE APOST4S'STROKE 

All statins -0.068 (O. 1 09) -0.063 (0,172) 0,012 (2.958) 0.5345 0.71 50 0,9966 

Pravastatin -0.064 (0.051) 0.072 (0.080) 0,656 (1,387) 0,2089 0,3750 0,6373 

Simvastatin -0,042 (0.060) 0.01 6 (0.094) -0.763 (1,619) 0.4820 0,8656 0,6384 

Note: stroke = 1 in model, 

Main Effects; 

Regression Coefficients (SE) Significance (P-values) 

DDCAT POSTAS APOST4S DDCAT POST4S APOST4S 

All statins 0.147 (0.077) 0.509 (0,122) 1 A l  5 (2.092) 0,0583 0,0001 0.5001 

Pravastatin 0,052 (0,036) 0,336 (0.057) -1,060 (0,891) 0.1 503 0.0001 0.2820 

Simvastatin 0.065 (0.042) 0.235 (0.066) 1 .O1 0 (1.1 45) 0.1266 0.0006 0.3797 



4.2.2.5 Phvsician Smciaftll 

Figures 18-20 illustrate that patients admitted to hospital under the primary care of a non- 

specialist are less often dispensed statins, specifically pravastatin and simvastatin, as compared to 

those admitted under the care of a specialist (cardiologist or internist). As shown in Table 32, a 

regression mode! constructed to assess for differential rates of utiiization based on physician 

specialty found that overall rate of increases in statin use was significantly greater in specialists as 

compared to non-speciatists during the post 4s period.(p=0.0001, B= 0.307) Prior to 4S, there were 

no differences in rates of increase in utilitation and there was also no signifiint one time increase 

after the publication of 4s. The regression models for pravastatin and simvastatin also found that 

only after 4s was there a signifiant difference in rates of increase in drug utilimtion (p=û.0001, P= 

0.1 69, p=0.0010, p= 0.1 59 re~pe~ve ly ) .  

Since patients admitted by specialist physicians were generally younger and more likely male 

(Table 12). it is possible that the specialist effect we found was actually due to increased statin 

utitization in the younger, male patients more likely treated by these physicians. Regression models 

were constructed to assess the specialist effect separatefy in four patient groups: males, fernales, 

patients 65-74 years otd, and patients 2 75 years old. In each of these four groups, patients admitted 

to hospital by specialists had a statistically significant greater rate of increase in statin use post4S 

than those patients admitted by non-specialist physicians- The results of these models confirms an 

independent effect of physician specialty which cannot be attributed to gender or age differences of 

patients admitted by specialist physicians. 
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Figures 21-23 do not portray any significant difference in utifimtion patterns of any statin, 

pravastatin or simvastatin over the time periods of interest. As shown in Table 33. no patterns of 

difference in rates of use were found between patients admitted to teaching as compared to non- 

teachi~g hospitals for overali rates of increase in statin use when assessed using a regression model. 

The regression models constnicted for pravasbtin and simvastatin also found no difference at any 

point in time for patients admitted to teaching as compared to non-teaching hospitals- 

In order to investigage potential reasons for the difference observed between specialist and 

non-specialist physicians and the lack of difference observed between teaching and non-teaching 

hospitals, further subgroup analyses were conducted. Figure 24 illustrates the much higher rates of 

increase in statin use for patients admitted by specialists as compared to non-speciafists for those 

patients solely admitted to non-teaching institutions (p=0.0002. P=û,607 for specialists) which is 

consistent with the results for the entire cohort (p=0.0001, P=0,599 for specia1ists)- As shown in 

Figure 25, regardless of whether patients were admitted to teaching hospitals or non-teaching 

hospitals, those admitted by specialists had similar rates of increase in statin use (p=0.8821, B=0.593 

for teaching vs 0.607 for non-teaching hospitals). Since the majonty of patients are admitted to both 

teaching and non-teaching hospitals by specialists, and the rates of increase in statin use is similar 

for specialists regardless of institution type. a teaching hospital effect is not found. 









Table 33: Interaction Regression Models: Results for Hospital Status 

Interaction Effects: 

Regression Coefficients (SE) Significance (P-values) 

DDCAT'HOSPITAL POST4S'HOSPITAt APOST4S'HOSPITAL DDCAT'HOSPITAL POST4S'HOSPITAL APOST4S'HOSPITAL 
--- - 

All statins -0.01 9 (0.058) -0.01 5 (0.091) -0,493 (1,571) 0.7472 0.8706 0.7543 

Pravastatin 0.003 (0.033) -0.009 (0,052) -1,031 (0.899) 0,9359 0,8620 0.2540 

Simvastatin -0,021 (0.037) 0.01 5 (0.058) 0.577 (1,002) 0,5706 0,8013 0.5657 

Note: Teaching hospital = 1 in modei. 

Main Effects: 

Regremion Coefficients (SE) Significance (9-values) 

DDCAT POST4S APOST4S DDCAT POST4S APOST4S 

Ail statins 0.149 (0.041) 0.51 1 (0.064) 1.468 (1.1 1 F - 6 0 -  0.0001 0.1893 

Pravastatin 0.050 (0.023) 0.340 (0.037) -0.828 (0.636) 0.0349 0.0001 0,1956 

Slmvastatin 0.068 (0.026) 0.231 (0,041) 0,854 (0,708) 0.0102 0.0001 0.2303 







me objectives of this chapter are to: 

1. Discuss the main findings fiam the analysis; 

2- Discuss secondary findings; 

3. List the major limitations of this study; 

4. State the clinical implications of this study; 

5. Outline dilections for fvture work. 

5.1 Main Outtomes 

5.1.1 General Summary 

With respect to the first study objective, the level of utilization of statins in post MI patients 

increased over the period from 1992/93 to 1996197 as shown in Tables 14 to 17. The levels of non- 

statin lipid lowering agents also increased as shown in Table 18. Regardless of the time frame post 

MI assessed, there is a progressive increase in the level of statin, simvastatin and pravastatin use. In 

contrast, the level of use of lovastatin three months, six months and one year post MI decreases over 

time after peaking in 1995196. 

The second study objective was to compare the rates of increase in the utilization of statins 

pre and post the publication of 4s. The regression model showed that there was already a significant 

increase in the rate of statin use prior to the study publication, and a further significant increase in the 

overall rate of statin use after 4s. (Table 19) Prior to 4S, the rate of increase in statin use was 

0.144% per month, which increased 3.6-fold to 0.508% per rnonth post-4S. 60th simvastatin and 

pravastatin also show significant increases in the rates of use prior to as well as after the publication 

of 4s. (Table 21 and 22) Post-4S, there was a 6.6-fold increase in the rate of pravastatin use and a 

3.7-fold increase in the rate of simvastatin use as compared to pre4S. It was expected that there 

would be a significant rate of increase in the use of simvastatin after the study publication. 

Interestingly, the rate of use of both simvastatin and pravastatin increased post 4s. even though 

simvastatin was the drug used in the 4s study. It is possible that marketing of simvastatin 

immediately post-4S however, did play a significant role in a temporary decline in the rates of use of 
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pravastatin since we found a signifiant drop in pravastatin use from the pre-4S to the post4S period 

for the entire cohort (Figure 1, Table 21 ) as well as in each of the subgroups studied. 

In contrast. the rate of lovastatin use showed trends towards increasing prior to 4s. and 

trends towards decreasing rates of use post 4s- (Table 20) The reduction in lovastatin use was Iikely 

multifactorial. While lovastatin was the first statin available on the market and the first one to be listed 

on the ODB Formulary, at the time of this study no clinical trial evidence existed for lovastatin related 

to clinical outcomes- 60th simvastatin and pravastatin were listed on ODB starting in ApriI 1992, with 

subsequent clinical trial evidence to support their use- As well, the impending genericization of 

lovastatin which was approved in March 1997 resulted in an active marketing campaign by the 

pharmaceutical industry to switch patients from lovastatin to simvastatin (Merck Frosst makes both 

simvastatin and lovastatin). As noted previously, fluvastatin was listed part of the way through the 

study period of interest and its use consistently remained minimal. As anticipated. there were 

minimal changes from one Iipid lowering drug to another. rather, there was an overall increase in the 

rate of use of statins overall, as a result of an increased rate of use of simvastatin and pravastatin. 

The 3.6-fold increase in the rate of use of al1 statins represented a significant increase in 

market site which was anticipated. As illustrated in Tables 14-1 7 and Figure 1, this increase was 

primarily due to the increase in rates of use of both simvastatin and pravastatin. These two agents 

started comprîsing the majority of the market share of the statins during the post4S period, 

particularly during the final year of the analysis. This increase in market share of pravastatin and 

simvastatin was also anticipated given the supportive clinical trial evidence for these particular statins 

during the time frame analyzed- 

Although there were minor changes in the age of the cohort and the gender distribution over 

the study period, these changes in the population had no effect on the regression results. Therefore, 

the models used were not age and sex adjusted over time. (Tables 23-26) In addition, when 

examining only previous nonusers of statins, it was found that they had the same patterns of increase 

in the rate of use of statins overall and for simvastatin and pravastatin over the same time period. 

Since there were no substantial dflerences between the base regression model and a model with this 

subgroup, the entire cohort was used for al1 analyses. (Table 27) 



5.1 -2 Subaroum Analvsis 

The third objective was to identify factors associated with variations in the rates of increase in 

the utilization of statins- Tables 7 to 13 illustrate the level of statin use, and specifically simvastatin 

and pravastatin use in certain patient subgroups, In Table 7, the level of statin use of 19.05% at 6 

months post MI in the younger patients (65-74 years) is 2-7 times higher than the leveI of 7.09% for 

the older patients in the cohort Similarly, the level of simvastatin use was 2.8 times higher and 

pravastatin use was 3.1 times higher in the younger patients in the cohort. Male patients only had 

slighffy increased levels of simvastatin use at six months and one year- (Table 8) In patients without 

diabetes, the levet of statin and simvastatin use was 1-1 -fold higher at one year post MI with similar 

trends seen at six months post MI, although at one week patients with diabetes had slightly higher 

levels of use. (Table 9) In Table 10. the level of statin and simvastatin use was 1.2 times and 1.6 

tirnes higher, respectively in those patients without stroke as compared to patients with stroke. In 

terms of physician characteristics, Table 12 shows that the level of statin, pravastatin and simvastatin 

use is approximately 1.5 times greater for patients admitted by specialists as compared to non- 

specialists. Finally, patients admitted to teaching hospitals had a marginally higher level of statin use 

of 1.1 times that of patients admitted to non-teaching hospitals. 

When these subgroup differences were investigated futther using regression techniques 

several specific interactions over time were found with these subgroups, Table 34 summarizes the 

findings of the subgroup analyses. The strongest and most consistent effect was found with age, 

both prior to the publication of the 4s study as well as after its publication. Specifically, prior to 4s. 

the rate of increase in overall statin use of 0.205% per month in those patients 74 years old or less 

was 2.7-fold greater than the rate of increase of 0.076% per month in those patients 75 years and 

older. The rate of increase in simvastatin use was 14-fold higher. After 4S, the overall rate of 

increase in statin use was only 1 -8-fold higher in the younger part of the cohort (0.676%/month vs 

0.375%/month) and the rate of increase in pravastatin use was 2-9 times higher in the younger age 

group. In general, these results were as expected since it has been well documented that older 

patients receive differential care as compared to their younger c~unterparts.'""'"~~ When 

examining the graphs of the 5-year age groups an obvious gradient effect with age is seen in terms of 

prescribing rates, with increased use illustratecl for al1 groups with the exception of those 80 years of 



age and older. Certainly this is expected since the very eldedy (those >80 years old) are often not 

enrolled in clinical trials and limited evidence exists on their benefits from proven therapies. Likewise, 

the 4s study only enrolled patients up to age 70 years old, such that after an average of fwe to six 

years of follow-up, the eldest patients in the study were only 75 to 76 years old. Since the publication 

of the 4s trial. two other secondary prevention trials have been published, CARE and The Long-term 

Intervention with Pravastatin in lschemic Disease (LIPID) study.7" Both CARE and LlPlD enrolled 

patients up to 75 years old and followed them for an average of five to six years duration. Both 

studies found reduced event rates with pravastatin in the patients older than 60 years of age, 

alttiough in LIPID, the difference was not statistically significant in the smaller cohort of patients older 

than 70 years of age. So even at this time, the evidence of iipid lowering in the very old (>80 years of 

age) is limited. Therefore, we still can't recommend therapy for very old patients (>80 years of age) 

based on evidence, but, instead must clinically assess how the patient compares to a typical80 year 

old and whether the results of the 4s and other lipid lowering triais are generaiizable to the very otd 

population. 



Table 34: Summary of Results 

C haracteristic Effect 6efore 4s Effect After 4S 
Age (65-74 vs 275 years) 

Rate of Overall Stath Use a greater in those s 75 years greater in those s 75 years 

Rate of  Pravastatin Use none greater in those r 75 years 

Rate of Simvastath Use a greater in those 5 75 years ncme 
Gender (male vs female) 

Rate of Overall Statin Use none greater in males 

Rate of Pravastatin Use none greater in males 

Rate of Simvastatin Use none none 
Diabetes (yes or no) 

Rate of Overail Statin Use none none 

Rate of Pravastatin Use none none 

Rate of Simvastatin Use none none 
Stroke (yes or no) 

Rate of Overall Statin Use none none 

Rate of Pravastatin Use none none 

Rate of Simvastatin Use a none none 
Physician Specialty 
(generalist vs specialist) 

none greater in specialists 
Rate of Overall Statin Use 

a none 
Rate of Pravastatin Use 

none 

greater in specialists 

a greater in specialists 
Rate of Simvastatin Use 

Teaching Hospital Status 
(teaching vs non-teaching) 

none none 

Rate of Overall Statin Use 
none 

Rate of Pravastatin Use 
none 

Rate of Simvastatin Use 
Note: none means that no difference in utilkation was found within the subgroup catemes 



In this study, a clear difference in the rate of uptake of statin use was found for different age 

groups- However, the rates of increase in statin use are still low overall. It is important to note that 

the study cohort was compriseci of those patients 65 pars of age and older. It is plausible that 

slightly better overall results in terms of levels and rates of increase in use of sbtins would have been 

obtained had a younger post-MI patient population been studied. 

In terms of gender, it was only after the 4s study publication that a 1 -6-fold greater rate of 

increase in overall statin use was observed. with increases of 0.6lO%/month in males and 

0-376Wmonth in females, A 1 Sfold greater rate of increase in pravastatin use was observed in 

males as cornpared to fernales. Surprisingly, no differential prescribing was found for the use of 

simvastatin during either time period. AJthough these results were not as strong as those forage, and 

were not apparent with al1 of the individual agents, likely due to loss of power, they still indicate that 

preferential prescribing occurs due to gender. Again, this has been previously demonstrated in 

numerous cardiovascular studies. 14.15.51.67.W In the 4s study, there were approximately 18% of 

females in each group. In subgroup analyses of the 4s study, it was found that the females had 

substantialiy lower rates of coronary events but did not have a statistically significant decrease in 

mortaiity with the use of simvastatin. However, the lack of statistical significance is Iikely due to a 

lack of power to show a difference in the subgroup of the 4s study. Nevertheless, dinicians may take 

the results of the subgroup analysis at face value and conclude that wornen may benefit less than 

men with this therapy. 

We also did not find a difference in prescribing rates over time with the two specific comorbid 

conditions investigated, diabetes and stroke. In the diabetes subgroup analysis, no difference in the 

rate of change ir; overall statin use, pravastatin use or simvastatin use was found either before or 

after 4s. In addition, no difference was found in the rate of change in overall statin use, pravastatin 

use or simvastatin use either before or after 4s for patients with and without stroke. Since stroke 

patients accounted for only five percent of the entire cohort, resulting in increased variability in the 

monthly estimates of sbtin use, differences would be diffïcult to detect. For stroke patients, however, 

we did not have information on their functional status, which could play a large role in detennining the 

patient's prognosis and subsequent medical therapy. Therefore, we couid not detemine those 



patients who would have benefited most from statin therapy and should have had increased rates of 

use. 

AIthough there was no time interaction found prior to the 4s publication for physician type, 

there was a signifiant consistent effect apparent after the study was published for rates of increase 

in overall statin use, for pravastatin use and for simvastatin use. In each of these groups, patients 

admitted by specialists were found to have higher rates of increase in utilkation than those admitted 

by nonspecialists. Post4S, specialists had a rate of increase in statin use of 0.599% per month as 

cornpared to non-specialists at a rate of increase of 0.292% per month, representing a 2-fold higher 

rate of increase in statin use for the specialists- A 1 -8-fold higher rate of increase in pravastatin use 

and a 2.3-fold higher rate of increase in simvasbtin use was found for patients admitted to specialists 

as compared to nonspecialists. This may suggest that specialists (cardiologists and intemists) take 

up new information from dinical trials at a greater rate and speed than non-specialists. These results 

are congruent with the previously described post MI observational studies where specialists 

prescribing was nearer to practice goals than non-specia~ists.~ The majorïty of these studies were 

conducted in the United States, where the non-specialists used for camparison were intemists who 

are primary care physicians in their health care system, similar to family physicians or general 

practitioners in the Canadian health care system. Whyte also found that patients followed by 

cardiologists were more than twice as likely to receive drug therapy for an LDL-cholesterol above the 

accepted target level than patients treated by generalists.n As stated by Schreiber, specialists. in 

particular cardiologists, must play an active and collaborative role in their hospitals and must 

influence the patterns of appropriate medical therapy.n Whether it be through the development of 

treatment guidelines, care maps, critical pathways, ongoing peer education, audits with feedback, or 

collaborative practice models with links to the community, specialists can have a great impact on 

increasing the quality of post MI therapy." 

While some of the other studies assessing prescribing differences by physician type defined 

the physician as the community physician who prescribed the patient's medication chronically and 

provided ongoing follow-up. we defined the physician type by that physician which was most 

responsible for the patient's hospital admission (the admitting physician). Quite often, particularly in 

smalfer communities without teaching hospitals. the admitting physician, whether they are the 



specialist or the non-specialist, is the same physician wtiich continues to provide ongoing post-MI 

care to the patient in the community setting after their discharge from hospital. Even i f  the admitting 

physician is different than the patient's primary care community physician, assessing the impact of 

the admitting physician is quite relevant. Particularly for the first several months pst-Ml, the 

admitting physician directs medical therapy, induding dnig therapy, through their pst-admission 

recommendations and follow-up letter to the patient's primary community-based physician and 

through their discharge letters, transfer responsibility of the patient's care to the primary Gare 

ph ysician with the assumption that their recommendations will be implemented. W hile assement of 

longer term therapy may refiect a combined effort between physicians, the initial post-admission 

period is more heavily influenced by the admitting physician's habits and practices- 

Based on reports of the range of senim cholesterol fevels in patients with CHO and the target 

cholesterol Ievel of 5.5 to 8.0 rnmolîl of patients in the 4s  study, a conservative estimate of a 

potentially desirable target rate of statin use in a post-Ml population would be approximately 50- 

60%:" Similady, two previous suiveys demonstrated that approximately 6569% of post-MI patients 

had elevated total cholesterol (>5.5 mmol/L) or elevated LDL-cholesterol p3.2 mmd/L), levels 

typically requiring therapyYa If we assume the rates of increase in statin use will continue to be 

constant over time, and a target level is chosen of 60% of al1 post MI patients receiving statin therapy 

within 6 months of their index MI, it would take until September 2000 for specialists and until 

November 2008 for non-specialists to reach this level of prescribing. In other words, specialists reach 

the "targer rates 6 years after the trial was published and non-specialists reach this level in 14 years. 

While the specialists had better rates of incorporating the 4s  study results into their prescribing 

practices, their rates were still not ideal. It has been shown in the past, by Antman. that 

discrepancies often exist between the evidence from meta-analysis of randomized clinical trials and 

#e recommendations of clinical experts.'" They note that analyzing al1 the clinical trials within a 

given field is such a difficult and specialized task that even the clinical experts in the area have 

dificulty keeping up and summarizing the evidence in a timely fashion. They cal1 for better statistical 

techniques and more access for databases to assist dinicians with this t a ~ k . ' ~  Clearly, both groups 

of physicians would benefit from enhanced technology to assist with accessing the latest advances in 

therapy. 



It was surprising to discover that no difference in prescribing patterns were seen between 

patients admitted to teaching as compared to non-teaching hospitals. Previous work has indicated 

that patients treated in teaching hospitals have higher rates of evidence-based prescribing than those 

admitted to non-teaching centers, '""" The caDe of cholesteroi therapy may be somewhat unique. 

Aithough a patient is admitted to a particular institution and may be initiated on acute therapies 

related to their acute infarction. cholesterol is often seen as a chronic therapy and the responsibility 

for its management often falls between the cracks. During the period of this study, it may not have 

been standard practice to check semm cholesterol levels for al1 patients within the recommended 24 

hours post MI.'' In this situation, proper testing is not possible dunng the hospital admission, Then it 

is up to the family physician to proceed with further testing, with or without instructions from the 

admitting physician from the hospital as to how to proceed. This lack of communication and 

responsibility for this therapy may account for some of the lower than expected rates illustrated with 

this study, and may also help exptain the lack of difTerence in prescribing patterns between teaching 

and non-teaching centers. 

As shown in Figure 25, examination of only those patients admitted to non-teaching 

institutions, substantial differences exist between those patients cared for by specialist as compared 

to non-specialist physicians as was demonstrated for the entire cohort, As illustrated in Figure 24, 

patients admitted by specialist physicians, regardless of the hospital type, have similar rates of 

increase in the use of statins. Since most patients at either type of institution are admitted by 

specialist physicians, and the higher rate of statin use is also demonstrated for the those patients 

admitted by specialists to non-teaching institutions, a dflerence in the rate of increase in statin use by 

teaching hospital status could not be demonstrated- The strong specialist physician effect in al1 

hospitals overshadows any difference according to hospital status. 

It was interesting to discover that there was increased use and some similarities in the 

interaction patterns with both pravastatin and simvastatin when simvastatin was the only dmg studied 

in the 4s  study. It was possible that the publication of the West of Scotiand Coronary Prevention 

Study (WOSCOPS) primary prevention trial in November 1995, had an impact on pravastatin 

prescribing such that it was more similar than dissimilar to ~imvastatin.'~ Although WOSCOPS was a 

primary prevention trial, it was reassuring for clinicians that another of the statins was shown to 



sig n ificantI y reduce coronary morbid ity and mortality. However, dinicians need to exercise caution 

when interpreting and extrapolating results from one drug to another when trial evidence for the class 

is limited. At one time, calcium channel blockers and beta-blockers with different properties were 

thought to have similar clinical outcomes- However, we now know that certain calcium channel 

blockers and specific beta-blockers with intrinsic syrnpathomimetic properties are more harrnful in 

acute MI than others within the same cl as^.'^' 

5.1 -3 Relation to Other Diffusion Research 

Several investigators have published results recently on the effects of policy changes, 

educational interventions and media effects on medication prescribing over a period of time.lPIP 

LeLorier found significant changes in hospitalizations for bronchitis and pyelonephritis associated with 

a policy decision. the listing of ciprofloxacin on the Quebec provincial formu~ary.'~ However. in 

Maclure's investigation of the influence of educational interventions and adverse news about calcium 

channel blockers on first-line prescribing of antihypertensive drugs in patients older than 65 years in 

British Columbia, he found that changes in prescribing practices occuned only gradually with the 

accumulation of small impacts f r~r ï r  boCi educational interventions and the lay media attention.'= 

Likewise. in the present study. the rates of increase in statin prescribing changed significantly, but 

gradually as physicians became more wmfortable with the evidence and possibly as more supportive 

data (CARE, WOSCOPS) was published. 

The current study confirms and expands on the findings of previous work on the influence of 

the 4s study on prescnbing of lipid lowering agents.=- Baxter's time trend analysis of changes in 

the prescribing of lipid lowering drugs in the general population of South East Thames found an 

exponential increase frorn 1990 to 1996, with great regional variation in the uptake of the change in 

practice." Lemaitre's study of a general population cohort of patients aged 65 years and older had 

also found a significant 4-fold increase over the period of June 1989 to May 1996, with an apparent 

significant undertreatment of many patients." We not only found a substantial rate of increase in 

statin use over similar time pefiods, but we uncovered differential prescribing related to both patient 

and prescriber charactenstics. It is important to note that although the levels of statin use post4S 



were not ideal, 4s represents a paradigm change in the treatrnent of hypercholesterolemia, 

particularly in older patients. 

5.2 Limitations 

There are some limitations of this study- The administrative databases used suffer from many 

of the weaknesses common to any secondary data source. The coding used by hospitals to identify 

post-AMI patients is not completely accurate and has been shown to have up to 1 1 % false-positive 

c ~ d i n ~ . ' ~ ~ * ' ~ '  However. these patients likely still have coronary artery disease, and experienced 

unstable angina as opposed to a completed AMI. Patients with coronary artery disease are also 

potential candidates for LLA and statin use. and, in fact, the 4s trial did include patients who had a 

diagnosis of angina as well as MI. In general these coding inaccuracies are unlikely to have a large 

systematic bias on the study. 

This study was Iimited to the investigation of patients pst-AMI, those at highest risk of 

subsequent coronary events and mortality, Many patients with prior AMI or other forms of CHD or 

hyperlipidemia could also be candidates for LLA therapy. However. since coding of other conditions 

such as unstable angina is less accurate Vian AMI, suitable high risk candidates for therapy in the 

cohort would be diminished or undetected. 

We did not specifically assess whether patients had contraindications to statin use, thereby, 

resulting in decreased utilization rates of these agents. Statins are generally well tolerated dmgs, and 

the relative contraindications or complications of liver dysfunction and myositis would not be easily 

detected by the administrative databases used due to lack of detailed cdinical inforrnati~n.**~ From 

practice, very few patients are ineligible for statin use. 

It is important to note that this study captures the number of prescriptions filled rather than 

the number of prescriptions wn'tten by physicians. mere will always be a certain number of 

prescriptions which are written by physicians but are not filled by patients. While this number is 

difficult to estimate, it is most probably a constant number over the three time periods, In addition, 

we don't know if patients are actually taking their medications, regardless of whether they are 

dispensed or not. 



Neither the ClHl nor the ODB database Iists the specific indications for use or nonuse of LLA, 

therefore, only descriptions of prescription use rather than reasons for use or nonuse could be 

investigated in this study. LLA, such as cholestyrarnine, are used for indications other than for 

lowering cholesterol. However, for the purposes of this study, it was assumed that al1 cholestyramine 

use is for cholesterol lowering since the relative use for the other indications is small in cornparison to 

Iipid lowering use. In addition, the overall prevalence of non-statin Iipid lowering agents was quite low 

and did not have a large impact on the changes observed over time. The prescriptions of estrogens 

for the soie purpose of lowering Iipids in women cannot be investigated since we do not have açcess 

to indications for use. 

Since the physician coding from ClHI was a more general physician service code. there may 

be some discrepancies in the assigned service as compared to the actual physician specialty. No 

validity studies of physician specialty coding in CIHf have been conducted to date to determine the 

accuracy of the coding. Several aspects of the ODE system for coding prescribers makes using this 

system to identify prescribers less than ideal. In particular. the prescriber coding was only made 

mandatory in t 994 and it allows for durnmy coding of the prescriber dunng the prescription 

dispensing process. In addition, the individual prescriber coding does not account for group practices 

where patients are often taken care of by multiple physicians. particulariy dunng times of physician 

vacation or absence from the clinic. In these situations, the prescriber coding may not reflect actual 

care of the individuat patient by a specific prescriber. Due to these limitations, we did not attempt to 

analyze the prescriber characteristic data according to the actual physicians associated with those 

lipid lowering prescriptions dispensed. Instead, we used the most responsible physician service 

code which was thought to be more accurate, and reflected the immediate post-hospitalization 

influences, to categorize physicians and analyze subsequent prescribing out to six months post-Ml. 

Since the admitting physician may in some instances have Iimited impact on prescriptions dispensed 

beyond the first few months following the index AMI, there are limitations of using this source of 

coding for the analysis of long-terni utilization trends. 

Although the regression models appeared to fit the data well based on the R' values, other 

variables could have been important in explaining the models' variance. Entry of more variables in 

the mode1 could result in overfitting of the data. We limited the number of simultaneous independent 



variables in the model to six or less since there were only 6û data points for the dependent variable. 

We used aggregate data for each monthly cohort rather than individual data from specific patients 

since multiple patients would have been treated at the same hospital or by the same physician so 

their usage was not truly independent of each other. Further work with nested or hierarchical models 

would be required to deal with this confounding. Finally, the modeb were not cross-validated, 

therefore, the stability of the coefficients and the predictive ability of the models are unkn~wn.~~""~ 

Confounders for lower rates of use than expected are important in analyzing the prescription 

rates. Since the emergence of the beneficial data of the statins in CHO, many clinical trials of LLA 

have begun. Even though a patient is 65 years or older and receiving a LLA, those who enroll in 

these L U  studies do not get their LLA prescriptions filled and recorded in the ODB database. This 

could potentially underestimate the increase in prescription of LLA or statins over the entire study 

period although the effect is Iikely quite small. 

There was a potential for a decrease in those patients 65 years and older filling any 

prescriptions after a policy change in ODB in April 1996 which instituted a $2.00 mpay  per 

prescription for seniors. The effect of this policy change was likely smalt in relation to the overall 

number of prescriptions filled in Ontario and of short term impact- The lack of impact on drug use of a 

CO-pay policy was recently demonstrated in the ~etherlands.'~' 

In ternis of other potential confounders duflng the period of study. no other trials for 

secondary prevention and no other updated cholesterol treatrnent guidelines in Canada or the United 

States were published. The Canadian Cardiovascular Society (CCS) published an updated guideline 

on the management of post-myocardial infarction patients in 1995 which merely reemphasized 

drawing and assessing cholesterol levels within the first 24 hours post-MI if possible and treating 

patients with diet or medication if the cholesterol levels were elevated.'' However, these were the 

same recommendations as in the 1991 CCS guidelines, so no new information was added based on 

new clinical trial evidence, such as the 4s study. There were certainly local continuing medical 

education events, as well as detailing and marketing of these agents dunng this time period which 

could have impacted the use of these agents. However, specific major events at six months following 

the trial's publication are not apparent. 



The publication of the 4 s  study had a major impact on practice patterns of statins in post MI 

patients in Ontario as demonstrateci by this study. However, the rates of use shown for the patients is 

far from optimal. Based on reports of the range of semm cholesterol levels in the post MI population 

and the target cholesterol level of 5.5 to 8-0 mmoUL of patienl in the 4s study, a conservative 

estimate would be that 58 to 73% of patients in our cohort should have received cholesterol reduction 

~ i e r a p ~ . ~ ~  Considenng that approximately 10% of patients will respond to dietary therapy, then 48 to 

63% of patients should have received a statin by 6 months after their MI- If we consider the NCEP 

guidelines which state that patients with CHD should be treated if their LDL is greater than 2.6 

mmol/L, the proportion of eligible patients in a typical CHD cohort who require cholesterol lowering 

treatrnent would rise to 86%. and requiring dnig therapy, 76%PE In wntrasf we found a maximum 

overall statin prescribing rate of 30% for the entire cohort, As stated eadier, assuming the current 

rates of increase in use of statins, it would take until September 2000 (6 years post4S) for specialists 

and until November 2008 (14 years post4S) for non-specialists to prescribe statins to 60% of a 

typical post-MI population. Clearly, there is room for improvement in the rate of uptake of new 

information and the subsequent changes applied to patient care. 

For as long as prescribing patterns have been found to deviate from ideal practice, the 

potential remedies for the problern have been investigateû. One of the most comprehensive reviews 

of this topic is the systematic review of 102 trials of interventions to improve professional practice by 

Oxman and colleagues in 1995.'~ While they concluded that there were no 'magic bullets" for 

improving practice behaviours, specific interventions, such as academic detaiiing, working with local 

opinion leaders, and audit and feedback strategies may be beneficial, especially when targeted to 

receptive individuals and M e n  used to complement each other. Other interventions, such as 

unsolicited mailings and forma1 continuing education conferences were found to have little influence 

on improving practice. Similady, a systematic review of translating guidelines into practice by Davis 

in 1997, found that the stronger strategies were reminder systems, academic detailing, and multiple 

interventions, whife the weakest strategies were didactic, mailing and traditional continuing medical 

education programs.12' 



lt is impossible to separate out the effects of the publication of the 4s study. the subsequent 

continuing education efforts, or the effects of marketing by the phamaceutical industry- fherefore, 

the results of this study show the effects of the combined efforts amongst many different parties to 

promote appropriate medication prescrïbing with lipid-lowering therapy in pst-MI patients- The 

impact of marketing by the pharmaceutical industry must not be unexpected or underestimated. 

Published surveys demonstrate that physicians often do rely on pharmaceutical representatives as a 

main source of their continuing medical e d ~ c a t i o n . ' ~ ' ~  Potential effects of the pharmaceutical 

industry which were demonstrated in this study inciude the continual dedine in the use of lovastatin, 

possibly due to the genencization of this preparation, as well as the transient decline in the rates of 

use of pravastatin stiortly after the publication of 4s. The medical community can most certainly play 

an influentiaI rote in working in concert with this industry to collaboratiiely prornote the appropriate 

use of evidence-based medical therapy. 

A recent study illustrates some of the practical aspects and limitations of simply publishing 

research findings, Twenty-four general practitioners were given semistnictured interviews to explore 

how they have accessed and evaluated evidence from trials on the use of statin lipid lowering agents 

and incorporated mis evidence into their practices.'" The respondents were generally aware of the 

recent trials, however. said they rarely appraised the methods and contents of the trials. but instead 

judged the tnistworthiness of the source of the trial evidence. Furthemore, they interpreted the 

evidence within the context of economic and social factors which impinge upon their practice, and 

stated that trial evidence only becomes relevant for routine practice when underpinned by a 

consensus on the issues locally. It is clear that changing practice based on innovations and new 

information is a complex and time consuming task involving many players throughout many phases of 

change. 

5.4 Future Research 

Cumulative meta-analyses with acute MI therapies have shown that the evidence often 

accumulates to a significant levef long before practice changes are made.13' In order to investigate 

the impact of the subsequent clinical trials and further supporting evidence of CAR€ and LIPID, the 

effects of these trials should be studied. Additionally, the effect of the 4s study has not been studied 



in post-Ml patients younger than 65 years of age. Companson of this younger cohort with the results 

of the current study would further define age-related prescribing effects. 

Not only does work need to be done to help physicians translate research into their clinical 

practice, but patients also need assistance with adherence to their medication regimens. Three 

studies have assessed the magnitude of noncornpliance with Iipid lowering agents in the past few 

year~.'~'~'" Andrade et al investigated how the rates of discontinuation of lipid lowering rates differed 

between clinical trials and clinical practice.'31 The authors found that the risks of discontinuation in 

practice were substantially higher than in clinical trials, However, of al1 the lipid lowering agents, the 

rates for discontinuation of lovastatin (the only statin studied) was lowest at 15% over one year. 

Simons and colleagues evaluated discontinuation rates in patients newly dispensed lipid lowering 

dmgs in 61 0 Australian adu~ts. '~~ Over the twelve months follow-up period. 60% of patients 

discontinued their rnedications, with half occuning within the first three months of therapy. Most 

recently, Avom and colleagues estimated predictars of persistence with Iipid Iowering therapy in 

patients 65 years and older in the United States (New Jersey) and Canada (~uebec).'" In both 

countries, patients failed to fil1 their lipid lowering prescriptions for about 40% of the follow-up year. 

Patients on statins had a rnuch higher rate of persistence (64.3%) as wmpared to cholestyramine 

(36.6%). Higher rates of persistence were also found in patients with diabetes, hypertension or prior 

coronary artery disease. 

Most people do not like taking drugs for 'hidden" conditions such as hypertension or 

hyperiipidemia and as noted, persistence rates for lipid lowering agents is disappointingly low. High 

discontinuation rates with lipid-lowering agents represents a significant wastage of resources in 

treatments that are started but not wntinued. Although we showed that the rates of statin use 

increased in Ontario over time in the current study, it is likely many patients discontinued their 

therapies, resulting in a lost opportunity for prevention of subsequent cardiac events and mortality. 

Patient persistence with Iipid lowering therapy is of interest since these reports suggest many 

patients continue with their therapies for very short time intervals after their initial prescription- The 

effects of prescribing patterns on mortality with appropnate adjustment for patient risk level would 

determine whether patients who received a Iipid lowering statin benefited in real practice settings as 



much as in the clinical trials, It would be particularly important to adjust for the effect of patient 

adherence to therapy as this could confound the results. 

Continued research needs to fumer explore the ways in which we can change physician 

pradice p a t t e r n s -  One unique strategy which should receive special ernphasis is em powering the 

patient to bring about changes in the care they receive from ail practitioners. Patient-initiated 

interventions have been found to result in significant changes towards appropriate use of therapies." 

Finally, the public media should not be overlooked for their role and impact on rnedication 

prescribing.".'28 



5.5 Final Condusions 

This study has demonstrateci that one, large, randomized dinical trial, the 4s study, was 

associated with a signifiant change in prescn'bing of lipid lowering agents in post MI patients aged 65 

years and older in Ontario. Differential prescribing occuned with respect to age, gender and 

physician specialty status. While rates of statin use significantly increased over the period of interest. 

additional efforts need to be put into place to sufficiently increase the prescribing rates to target 

levels. 
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