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Abstract

OBJECTIVE: The objective of this study was to assess the relationship between non-
ASA non-steroidal anti-inflammatory drug exposure and the prescription of
cardiovascular medications as well as the frequency of selected cardiovascular diseases.
STUDY DESIGN: Cross sectional and case control analyses of administrative data was
carried out for 192,866 Albertans aged 65 years and older for the year ending March 31,
1995. Medication exposure was measured in maximum daily dose equivalents (MDDE).
RESULTS: For every 30 MDDE of non ASA-NSAID use there was an additional 2.47
(95%CI 2.32 - 2.65) MDDE of diuretic prescription, the odds ratios for visiting a
physician for edema was 1.07 (95%CI 1.05 — 1.08), and hospitalization for congestive
heart failure was 1.13 (95% CI 1.06 - 1.20). CONCLUSION: Non-ASA NSAID use is
associated with increased diuretic use, increased prevalence of edema, and increased

incidence of congestive heart failure in elderly subjects.
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Introduction

Non-steroidal anti-inflammatory drugs (NSAIDs) comprise a class of medications that
have in common analgesic, anti-pyretic, and anti-inflammatory effects. They are
effective and commonly prescribed for the alleviation of symptoms associated with
inflammatory and degenerative musculoskeletal diseases as well as other painful
conditions. NSAIDs also have an inhibitory effect upon platelet aggregation.'
Acetylsalicylic acid (ASA) is well known for this effect and is used for the prevention

and treatment of common cardiac and vascular diseases.>"

Approximately 20 different NSAIDs are available in Alberta and each agent is available
in a number of formulations. The conditions for which NSAIDs are usually prescribed
increase in prevalence with age and NSAIDs represent a significant proportion of drug
use in the elderly. During a 6 month period in 1991, one quarter of Albertans aged 65
and older received at least one prescription for an NSAID and during this period $5

million worth of NSAIDs was prescribed to this population.*

The pharmacodynamic effects of NSAIDs appear to be mediated principally through
inhibition of prostaglandin synthesis. Prostaglandins are endogenously generated fatty
acids that play a major role in inflammatory conditions.” However, prostaglandin
synthesis is not specific to pathological states. Normal physiology is also disrupted by
inhibition of prostaglandin synthesis and the effects of NSAIDs on normal physiology are
believed responsible for a number of adverse effects. Gastrointestinal hemorrhage,
neutropenia, salt and water retention, renal impairment, delirium, and hypersensitivity

reactions are known or suspected to be caused by NSAIDs.%"8



Much of what is known about the effects of NSAIDs on cardiovascular disease is
founded upon studies of ASA. This agent has a long history of use and there is a large
body of scientific literature that describes its indications and effects. In contrast to ASA,
the effects of non-ASA NSAIDs on cardiovascular disease have not been well
documented. Cardiovascular disease often occurs in the setting of ischemia brought
about by thrombosis and atheroembolism. Platelet aggregation is required for these
processes and inhibitors of platelet aggregation are suited for preventative and therapeutic
intervention. Although non-ASA NSAIDs are less effective in inhibiting platelet
aggregation than ASA, it does not necessarily follow that these agents have no effect on
cardiovascular physiology or disease. Moreover, a significant body of research suggests
9,10,11,12

that arteriosclerosis is a dynamic and to some extent an inflammatory process.

Therefore, non-ASA NSAIDs may prove beneficial irrespective of anti-platelet effect.

Alternatively, non-ASA NSAIDs may exacerbate certain cardiovascular conditions.
Non-ASA NSAIDs have been shown to cause renal dysfunction that in turn may cause
retention of salt and water.'> Conditions such as hypertension, edema, and congestive
heart failure may exacerbated by this process. Therefore, it may be hypothesized that
non-ASA NSAIDs increases the morbidity and mortality associated with these

conditions.

In summary non-ASA NSAIDs are commonly used in the elderly population. Although
much is known about the effects of ASA, there is a gap in the knowledge of the effects of
non-ASA NSAIDs on cardiovascular disease. From knowledge of pharmacology and

pathophysiology, it is possible to hypothesize that non-ASA NSAIDs are protective of



ischemia dependent cardiovascular disorders and they are a risk factor for

cardiovascular disorders that are aggravated by salt and water retention. Depending upon
the net effect between protection and risk, exposure to non-ASA NSAIDs may be
associated with a rate of mortality different from controls. In this paper, non-ASA
NSAID prescription and cardiovascular disease will be examined in a population of

senior Albertans.

Objectives

The primary objective of this study is to measure the association between non-ASA non-
steroidal anti-inflammatory drug (non-ASA NSAID) use and the medical treatment and
frequency of major cardiac and vascular diseases in elderly Albertans. The secondary

objective of this study is to describe NSAID utilization in this population.

The study hypotheses are:

1. Seniors prescribed a non-ASA NSAID when compared to controls are more likely to
be prescribed medications used for the treatment of hypertension, congestive heart

failure, and edema.

2. Seniors prescribed a non-ASA NSAID when compared to controls are more likely to
visit a physician or be hospitalized with a diagnosis of hypertension, congestive heart

failure, or edema.

3. Seniors prescribed a non-ASA NSAID when compared to controls are less likely to

visit a physician or be hospitalized for ischemic heart disease, cerebrovascular disease,



peripheral vascular disease, and thromboembolic disease.

4. Seniors prescribed a non-ASA NSAID have a mortality rate that is different from

controls.

Literature Review

Pharmacology of NSAIDs

NSAIDs to varying degrees are anti-inflammatory, analgesic, antipyretic, and inhibitors
of platelet aggregation. It is believed that inhibition of the enzyme cyclo-oxygenase
(COX) is the primary pharmacodynamic effect of NSAIDs. COX plays an important role
in the production of prostaglandins from arachidonic acid which is a phospholipid (fatty
acid) present in cell membranes. Recently, it has been discovered that two isoforms of
COX exist (COX 1 and COX 2) and that selective inhibition of the COX 2 isoform may
confer therapeutic advantages.'*'>!® An overview of the biochemical pathways
associated with prostaglandin synthesis including the position of COX is shown in figure

I.

Prostaglandins are structurally related but have diverse and sometimes opposing effects
on physiological functions. For example, a basal level of prostaglandins plays a role in
the maintenance of tissues such as gastric mucosa or renal tubular function. NSAIDs can
cause harm by interfering with these maintenance functions. However, when
inflammatory conditions are triggered, prostaglandin levels rise and attract potentially
damaging inflammatory cells. NSAIDs in this setting are beneficial in alleviating the

symptoms of inflammation. One prostaglandin (prostacyclin) can inhibit platelet



aggregation while another (thromboxane) can stimulate platelet aggregation.

Cell Membrane Phospholipids

Stimulus (phospholipase) {Inhibited by steroids)
U
Arachidonic acid O;

m -»1 Chemotactic lipids

Cyclooxygenase (inhibited by aspirin,
indomethacin)

$ Lipoxygenase

5 HETE
.« [ *— S HPETE PGG, —= PGH, + [O,]
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1 Vascular permeability LTE, '?0'"5’859 Reductasel
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Vasodilatation Chemotaxis

Potentiate edema

Figure 1. Biochemical pathways associated with the production of prostaglandins from
arachidonic acid as well as the major actions of these substances. NSAIDs inhibit cyclo-
oxygenase.'’

A large number of NSAID:s are licensed for use in North America and they often
classified according to chemical structure. A distinction is made between salicylates and
non-salicylate NSAIDs. Salicylates are further classified according to the presence of an

acetyl group. Acetylsalicylic acid (ASA) is the prototypical acetylated salicylate.

Benorylate is another member of this class. ASA stands out among NSAIDs for a
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number of reasons. First, it has a long history in medicine. Hippocrates prescribed the

bark and leaves of the willow tree (rich in a substance called salicin) to relieve pain and
fever and the Roman physician Galen wrote about the beneficial effects of willow leaves

in 200 AD.'®

Second, ASA is the only NSAID that acetylates COX irreversibly. Acetylation of this
enzyme is believed responsible for the inhibition of platelet aggregation that is observed
in vitro and that is presumed to occur in vivo. Because platelets lack the cellular
machinery to synthesize new proteins they cannot recover from an exposure to ASA.
Therefore, the effects of ASA on platelet dependant processes within the body do not

resolve until new ones replace the exposed platelets.'®

Lastly, aspinin is inexpensive relative to many medications. The cost of ASA 1,300 mg
(maximum daily recommended dose for prophylaxis of atheroembolic stroke) is 10 cents.
Diclofenac is the most commonly prescribed non-ASA NSAID in Alberta. It has a
maximum daily recommended dose of 150 mg that costs $1.87.2° ASA is also available
to the public without prescription and despite its potential for adverse effects, this agent is

well tolerated by most users.

Combining low cost, availability, effectiveness in inhibiting platelet aggregation, and a
low frequency of adverse effects makes ASA an ideal candidate for the treatment and
prevention of platelet dependent conditions. Indeed, ASA has been demonstrated to
reduce mortality and the frequency of recurrent ischemic events in patients with unstable

coronary syndromes in a number of trials.?'?*?*> For example, ASA was associated with a



23% reduction in the risk of cardiovascular death at 35 days post presentation with an
unstable coronary syndrome in the ISIS-2 trial. Primary prevention trials have been done
although the data is less compelling for benefit. In The Physician’s Health Study the risk
of myocardial infarction was reduced by 44% in male physicians receiving aspirin 325
mg daily relative to controls. However, benefit was limited to those over 50 years of age
and the total cardiac mortality was not different between the groups. Those receiving
ASA were twice as likely to have a hemorrhagic stroke although this outcome did not
achieve statistical significance.’® A randomized controlled trial of British physicians

failed to demonstrate a benefit with ASA used for primary prevention.zs

Cerebrovascular disease, arterial insufficiency of the limbs and thrombophlebitis are
other conditions for which the use of ASA has been studied. Numerous studies have
assessed the impact of ASA on stroke related mortality. Notable among these are the
International Stroke Trial (IST) and the Chinese Acute Stroke Trial (CAST) which
demonstrated a reduction in mortality among stroke victims given ASA at time of
presentation.’*?” A meta-analysis of 145 clinical trials which included 70,000 high risk
subjects found that aspirin reduced the odds of nonfatal myocardial infarction by 34%,
nonfatal stroke by 31%, and vascular death by 18%.*® ASA has been demonstrated to
primarily reduce the risk of stroke in subjects with atrial fibrillation and current

guidelines support its use for this indication in selected populations.”®

With respect to atherosclerosis associated ischemia of the limbs, ASA has been
demonstrated to reduce progression of disease in one randomized controlled study using

angiographic endpoints.’® It was also shown to delay the requirement for surgery in a



sub-group analysis of the Physician’s Health Study.’’ Other non-NSAID antiplatelet
agents have been introduced recently. Clodiprogel has shown some superiority to ASA

with respect to vascular endpoints in a randomized controlled trial.*

While anticoagulation with heparin and warfarin is the standard of care for the prevention
of deep vein thrombosis and pulmonary thromboembolism, there is a history of interest in
the use of ASA for this purpose. A review of 90 clinical trials found that ASA containing
regimens were superior to placebo in the peri-operative reduction of venous thrombosis

and thromboembolic disease.>>

In summary, ASA is an acetylated salicylate that has a long history in human medicine.
It is inexpensive, widely available and shown to be effective in the prevention and

therapy of cardiac and vascular disease.

A number of non-acetylated salicylates are available although the use of these agents is
limited. Choline salicylate, choline magnesium trisalicylate, and salsalate are included in
this group. A MEDLINE search from 1966 to present that included the names of these
agents revealed no published articles that described an association of non-acetylated

salicylates with cardiovascular disease.

The non-salicylates comprise the remaining NSAIDs that are available for human use.
Because aspirin (ASA) is the predominant salicylate, the non-salicylate NSAIDs will be
referred to as non-ASA NSAIDs. There are approximately 20 non-ASA NSAIDs
available in Alberta. The classification of these agents has been traditionally based on

chemical structure although the recent introduction of agents that are selective inhibitors



of the COX 2 isoform has generated greater interest. Selective COX 2 inhibitors

became available after the study period.

The non-ASA NSAIDs available at the time of data collection included 7 structurally
diverse classes. The agents are listed in Appendix 1. Structural variability is manifest
mainly in pharmacokinetic issues such as elimination half-life, degree of protein binding,
and routes of metabolism. The oral formulations of some non-ASA NSAIDs are
available as sustained release preparations, with enteric coating, and compounded with

misoprostol. an agent that has been demonstrated to reduce the risk of gastric ulcer.’

The pharmacodynamic effects of non-ASA NSAIDs are less variable among the non-
selective COX inhibitors. They all decrease the release of mediators from immunocytes
and inhibit prothrombin synthesis. They are anti-inflammatory, analgesic, and anti-
pyretic. They also inhibit platelet aggregation albeit in a reversible and less effective
manner than ASA.> The most common indication for non-ASA NSAIDs in the elderly is
the amelioration of symptoms associated with degenerative and inflammatory conditions.
These indications along with associated ICD-9 CM codes are listed in Appendix 2. Other
indications include symptom reduction in conditions such as neoplasia, trauma, headache,
dysmenhorrea, and post-operative pain. In the neonate with patent ductus arteriosus,

NSAIDs have been shown to induce closure of this vascular abnormality.*

These agents are effective in the management of inflammatory and degenerative disease.
However, there does not appear to be compelling evidence that any of the non-ASA

NSAIDs are more effective than others. Individual response, adverse effect profile, and



cost are factors that physicians should consider when selecting a non-ASA NSAID 3¢ 0
In general, the adverse effect profiles are similar among the non-ASA non-COX selective
NSAIDs. Gastrointestinal hemorrhage, hypersensitivity reactions, exacerbation of
asthma, renal impairment, elevation of liver enzymes, visual disturbances, a variety of
CNS disturbances, bone marrow suppression, effects upon the pharmacokinetics of other
medications, edema, aggravation of hypertension, and congestive heart failure are
commonly mentioned in major texts and pharmacopoeias.*®*° There have been attempts
to systematically rank individual NSAIDs according to frequency of adverse events.*®*!
As well, clinical trials have demonstrated some differences in adverse event
frequencies.***® However, there is no widespread agreement regarding the relative safety

profiles among these agents. The relationship between non-ASA NSAIDs and

cardiovascular diseases will be discussed later in the text.

Perhaps a more difficult issue than deciding on which non-ASA NSAID to use is
deciding when to introduce or discontinue NSAIDs for the individual patient. For
example, exercise, acetaminophen, capsaisin cream, and intrasynovial
viscosupplementation have been shown to be effective in the management of
osteoarthritis.***>*7 Surgical options including osteotomy and joint replacement are

also available.

NSAID Use and the Elderly

Non-ASA NSAIDs are commonly prescribed to alleviate the symptoms associated with

degenerative, inflammatory, and neoplastic diseases. The prevalence of these disorders
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increases with age. There is data demonstrating that NSAIDs (both ASA and non-

ASA NSAIDs) are commonly used in the elderly and that there are significant medication

costs associated with the use of this class of medication.

Reimbursement data for ASA and non-ASA NSAIDs from the Alberta Blue Cross Drug
Benefit Plan (ABC-DP) was analyzed for a 6 month period in 1991. Of the Alberta
population aged 65 and older 61,601 (26.7%) received at least one prescription for an
NSAID. The total number of NSAID prescriptions reimbursed was 160,231 (2.6
prescriptions per NSAID claimant) for a cost to the ABC Drug Benefit Plan of $5.4
million dollars. The percentage of subjects receiving at least one prescription for other
classes of medications was 19.9% for diuretics, 8.3% for ACE inhibitors, 8.5% for beta-
receptor antagonists, 2.4% for oral corticosteroid, and 0.044% for methotrexate. NSAID
exposure was assessed by the number of prescriptions rather than quantity of medication
prescribed. Therefore, it was not possible to assess the relationship between medication

exposure and outcomes of interest.

The frequency of NSAID prescription was studied in patients aged 65 and older using the
Nova Scotia Seniors Pharmacare program database for a 1 year period ending in 1994.%%
It was found that of all NSAIDs, ASA was the most commonly prescribed, followed by
diclofenac and naproxen. Often, the prescription of an NSAID will precipitate a
prescription of cytoprotective medication. In this study, 17.1% of the total day’s supply

of NSAIDs were co-prescribed with a cytoprotective or antiulcer drug.

In surnmary, NSAIDs are commonly prescribed to elderly persons and the use of these
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agents account for a significant health care expenditure. Few studies have been

published using Canadian data.

Cardiovascular Disease in the Elderly

It may be useful to define cardiovascular disease before discussing its prevalence in the
elderly. The term “cardiovascular disease” is used variably throughout the medical
literature. It implies diseases of both the heart and vasculature (arteries, veins, and
lymphatics). However, precision is lacking and many conditions that anatomically relate
to the heart and vasculature are variably regarded by this term. For example, congenital
heart disease, non-atherosclerotic conditions of blood vessels (inflammatory arteritis),
thrombophlebitis and thromboembolism, lymphedema, and target organ disease (stroke,
renal disease, and limb ischemia) may or may not be included by various authorities. This
study will focus on the following specific cardiovascular conditions: congestive heart
failure, hypertension, peripheral edema, coronary artery disease, acute myocardial
infarction, atherosclerosis, aneurysm, cerebrovascular disease, deep vein thrombosis and
pulmonary thromboembolism. Each of these conditions are associated with one or more
International Classification of Diseases version 9 — Clinical Modification (ICD9-CM)

codes and presented in Appendix 2.

Cardiovascular disease is a significant problem for Canadians. Data from Statistics
Canada showed the leading causes of death in 1995 to be cancer (27.4%), diseases of the
heart (27.2%), and cerebrovascular disease (7.4%).*° Data from the original Framingham
Heart Study and Framingham Offspring Study demonstrated that the incidence and

prevalence of congestive heart failure doubles with each decade of life after 50 years of
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age.’® Congestive heart failure is not a benign disease. The prognosis associated with

this diagnosis was studied in the Framingham population. After adjusting for age, the
median time between diagnosis and death was 1.7 years for men and 3.2 years for
women. Of concern was the finding that advances in the therapy for congestive heart

failure between 1950 and 1980 was associated with only modest survival benefits.!

Hypertension and ischemic heart disease are the most common etiologies of congestive
heart failure.”® Therefore, it is expected that these conditions are si gnificant in seniors.
With respect to hypertension, there are epidemiological studies demonstrating the
prevalence of isolated systolic hypertension to increase from about 8% among people in
their sixties to 22% by 80 years of age.’® The third National Health and Nutrition
Examination Survey found that both the prevalence and severity of hypertension increase
with age.”® For example, among men between the ages of 50 and 69 years, the
prevalence of hypertension is 35%, and fewer than one quarter of these cases represent
stages 2 through 4 hypertension as defined by the Fifth Report of the Joint National
Committee on Detection, Evaluation, and Treatment of High Blood Pressure.®* Above
the age of 69 years, the prevalence of hypertension rises to 50% and more than one third

of cases fall within stages 2 through 4.

The incidence and impact of myocardial infarction also increases with age. The
Worcester Heart Attack Trial demonstrated an in-hospital mortality of 5% to 8% for
those 64 years of age or younger, 16% for those 65 to 74 years of age, and 32% for those
older than 75 years of age.> It is probable that frail organ systems and co-morbidity

contribute to the elevated case fatality rates observed in the elderly. An additional area of
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study raises the possibility that the elderly receive sub-optimal care. For example, it

was found that at least 47% of elderly myocardial infarction victims did not receive

proven therapies.*®

Peripheral edema is a significant problem in the elderly. Peripheral edema may be a sign
of congestive heart failure. It may also be seen in the setting of venous insufficiency,
deep vein thrombosis, low serum albumin states, inflammatory conditions, and as a
consequence of non-ASA NSAID or calcium channel blocker therapy.”’ A study of 459
seniors seen in an outpatient clinic in Italy found the prevalence of pedal edema to be
8.6%. It was also found that pedal edema was associated with the presence of foot pain
which in turn was associated with disability.’® In addition to the impact of peripheral
edema on health are the effects of its treatment. Diuretics prescribed for edema are
associated with a number of adverse effects including electrolyte disturbances, postural
symptoms, and renal insufficiency. Investigators in the Netherlands found that diuretics
were prescribed to 38.3% of 1,547 elderly persons from a combined ambulatory and
hospitalized population.® An objective of their study was to estimate the frequency with
which diuretics could be safely withdrawn. Of the 218 subjects whose physician
discontinued the diuretic, 41% remained diuretic free 12 months later. One interpretation
of this data is that indication for starting the diuretic was transient in a significant
proportion of this population. Although the investigators did not measure the association
of non-ASA NSAID prescription with successful withdrawal of diuretic therapy, it was

noted that 15% of the study population were using non-ASA NSAIDs.

5 ‘49

Cerebrovascular disease accounted for 15,537 Canadian deaths in 199 Ageis


















































































































































































































































