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• ABSTRACT

This thesis presents results of a case-control study investigating the excess risk ofocuJar

hypertension or open-angle glaucoma associated with the use of oral~ inhaled and nasal

glucoconicoids. Data on 9,793 cases and 38,325 control subjects were obtained from the

computerized administrative health databases ofthe province ofQuébec~ Canada.

For oral glucoconicoids~ a 40 % increase in the risk of ocular hypertension or open-angle

glaucoma was observed. The risk increased with higher daily doses and increasing

duration of treatrnent.

Exposure to inhaied.glucocorticoids was not associated with an elevated rislc, except

when they were administered in high doses over extended periods of time. No elevated

risk was observed for exposure to nasal glucocorticoids.

The study results are discussed in view ofphannacological data for different forms of

glucocorticoids and compared to findings for ophthalmic glucocorticoids. The database is

used to iIlustrate empirical explorations of concems about bias.
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RÉSUMÉ

Cette thèse présente les résultats d~une étude cas-témoins dont le but était de déterminer

le risque d'hypertonie oculaire ou de glaucome à angle ouvert associé à l~utilisation de

glucocorticoïdes orau~ inhalés et nasaux. Les données sur 9 793 cas et 38 325 témoins

ont été obtenues à partir des fichiers administratifs sanitaires informatisés de la province

de Québec, Canada.

Une augmentation du risque d~hypertonie oculaire ou de glaucome à angle ouvert de

40 % a été observée après 1~utilisation de glucocorticoïdes oraux. Le risque s'élevait avec

l~augmentation des doses quotidiennes et de la durée du traitement.

L'exposition aux glucoconicoïdes inhalés n'était pas associée à une augmentation du

risque sauf lorsqu'ils étaient administrés à hautes doses pour des périodes de temps

prolongées. Aucune augmentation du risque ne fut observée suita à l'exposition aux

glucocorticoïdes nasaux.

Les résultats de cette recherche sont discutés dans le contexte des données

pharmacologiques concernant les différents types de glucocorticoïdes et sont comparés

aux résultats sur les glucocorticoïdes ophtalmiques. La base de données est utilisée pour

illustrer l'exploration empirique de questions concernant des biais.
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PREFACE

This thesis consists of five chapters~ including the introduetion~ three manuscripts intended

for journal publication and an overaJl summary and conclusion. The introduction provides

an overview of the literature relevant to ail aspects of tbis work and summarizes the study

objectives. The tirst two manuscripts report the main study findings, charaeterizing the

excess risk ofocular hypertension or open-angle glaucoma for different glucocorticoid

exposures. The third manuscript discusses in further detail three specifie methodologie

issues which arose in the context ofthis study. The final chapter provides an overall

summary of the findings reported in the three preceding manuscripts. Tables and

references are provided at the end ofeach manuscript or chapter.

Since the three manuscripts will be submitted for publication to different Medical joumaIs

there is sorne repetition of material in the literature review and in the methods and

discussion sections.

Despite these limitations, l decided ta use the option of writing the thesis as a series of

papers~ since this approach ensures that the results will reach a wide audience within a

relatively short period oftime. It also gave me vaIuable experienee in reporting the resuIts

ofa study in a way suitable for publication in a scientific journal.

The fonnat ofthis thesis is approved by the Faculty ofGraduate Studies and Researe~

McGill University. The following statement from the 'Guidelines Conceming Thesis

Preparation' must be included in the Preface:

'Candidates have the optio~ subjeet to the approval of their Department, of includin& as

part of the thesis~ copies of the text ofa paper(s)~ submitted for publicatio~ or the clearly

dupIicated text of a published paper(s)~ provided that these copies are bound as integral

part of the thesis.

- Ifthis option is chosen~ connecting texts, providing logical bridges between the different

papers~ are mandatory.
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- The thesis must still confonn to all other requirements of the 'Guidelines Conceming

Thesis Preparation' and should be in a literary farm that is more than a Mere collection of

manuscripts published or to be published. The thesis must include.. as separate chapters or

section: (1) a table ofcontents.. (2) a general abstract in English and French., (3) an

introduction which clearly states the rationale and objectives ofthe study, (4) a

comprehensive general review ofthe background literature to the subject of the thesis,

when this review is appropriate, and (5) a final overall conclusion and/or summary.

- Additional material (procedural and design data as weIl as descriptions ofequipment)

must he provided in suflicient detail (e.g. in appendices) to allow clear and precise

judgement to be made ofthe importance and originality of the research reported in the

thesis.

- In the case of manuscripts co-authored by the candidate and others, the candidate is

required to make an explicit statement in the thesis ofwho contributed to such work and

to what extent. SupelVÏsors must attest to the accuracy ofsuch statements at the doctoral

oral defense. Sïnce the task of the examiners is made more difficult in these cases, it is in

the candidate' s interest to make perfectly clear the responsibilities ofall the authors of the

co-authored papers. Under no circumstances can a co-author ofany component of such a

thesis serve as an examiner for that thesis. '

AUTHORSHIP

This thesis presents the findings of research that 1 initiated and developed. 1 formuJated

the principal research questions independently and was responsible for the data

management.. statistical analysis and manuscript preparation. The co-authors of the three

manuscripts were ail members of my Thesis Supervisory Committee who offered

constructive criticism throughout the entire research project and manuscript preparation.
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STATEMENT OF ORIGINALITY

To my knowledge.. this is the tirst systematic study to evaluate the risk of ocular

hypertension or open-angle glaucoma after the exposure to inhaJed and nasal

glucoconicoid use. It is also the tirst to assess this risk for oral glucocorticoids in a

population-based approach and to study the effect ofdose and duration oftreatment for

these clinical endpoints. In additio~ it is the tirst study which provides summary risk

estimates for the exposure ta oral and ophthalmic glucocorticoids within the same study.
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• CHAPTER 1

I1'ITRODUCTION

Glucoconicoids~a1so caIled conicosteroids or just simply steroids~ are medications that

exhibit strong anti-inflamrnatory~immunosuppressive and antiallergic effects when given

in higher than naturally occurring doses. These pharmacologica1 properties have made

them powerful agents in the treatment of a wide variety of inflammatory and other

diseases. Their use is, however, limited by their numerous side effects which can affect a1l

organ systems (1). The study presented here invesrigates the risk ofocular hypertension or

open-angle gIaucoma as a potential side effect ofgIucoconicoid administration, exa~ning

the risk of these adverse events for different forms ofglucoconicoids. Ocular

hypertension is consideree! the most imponant risk factor for primary open-angle

glaucoma (POAG). Glaucoma is an important cause of severe Joss ofvision and blindness

in industrialized countries. Accordîng to data from the ModeI Reporting Area for

Blindness Statistïcs in the United States it was the second single cause ofblindness

incidence and prevaIence in the United States (2). In 1970, blindness from gIaucoma

affected 16.2 persans per 100,000 and was responsible for 11.1 % ofaIl cases ofblindness

in the registry (3). Sirnïlar figures have been published for the blindness registry of

England and Wales, where gIaucoma accoumed for 13 % ofaIl reponed cases of

blindness (2). In the case of corticosteroid-induced glauco~ progression of the disease

can usualIy he interrupted by discontinuation of the steroid if the disease is detected

sufficiently earfy. It is therefore ofgreat importance to identify which patients receiving

gIucocorticoids are at risk for this adverse and potentially serious heaIth outcome and

shouid be subjected to active case-finding procedures.

1
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1.1 Ocular Hypertension and Open-Angle Glaucoma

1.11 Definition, Classification and Clinicat Aspects

Open-angle gJaucoma has traditionally been defined as an eye disease with elevated

intraocular pressure associated with optic nerve damage and a slowly progressive loss of

visual sensitivity (4). The optic dis~ which is the site ofpassage ofmillions ofaxons that

conneet retinal ganglion cells to the brai~ may appear deeply excavated due to

gIaucomatous atrophy ofoptic nerve fibres, an appearance referred to as 'cupping' of the

optic disk and considered characteristic ofglaucoma. The association between raised

intraocular pressure, typical gIaucomatous changes of the optic disk and subsequent 10ss

ofvision led to the pathogenic theory that ocuIar hypertension causes the damage to the

optic nerve (5). Today, raised intraocular pressure is no longer part of the definitioo, since

it is realized that the intraocular pressure may be normal in sorne patients (often referred

to as 'low-tension glaucoma' or, more recently, 'normal-tension glaucoma') and that not

ail patients with elevated intraocular pressure will develop the disease (4). High

intraocular pressure still remains an important risk factor for the disease which is reflected

in the definition ofglaucoma by the American Academy ofOphthalmology (AAO). The

AAO defines glaucoma as a group of diseases with certain common features, including

intraocular pressure that is too high for the continuing health ofthe eye, cupping and

atrophy of the optic nerve head and visual field loss (6).

Ocular hypertension is a diagnosis used for those individuals who have a consistent

elevation of ocular pressure above the generally accepted norm of 21 mm Hg without

evidence ofoptic nerve damage or visual field change. Although intraocular pressure

values in the population do not follow a normal distribution, the cutoff point of 21 mm Hg

corresponds to two standard deviations above the population mean (2).

Open-angle glaucoma is classified into a primary and secondary fonns based on the

etiology of the disease. If no apparent cause is found.. the glaucoma is considered primary.

2
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In secondary open-angle glaucom~ an ocular or systemic abnormality is identified that

appears to be responsible for the alteration in aqueous humor dynamics. Causes of

secondary gJaucomas include previous or concomitant ocular conditions such as ocular

inflammation~ ocular trauma, intraocular hemorrhage or intraocular tumors and systemic

conditions such as glucocorticoid administration (7).

Open-angle glaucoma is distinguished from angle-closure glaucom~ based on the

appearance of the anterior chamber angle through which the aqueous humor drains. If tbis

angle is wide open~ the glaucoma is classified as open-angle glaucoma. The other type of

glaucoma with a shallow anterior chamber and narrow chamber angle is c1assified as

angle-closure glaucoma. A third group ofgJaucomas is occasionaJly distinguished trom

these two forms and classified as developmental glaucomas. This group is characterized

by a developmental abnormality of the anterior chamber angle and is usually deteeted

during childhood. Among the different types ofglaucoma, POAG is the MOst frequent

type in adults (2).

The onset ofocular hypertension and open-angle glaucoma is usually insidious and

asymptomatic. Visual dysfunction from open-angle glaucoma is first manifested in the

mid-peripheral field of visio~ whereas central vision funetions such as visual acuity are

preserved until late in the course of the disease. Due to its reIatively asymptomatic course~

open-angle gJaucoma is often not diagnosed in its early stage (8). Population screening

surveys have demonstrated that roughly haIfof the patients who suifer trom open-angle

glaucoma were unaware of the presence ofthe disease (9-12).

Ocular hypertension is diagnosed by tonometry, a relatively simple, painless and

inexpensive method ofdetermining intraocular pressure (2,13). The diagnosis ofopen

angle glaucoma involves different diagnostic procedures, including ophthalmoscopy for

the examination of the optic disk and nerve-fiber layer, tonometry for the measurement of

intraocular pressure, perimetry for visual field testing and gonioscopy for inspection of the

anterior chamber angle (4). For screening or active case-finding ofopen-angle glaucoma,

tonometry has been recommended by sorne authors, due to its simplicity and low cost (14-

3
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16). The use of this technique for screening alone will~ however~ miss a substantial portion

of patients. due to the existence of normal-tension glaucoma (13 ).

Ail treatment options for open-angle glaucoma are direeted towards a reduetion ofthe

intraocular pressure. There are three main approaches to lower the intraocular pressure:

drug treatment~ laser therapy (trabeculoplasty) and surgery (trabeculectomy). Medical

treatment is usually given tirst and laser therapy and surgical procedures are applied when

drug treatment fails. Recently~ trabeculeetomy has been advocated as tirst treatment of

choice in more advanced cases (17,18).

Medical management ofPOAG is generally based on four ditTerent drug classes: a

adrenergic agonists. t3-blockers~ direct and indirect parasympathomimetic agents and

carbonic anhydrase inhibitors (9,19). Initial treatment is usually with either a a-blocker or

an a-agonist. The latter is the tirst choice in patients with pulmonary disease (20). Ali

drugs for glaucoma treatment with the exception ofcarbonic anhydrase inhibitors are

topical ophthalmic preparations directIy administered to the eye. Carbonic anhydrase

inhibitors are administered orally or intravenously.

Patients with ocular hypertension should only be treated when they are at risk of

developing glaucoma. However, a precise indicator of future gIaucomatous damage is still

lacking in these patients. Ocular hypertension with intraocular pressures over 30 mm Hg is

usually considered a high-risk condition requiring treatment (14,21). Sorne authors have

advised treatment at less elevated intraocular pressure levels~ particularly in the presence

ofother risk factors (14,22). Patients whose intraocular pressure is onJy moderately

elevated are usually followed without treatment~ but subjeetecl to periodic visual field and

optic disk examinations.

Treatment of normal-tension glaucoma has traditionally been the same as that of high

tension glaucom~ employing standard medical treatment~ laser or surgery. The benefit of

treatment is~ however. uncertain and it has been recommended to administer treatment

ooly in cases of well-documented progression of the disease ( 18.23).

4
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1.12 Epidemiology of Ocular Hypertension and Open-Angle Glaucoma

Severa! large population surveys have been conducted to determine the prevalence of

ocular hypertension and/or POAG (11,12.24-28). These studies usually included ooly

subjects 40 years of age or older (12.26,29) or in sorne studies even onJy older subjeets

(11,24,27,28). The reported prevalence ofocular hypertension ranged from 2.2 % to 6.8

% and that ofPOAG from 0.5 % to 2.1 %. In surveys conducted in populations with a

high proponion ofhlack subjects, higher prevalences ofPOAG were reponed (30). It has

been hypothesized that the variations in prevalence in different studies May partIy be

explained by different diagnostic criteria and screening techniques (2). Screening for

glaucoma usually included tonometry, ophthalmoscopyand perimetry. The latter was not

routinely performed in all studies (12,25) which May have led to an underestimate of

glaucoma prevalence in these studies (31). In two more recent studies which routinely

employed perimetry and were conducted in predominantly Caucasian populations, in

Beaver Dam, Wisconsin, and Rotterdam, Netherlands, prevaiences ofPOAG of 2.1 % and

1. 1 % were reported, respectively (11,27). In comparison with open-angle glaucoma,

angle-c1osure gIaucoma is rare, being seven times less prevalent in the United States than

open-angle glaucoma (4).

The need for prolonged follow-up of a large cohon bas made it difficult to adequately

determine the incidence ofglaucoma. Data in these studies are often incomplete due to

substantiai 105S to folIow-up (2,31). Sorne follow-up studies were only condueted in

selected groups of subjeets as for example in patients with high intraocular pressures (2).

The available data suggest that the incidence ofPOAG in populations with normal

intraocular pressure is very low, approximately 0.1 - 0.25 % per year (2,5,32,33).

The main risk factors affecting prevalence and incidence ofopen-angle glaucoma are high

intraocular pressure, old age, a family history ofglaucoma and black race. The influence

ofother factors, such as gender, systemic hypertension, diabetes mellitus and severe

myopia, is less weil understood.

5
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High intraocular pressure represents the most consistent risk tàetor (4). Severa!

population surveys have shown higher prevalences ofPOAG with increasing intraocular

pressure (34-36). The probability of optic nerve injury appears to increase exponentiaJly

with ocular pressure vaIues (4). In one study, the prevalence of optic nerve damage was

found to be 70/0 in patients with intraocular pressures of25-29 mm Hg, 14 % in those with

pressures of 30-34 mm Hg, 52 % in patients with pressures of35-39 mm Hg and stiil

increasing in patients with higher pressure values (36). Incidence data suggest that the

higher the baseline intraocular pressure, the greater the subsequent risk ofdeveloping

gIaucomatous optic nerve damage (37). There is, however, still a substantial portion of

patients ~ith POAG who have ocular pressures within the nonnal range. This proportion

ranges beween 25 % and 62 % in population-based surveys (11,24,27,37).

Age has been charaeterized as an important risk factor for ocular hypertension and POAG

in a large number ofstudies (2,10-12,24-26,29,38-40). POAG is rare below the age of40,

with most cases being diagnosed after the age of60. In the Bedford Glaucoma Survey, the

prevalence ofPOAG was 0.22 % among subjeets 40-49 years old, 0.10 % for 50-59,

0.57 % for 60-69, 2.81 % for 70-79 and 14.29 % for patients over the age of80 (41).

Age was identified as the major independent predietor ofgJaucoma incidence in the

Collaborative Glaucoma Study (34). In this study, subjects over age 60 had aImost a

sevenfold higher incidence ofglaucoma than those under age 40.

A family history ofPOAG is generally considered to be a significant risk factor. Close

relatives ofglaucoma patients are found to have an increased prevaJence ofPOAG, which

ranges from 4-16 % in various reports (2,42,43). AIthough the exact hereditary mode is

unknown, indirect evidence suggests that it is most likely multifactorial and complex (31).

POAG is more prevalent., develops at an earlier age, and is more severe in blacks as

compared with whites (3,26,44-46). The Baltimore Eye Survey was a population-based

survey ofthe prevalence ofPOAG in over 5000 subjects ofwhom almost halfwere black.

Age-adjusted prevalence rates were four to five times higher in blacks than in whites.

Rates among blacks ranged from 1.23 % in those aged 40 through 49 years to 11.26 % in
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thase 80 years and aider, whereas rates in whites ranged trom 0.92 % to 2.16 %,

respectively (26).

Numerous studies have reported an association between an increase in blood pressure and

a rise in intraocular pressure (38,47-52). In one ofthese studies, a positive correlation was

observed between a change in systolic blood pressure and a change in intraocular pressure

(52). For POAG, the association is less weil understood. Sorne studies reported an

association between systemic hypertension and POAG (51,53), whereas in other studies

low perfusion pressure appeared to be more important for the development of the disease

(54). In the Rotterdam Eye Study, systemic hypertension was associated with high-tensian

glaucoma, but not with normal-tension glaucoma (47). The increased risk ofPOAG

associated with these vascular risk factors is believed to be related to a deterioration of

the perfusion of the optic nerve head (54).

Diabetes meIlitus appears to be associated with an increased risk ofocular hypenension.

Many studies reported higher intraocular pressure values in diabetic than in non-diabetic

patients (38,55-57), whereas other studies observed an increased frequency ofelevated

intraocular pressure in diabetic patients (51,55,58) or an increased prevalence ofdiabetes

in patients with ocular hypertension (29,51). The relationship between diabetes mellitus

and POAG is less conclusive. Sorne studies have shown a higher prevalence ofPOAG in

diabetics (55). In the Beaver Dam Eye Study, open-angle glaucoma was more prevalent in

subjeets with older-onset diabetes than in subjects without diabetes (40). Diabetes was not

associated with POAG in the Baltimore Eye Survey (56) and in the Framinharn Eye Study

(59).

Most studies have found an association between myopia and ocular hypertension

(29,49,60-63). Sorne studies have shown an increased prevalence ofPOAG among

myopes (64) or an increased frequency of myopia among patients suffering trom POAG

(60). Panicularly severe myopia is considered to be a risk factor for POAG (65). Leske

has, however, pointed out that the diagnosis ofglaucoma in patients with severe myopia

presents difficulties, since the appearance of the optic nerve in myopie eyes May be
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misleading and myopie fundus changes can give rise to field detècts that resemble those in

gJaueoma (2).

There is conflicting evidence regarding the gender-related risk of ocular hypertension and

glaucoma. Sorne studies have found significantly higher intraoeular tensions in females

(2.12.48), but other studies have reported similar Mean intraoeular pressures for both

sexes (38,58,66). No significant association between POAG and gender was seen in the

Baltimore Eye Survey (26), the Beaver Dam Eye Study (27) and other studies (2,12,48).

In the Framingham Eye Study, men were more than twice as likely as women to have

open-angle glaucoma (66) and this risk was found to be increased more than threefold in

the Rotterdam Eye Study (11). The opposite was reported from Sweden, where a higher

incidence ofPOAG was found among femaIes (32).

The presence ofan enIarged disk or a large cup-to-disk ratio are occasionally listed as

predictors for glaucoma development (67). Since optic nerve damage is usually

accompanied by an enlarged cup-to-disk ratio, the finding ofa large ratio cao also be

regarded as an early sign of the disease rather than a risk factor (2).

1.2 Glucocorticoids

Glucocorticoids are hormones secreted by the adrenal cortex or synthetic analogues of

these honnones. Naturally produced glucocorticoids by the adrenal cortex are

hydrocortisone (cortisol) and corticosterone (68). The output ofglucocorticoids from the

adrenai cortex is regulated through the so-eaIled hypothaJamie-pituitary-adrenaJ (HPA)

axis, a complex feedhack loop involving severa! intermediate releasing factors and

hormones (69). High levels ofcirculating hydrocortisone in the hlood exert a negative

feedback control in this loop leading to a lower production ofendogenous

glucocorticoids. Exogenous steroids in pharmacologie doses also suppress the HPA axis

leading to cessation ofsecretion ofendogenous corticosteroids by the adrenal glands. The

degree and duration of hypothalamie-pituitary-adrenal (HPA) axis suppression produced
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by therapeutically administered gJucocorticoids is highly variable among patients (69) and

depends on dose, frequency and rime ofadministration. and duration ofglucocorticoid

therapy. Substantial suppression of the HPA axis can occur witrun a week (68).

Measurement of the degree ofsuppression of the HPA axis has frequently been used as a

pharmacologie marker to determine whether topicaUy administered glucoconicoids may

exhibit systemic side etfects (70).

The pharmacology ofglueoeorticoids, which affect almost ail body systems, is complex.

In physiologie doses, systemic gIucocorticoids are administered to replace deficient

endogenous hormones. In pharmacologie doses, they are used in a wide variety of

diseases for their antiinflammatory and immunosuppressant propenies. Treatment

indications inelude rheumatic disorders and collagen diseases, severe allergie conditions,

asthma., ulcerative colitis and Crohn's disease, sarcoidosis, chronic active hepatitis,

cerebral edem~ acute spinal cord injury, nephrotic syndrome, myasthenia gravis,

thyroiditis, acute gout, hypercalcemia, hematologic diseases due to circulating antibodies,

cancer, certain ocular diseases, nonbacterial and nonviral ocular inflammations, organ

transplant rejections and a wide variety ofskin diseases (1,71). In spite of their

widespread clinical use, no published epidemiologic data were found about the utilization

ofsystemic glucoconicoids.

Dosage ranges for systemic glucocorticoids are extremely wide, and patient responses are

quite variable. It is generally recommended that the amount of drug each patient receives

be individualized according to the diagnosis, severity, prognosis and probable duration of

the disease, and patient response and tolerance. The physiologie or replacement dosage is

approximately 20 mg of hydrocortisone per day which is the daily amount of

glucocorticoid secreted by the adrenal cortex. A phannacologic dosage is any dosage

greater than a physiologie dosage, which includes maintenance or low dosage (a dosage

slightly in excess of physiologie amounts, e.g., 5-15 mg ofprednisone daily), moderate

dosage (approximately 0.5 mg ofprednisonelkg daily), high dosage (approximately 1-3

mg ofprednisonelkg daily) and massive dosage (approximately 15-30 mg of

prednisone/kg daily) (1 19). For maintenance treatment, the minimum amount to produce
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the desired effeet must be used., ta minimise long-term toxicity. To facilitate dosing of

different oral glucocorticoid preparations, relative potencies of their antiinflammatory

effect and approximate equivalent dosages have been established by various laboratory

assays (Table 1) (71). These equivaIent dosages apply only to oral and intravenous routes

ofglucocorticoid administration (71).

Complications of systemic glucocorticoid therapy are numerous and may develop either

relatively acutely or after long-term administration. Examples ofacute side effects are

central nervous system changes, fluid and electrolyte disorders, gastrointestinal

disturbances and impaired glucose tolerance (1). Other side effeets which often develop

oniy after long-term administration include osteoporosis and fractures, avascular necrosis

of the bone, iatrogenic Cushing's syndrome, systemic hypertension, myopathy, certain

dermatologic side effeets, cataraets, and growth impairment in children (1). Side effeets

may aIso result from abrupt withdrawal of the steroid which may lead to acute adrenal

insufficiency (71). The incidence of unwanted effeets of one kind or another depends on

the drug used, dosage and duration oftherapy but can be as high as 50 % (68).

In most diseases, glucocorticoids are administered systemically. However, certain diseases

can be treated by topical administration of the drugs. Topical glucocorticoid preparations

have been developed in an attempt to obtain high local concentrations ofthe

glucocorticoid while minimizing systemic side eff'ects. Topical applications are available

for the skin, eyes, ears, nose, lungs and large bowel. Corticosteroids May aIso be injeeted

intralesionally in chronic dermatoses or into joints in rheumatoid arthritis. Knowledge

about the systemic bioavailability of topically administered steroids is generally scarce.

The systemic bioavailability generaIly depends on the drug used, the underlying disease

and the mode of topical administration. The following paragraphs will focus on

ophthalmic, nasal and inhaled glucocorticoids, because these routes of glucocorticoid

administration were investigated in regard to their potential to cause ocular hypertension

or open-angle glaucoma.
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Ophthalmic corticosteroids are used for the symptomatic reliefof inflammatory conditions

of the conjunetiv~ corne~ iris and sciera. They are also used in injuries of the outer and

anterior segment of the eye and after oeular surgery to prevent scarring. [n these

conditions, they appear to be as effective as systemic steroids. Systemic steroids are

generally required only when deeper ocular structures are involved (71,72).

[nhaled glucocorticoids are now believed to constitute the most effective therapy for

asthma (73). Since it was recognized that airway inflammation is present even in patients

with mild asthma, therapy with inhaIed glucocorticoids is now recommended at a much

earlier stage (74-76). Sorne studies have shown that use ofinhaled glucoconicoids bas

markedly increased over recent years suggesting that physicians have responded to current

guidelines in asthma treatment (77-79). In New Zealand, inhaled steroid saIes (in 100 Jl8

equivalents) increased from less than 50 millions doses in 1985 to almost 200 millions

doses in 1991 (78). In Saskatchewan, Canada, the percentage ofpatieilts treated with

inhaIed glucocorticoids more than tripled from 1989 ta 1993, rising from 6.1 % per 1,000

persons in 1989 to 19.9 % in 1993 (77).

Iflow doses ofinhaled glucocorticoids (beIow 1 mg/day) do not control asthma, a dose

increase is recommended before starting treatment with oral gIucocorticoids (70,74,75).

Systemic bioavailability of inhaIed glucocorticoids may resuIt from gIucocorticoids

deposited in the mouth and then swallowed or from gIucocorticoids absorbed from the

lungs. The amount of systemic bioavailabiIity of the steroid depends on a number of

factors, including the type of delivery device used, the technique ofadministration of the

drug and the first-pass effect of the respective steroid in the case oforopharyngeaI

deposition (80). Since rnany of the new glucocorticoids undergo extensive first-pass

metabolism in the liver, the systemic bioavailability consists rnainly ofthe inhaIed fraction

(80). Studies which investigated systemic effeets of inhaled steroids gave inconsistent

results (73). Sorne studies showed a suppression of the HPA axis by steroids whereas

others did not. A recent review concluded that for doses of up to 1500 Jlg of inhaIed

glucocorticoids, there is little evidence of systemic side effects (73). At higher doses, there

is sorne evidence of suppression of the HPA axis. Higher doses may therefore present a

11



(

potential for systemic side effeets't although clinically they are generally weIl tolerated

(73).

Nasal conicosteroids are used for the symptomatic treatment of seasonal allergie or

perennial rhinitis and in the treatment of nasal polyposis. They are also used to treat small

nasal polyps and to prevent their recurrence following surgical removal (81). It is

estimated that worldwide more than eight million prescriptions were written for nasal

glucocorticoids in 1993 (82). The same glucocorticoid substances as for inhaled use are

availabIe for intranasal use; however't recommended doses for the latter are markedly

Iower than those for the former route ofadministration. Usually, the dose for intranasal

use is less than halfthat recommended for inhaled use (83-85). However, up to 50 % or

more of the nasally administered steroid May be absorbed from the nasal mucosa (81). A

portion ofnasally administered corticosteroid is aise swallowed and absorbed trom the

gastrointestinal tract. Although a systemic bioavailability of 49 0,-0 has been reported after

nasal administration of flunisolide, no HPA axis suppression was seen (85). Concems have

been expressed about HPA axis suppression after long-term intranasal glucocorticoid use

in patients with perennial rhinitis or in patients who use excessive doses (86).

1.3 Glucoeorticoids and the Risk of Oeular Hypertension and Open-Angle
G/aucoma

Corticosteroids have been shown to increase intraocular pressure in animaIs (87), in

perfusion-cultured human eyes (88) and in humans. One of the tirst reports of intraocular

pressure elevations in humans was published in 1954't when Francois described a series of

eight patients who developed ocular hypertension during treatment with corticosteroid

eyedrops (89). Ali ofthese patients had had normal intraocular pressure documented

before the startofeyedrop therapy. In patients in whom the eyedrops were discontinued,

intraocular pressure values returned to normal. Since then, many more case reports and

sorne clinical studies have been published reporting the association. The case reports and

studies ofglucocorticoid-induced ocular hypertension and open-angle glaucoma will be
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presented by route ofglucocorticoid administration. This is for purely organizational

reasons and does not imply differences in the pathogenesis of the condition or its clinical

presentation.

The risk ofocular hypertension associated with ophthahnic glucocorticoids was

investigated in a number of prospective clinical studies. These studies were usuaUy

conducted over a period of four to eight weeks. Glucocorticoid eyedrops were usually

administered to ooly one eye~ whereas the untreated eye served as a control (90-101).

Different patient populations were investigated: normal volunteers, glaucoma suspects,

patients with open-angle gIaucoma and relatives ofglaucoma patients. AImost all patients

with open-angle gIaucoma exhibited a marked increase in intraocular pressure that often

necessitated cessation ofdrug application (91,92,95). About 90 % ofglaucoma suspects

and first degree relatives ofgJaucoma patients showed an increase in intraocular pressure,

but tbis pressure rise was often less pronounced than that of the glaucoma patients (95).

In normal volunteers, a great heterogeneity of the pressure response was seen (93). Based

on the pressure response, both Armaly and Becker classified normal individuals as low,

intermediate and high responders (95,102). Despite the faet that they used different

criteria for their classification systems, they found a similar percentage of the three levels

ofresponse, with around 65 % ofvolunteers belonging to the low, 30 % to the

intermediate and 5 % to the bigh response level (91,92,95,102,103). A high response level

characterized patients with pressure rises of more than 15 mm Hg after four weeks of

glucocorticoid eyedrops. The low response group was defined by a pressure rise of less

than 5 mm Hg. In the low responder group, the pressure seemed to have reached its

maximum after four weeks, whereas it was still increasing in the intermediate and high

responder group (102).

The intraocular pressure elevation was usually limited to the treated eye aJthough sorne

investigators aIso reported pressure rises in the untreated eye in the intermediate and high

responder groups (103). A pressure rise was already seen after the first week of treatrnent

in sorne individuals. Hypertensive ocular pressure values were often not reached before

two or more weeks ofdrug administration (91,93). The magnitude of the pressure
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elevation appeared to be related to the potency and dose of the drug (98.100, 104), but it

did not depend on pretreatment values ofintraocular pressure (94). In nonnal volunteers,

the magnitude ofthe etfect was significantly greater in the older age group (93).

Intraocular pressure values usually returned to pretreatrnent vaIues upon discontinuation

ofdrug administration. In patients with other forms ofgIallcoma. such as angIe-closure

gIaucom~ secondary glaucoma or congenital gIaucoma.. no increased freqllency ofhigh or

intermediate responders was seen (103).

Based on the variations in the degree of response to topical steroids in normal volunteers.

glallcoma patients and their first degree relatives, Becker and Armaly proposed that the

intraocular pressure response to corticosteroids was inherited and that the genes

controlling this response were related to the inheritance of primary open-angle gIaucoma

(105.106). Their theories about the mode ofinheritance could not be confirmed in familv

and twin studies condlleted [ater (96,97,107). TIiese studies reveaJed a lower concordance

ofglucocorticoid testing results man wouId be expected from the Armaly and Becker

theories. Furthermore, the intraocular pressure response to topical dexamethasone was

not very reproducible except in the high responder group (108). Regardless of the theories

about heritability of the glucocorticoid response or its relationship to primary open-angle

gIallcoma.. it appears that a substantial minority of the general population will develop

ocular hypenension when treated with topical ophthalmic steroids. Cenain individuals~

particularly those \Vith primary open-angle glaucoma and their first-degree relatives

appear to be at a greater risk ofan ocular hypertensive response. A bigher risk bas aIse

been observed in patients with diabetes mellitus (55) and in patients with severe myopia

(65). If the ocular hypertension remains undetected and ophthalmic glucocorticoid

treatment is prolonged, a secondary open-angle glaucoma May develop (89,104,109-112).

Two cases ofblindness secondary to corticosteroid ointment administered to the eyes or

eyelids have been reported (l13, 114).

Ocular hypertension and open-angle glaucoma were a1so described following oral

glucoconicoid treatment ( 115-120); however, for tbis route ofglucocorticoid

administration the risk appears to be less weil defined. Contrary to the numerOllS
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prospective clinical studies which were condueted to study the risk for ophthalmic

glucoconicoids, no such studies are available for oral glucoconicoids. A few small

retrospeetive studies were designed to perform eye examinations in patients who had been

receiving oral g1ucocorticoids for various indications ovec prolonged periods of time (121

128). Most ofthese studies measured the intraocular pressure as main outcome

parameter, since ocuJar hypertension and open-angle gIaucoma occurred too infrequently

to analyse them as main outcome events. Sorne studies did not have a control group

(121,127,128). In others~ the intraocular pressure was found to be higher in the steroid

treated group than in a control group (122,124.126)_ Little is known about the influence

ofthe dose and duration ofgIucocorticoid treatment. Higher doses appeared to contribute

to an increase in intraocular pressure values in one study ( 124), whereas chey were not

found to be of importance in !Wo other studies ( 122, 126). It is generally believed that oral

glucocorticoids are associated with a lower risk ofocular hypertension and open-angle

glaucoma than ophthalmic glucocorticoids ( 129-131). Sorne authors beIieve tbat oral 

glucoconicoids have to be administered over months or years before ocular hypenension

develops, whereas it is generalIy acknowledged that weeks of treatment with topical

ophthalmic steroids MaY be enough to cause this adverse effect (129,132). The bypothesis

of a longer exposure requirernent for oral gIucocorticoids appears to be based on case

reports which described ocular hypertension or open-angle glaucoma only after months or

years oforal glucoconicoid treatment (115,116,120,123,125). However, sorne cases were

also reponed after shorter exposure periods, for exampIe in one case after four days of

treatment with oral glucocorticoids (118) and in another after 13 days (I 17). These latter

reports indicate that the necessary exposure period may not be longer for oral

gIucocorticoids than for topical ophthalmic steroids. Reponed long exposure periods may

at least partly be due to delayed deteetion of intraocular pressure rises.

Recently, ocular hypenension and open-angle gIaucoma have been described foUowing

treatment with glucocorticoid nasal sprays and inhaied gIucocorticoids (82,133). Upon

discontinuation of the steroids, a return to normal intraocular pressure values was

observed. In one of the cases. hypenensive open-angle gJaucoma was reponed after six

months of treatment with inhaled beclomethasone diproprionate for asthma (133). In
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another patient who received beclomethasone nasal spray tor perennial rhinitis~ normal

intraocular pressure was observed after one month of treatment~ but it was found elevated

after five months (82). In a third patient~ ocular hypenension developed only after the

gIucocorticoid dose was increased (82). Prospective studies which investigate tbis effect

are not available.

Sorne reports described ocular hypertension and open-angle glaucoma after treatment

with periorbital and facial glucocorticoids administered as creams and ointments

(114,134-138). Many ofthese cases were ooly detected in an already advanced stage of

glaucoma after Many months or years ofglucoconicoid administration (114, 134~ 136, 138).

[n sorne cases~ a normalization of intraocular pressure values was documented after

discontinuation of the glucocorticoid (136,139). The ocular hypertension following tms

route of administration is mostly believed to be due to a direct conjunctival contamination

- by the steroid (134~ 135, 137, 139). The corticosteroid May inadvertently be administered to

the eye during administration of the ointment or seep over the lid margin after

administration. The possibility of ocular pressure elevations due to systemic absorption of

periorbital or facial glucocorticoids is considered remote (135).

The route ofglucocorticoid administration does not affect the basic clinical pieture of

corticosteroid-induced open-angle glaucoma (140). In adults, this glaucoma closely

resembles primary hypertensive open-angle glaucoma and is charaeterized by elevated

intraocular pressure, gonioscopically open angles, and typical optic nerve damage and

visual field loss (131). Clinically, it is symptom free until considerable damage to visual

funetion has occurred (103). The elevated intraocular pressure values usually retum to

normal within days or weeks ofsteroid discontinuation (91,103,115,117,118,141). This

reversibility of raised intraocular pressure also serves as a diagnostic feature which helps

to establish the diagnosis of corticosteroid-induced gJaucoma and differentiates it from

primaI)' open-angle glaucoma. Whereas the ocular hypertension induced by steroid

treatment is usually reversible upon discontinuation of the drug, this is not the case for the

glaucomatous damage which has already resulted (124). A few cases have been reported

where the ocular hypertension persisted after discontinuation ofglucocorticoid treatment
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and Medical or surgical treatment had to be instituted (1 10-1 12,114,136,142). This

persisting ocular hypertension may be a consequence of permanent alterations in the

aqueous humor outflow channels in patients with longstanding oeular hypertension or an

unmasking ofan underlying gJaucoma by glucoconicoid administration (140).

Discontinuing the glueoeorticoid is the most effective management ofeortieosteroid

induced ocular hypertension or glaueoma. Standard antiglaucoma treatment May be

required initially until normalization ofintraocular pressure values oceurs (140). If the

intraocular pressure does not retum to normal despite corticosteroid withdrawal or if

glucocorticoid therapy must continue, routine Medical or surgical antiglaucoma treatment

may be instituted (140).

The mechanism by which corticosteroids induce intraocular pressure elevations has not

been fully determined. The raised pressure appears to be secondary to an increased

resistance to aqueous humor outflow (91,93, 122) and is associated with morphologie

changes in the trabecular meshwork., a sieve-like structure through which aqueous humor

leaves the eye (143,144). A number oftheories have been proposed to explain the

diminished outflow facility (103,131,145). Sorne authors attribute the decreased outf1ow

to an accumulation ofpolYmerized glycosaminglycans (GAGs) in the trabecular

meshwork. Steroids are believed to inhibit the catabolism of GAGs thus leading to an

accumulation of these mucopolysaceharides in the trabecular meshwork with a resulting

reduetion of its porosity (104). ûthers have suggested an increase in the expression of

collagen, elastin or fibroneetin in the extracellular matrix. It has aIso been hypothesized

that glucocorticoids May deerease the expression ofextracelluJar proteinases or lead to an

accumulation of trabecular debris (13 1). The different sensitivity of patients ta exogenous

glucocorticoids May be due to an abnormality in ocular cortisol metabolism in sorne

patients. 5-B-dihydroconisol, a glucoeorticoid metabolite, has been found to accumulate

in eultured trabecular cells from patients with chronic open-angle glaucoma (146). This

Metabolite has been shown to potentiate the effect of topically applied dexamethasone on

the intraocular pressure in rabbits (147) and may account for the different sensitivity of

patients to endogenous and exogenous glucocorticoids (146-149).
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1.4 Administrative Health Databases

Over the past 20 years. large administrative health databases have emerged as an

important tool in pharmacoepidemiologic research. Such databases offer several important

features for epidemiologic studies: they are usually large, with patient numbers ranging

from several hundred thousand to weil over a million. and therefore allow the study of

rare adverse events of pharmaceuticals in large populations. The largest of the

computerized databases is a Medicaid database in the United States (COMPASS) with 8.3

million patients available for study (150). Administrative databases aIso allow

epidemiologic studies to be undertaken in reasonable time and at relatively low cast,

because the study variables are already available in computerized fonn and need not be

obtained in time-consuming and expensive processes ofdata collection. Sorne databases

also provide weIl defined denominator information, thereby allowing to study incidence

and prevalence ofdiseases in defined populations. Computerized databases have provided

useful information about utilization ofdrugs after their introduction to the market. Their

use in postmarketing surveillance complements safety information from premarketing

clinical trials and allows for the study ofdrug-related risks in the general population

without the often strict inclusion criteria ofclinical trials. Use of computerized databases

in pharmacoepidemiologic research is, however, not undisputed (151). Since these

databases are usually designed for administrative purposes, such as billing and record

keeping, important information about risk factors for a disease May not be contained in

the database, thus creating a potential for bias. Exposure is usually defined by records of

dispensed prescriptions, and misclassification of exposure may resuIt if patients did not

take the dispensed medication. It has, however, been pointed out that this measure of

exposure may represent one of the most accurate methods of assessing drug utiIization in

the elderly, since over half of those patients may have difficulty in recalling their

medication when directly questionned (152). Diagnostic coding in computerized databases

is commonly done 3ccording to the International Classification of Diseases. Ninth

Revision (ICO-9) coding scheme ( 153). In this scheme, many different ICD-9 codes may

be compatible with the same disease process and a combination of several codes into a

single diagnostic code may be necessary. Since there is no incentive for a provider to code
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specifically, e.g., to code "duodenal ulcer with bleeding' instead of Lupper gastrointestinal

bleeding otherwise not specified', coding may ooly be done in broad categories, rendering

it impossible to investigate very specifie disease categories wïth daims data without

validating the computerized data against medical records. Carson and Strom have pointed

out that researchers using diagnostic codes in computerized databases must be "Iumpers'

rather than 'spliners' (150).

In Québec, the provincial health insurance plan covers the cost of prescription drugs and

medical services for aU individuals of65 years of age and older. Claims for reimbursement

of medical services and drug dispensations are direeted by physicians and pharmacists to

the Régie de L'Assurance Maladie du Québec (RAMQ), the government body responsible

for the payment of prescription daims and physician services. Of the estimated 770,925

elderly in Quebec, 753,446 were registered with the RAMQ in 1990 (152). Data in the

records include a unique identification number for each patient, demographic data such as

the patient's gender and age, drug dispensations, diagnoses, medical procedures and the

specialty of the physician who submits the daim to the RAMQ. Among the information

available for each drug dispensation are the drug name, the dispensation date, the dose per

unit ofadministration, the mode ofadministration (e.g. tablet, suppository, etc.) and the

prescribed quantity and treatment duration. Drugs dispensed to patients during stay in

hospitals or nursing homes are not contained in the database. The information on medical

procedures includes those done for diagnostic or therapeutic purposes whether performed

in a hospitaJ or in a private office. Diagnoses are coded according to the International

Classification of Diseases, Ninth Revision (ICD-9) (153). The accuracy of the prescription

claims data in the RAMQ database has recentIy been validated, demonstrating a fairly high

level ofaccuracy (152).
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1.5 Study Objectives and Presentation ofArticles

The objective of the study presented in this thesis is to investigate the risk ofocular

hypertension or open-angle glaucoma associated with different routes ofglucocorticoid

administration. A case-control study design was employed using as a data source the

provincial health databases ofQuébec. Oral, inhaled and nasal glucocorticoid use were

studied as the main exposures, and the influence ofdose and duration of treatment for

each ofthese routes ofglucocorticoid administration was investigated. Use ofophthalmic

glucocorticoids served as an adjustment factor, and to illustrate sorne methodologic issues

in designing case-control studies.

The first article presents the results for exposure to oral glucocorticoids and the second

article those for inhaled and nasal glucocorticoids. The third article discusses sources of

bias in pharmacoepidemiologic research within the study conteX! and presents empirical

analyses to ilIustrate these biases.
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Table 1. Relative Potencies of Glucocorticoids and ~quivalentDosages

Compound

Cortisone
Hydrocortisone
Prednisolone
Prednisone
Methylprednisolone
Triamcinolone
Dexamethasone
Bethamethasone

Antiinflammatory
Potency

0.80
1.00
4.00
4.00
5.00
5.00

25.00
25.00

21

Equivalent
Dosage

25.00
20.00

5.00
5.00
4.00
4.00
0.75
0.75
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CHAPTER2

ORAL GLUCOCORTICOIDS

AND THE RISKS OF

OCULAR HYPERTENSION OR OPEN-Al~GLEGLAUCOMA
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2.1 Preface to the Afanuscript

This manuscript presents the results of the first part of the study which investigated the

risk ofoeular hypertension or open-angle glaucoma after exposure to oral glucoeorticoids.

In the previous chapter, case reports and retrospective studies which point to an increased

risk for tbis route ofglucoeortieoid administration have been reviewed and sorne oftheir

limitations discussed. Limitations resulted from the often small sample sizes of

retrospective studies which did not allow to study the etfect of the dose or duration of

oral gIucoeorticoid treatment on the risk of oeular hypenension or open-angle gIaucoma.

Furthermore, the reversibility of these events after withdrawaI oforal glucocorticoids has

not been investigated in a systematic study design.

The introduction of the article summarizes the knowledge from case reports and clinical

studies coneerning ocular hypertension and open-angle glaucoma for ophthalmic and oral

glucocorticoids. The methods section describes the case·control design of the study in

detail, including the sources of data, the definition ofcases and controls, the different

categories defining oral gIucocortieoid exposure, covariates and data analysis.

The results for the different categories oforal gIucocorticoid exposure are discussed

under various perspectives: 1) in comparison with findings obtained for ophthalmic

gIucocorticoids in prospective clinical triais; 2) in view of pharmacokinetic data for oral

glucocorticoids and pathophysiologic hypotheses about glucocorticoid·induced ocular

hypertension and open-angle g1aucoma; 3) considering limitations of the study data.

This article which will be submitted for publication should be quoted as follows:

Garbe E, Suissa 5, Boivin JF, LeLorier 1. Oral glucocorticoids and the risk ofocular

hypertension or open-angle glaucoma. Unpublished rnanuscript. Montreal: Department of

Epidemiology and Biostatistics, McGill University, 1996.
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2.2 Abstract

Objective: Ta quantify the excess risk of ocular hypertension or open-angle glaucoma in

patients taking oral glucocorticosteroids.

Design: Case-control study.

Setting: Quebec universal health insurance program for the elderly (RAMQ database).

Patients: The study included Quebec Medicare enrollees 66 years of age or older. The

9,793 case patients were ophthalmology patients with a new diagnosis ofborderline

glaucoma or open-angle glaucoma or were newly started on treatment for ocular

hypertension or glaucoma between 1988 and 1994. The 38,325 control patients were

randomly seleeted among RA1\1Q enrollees who had consulted an ophthalmologist in the

same month and year as the case.

Main Outcome l\'leasures: The odds ratio ofocular hypertension or open-angle

glaucoma was determined in patients using oral glucocorticoids relative to nonusers, using

conditionallogistic regression analysis. The analysis adjusted for age, gender, diabetes

mellitus, systemic hypertensio~ ophthalmic glucocorticoids, glucocorticoid injections,

number of prescriptions filled, number of physician daims, and number of days

hospitalized.

Measurements and l\'lain Results: The adjusted odds ratio ofocular hypertension or

open-angle glaucoma for cureent users of oral gJucocorticoids as compared with nonusers

was 1.41 (95 % CI, 1.22 to 1.63). The odds ratio increased with increasing daily

glucocorticoid dose, in hydrocortisone-equivalent miIIigrams: the adjusted odds ratio was

1.26 (95 % CI, 1.01 to 1.56) for 1 to 39 mg/d, 1.37 (95 % CI, 1.06 to 1.76) for 40 to 79

mg/d and 1.88 (95 % CI, 1.40 to 2.53) for 80 mg/d or more. The risk for systemic

glucocorticosteroids increased with increasing duration of treatment over Il months of

exposure: the adjusted odds ratio was 1.31 (95 % CI, 0.94 to 1.82) for 1 to 2 months of

continuous use, 1.64 (95 % CI, 1.16 to 2.30) for 3 to 5 months ofcontinuous use and

1.87 (95 % CI, 1.35 to 2.60) for 6 to Il months ofcontinuous use. No further increase in

the odds ratio was seen beyond Il months ofcontinuous use, although the risk remained

elevated at 1.53 (95 % CI, 1.13 to 2.05).
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Conclusions: Use of systemic glucocorticoids increases the risk ofocular hypertension or

open-angle glaueoma. The magnitude of the risk is direetly related to the dose and

duration ofexposure to oral glucocorticoids. The findings of this study suggest that

periodic intraocular pressure measurement in patients taking oral glucocorticoids~

especially in those requiring high doses and extended duration of therapy, May be

warranted.

2.3/ntroduction

Ocular hypertension is a well-documented side effeet of topical ophthaImic

glucocorticoids. The oeular hypertensive response has been charaeterized in a large

number of prospective clinical studies with routine to~ometric follow-up (1). TopicaI

steroids caused ocular pressure elevations in about 35 % ofsubjects with elinically normal

eyes~ with about 5 % of subjeets exhibiting a rise in ocular pressure of 15 mm Hg or more

after four to eight weeks ofadministration (2-4). The intraocular pressure values usually

returned to normal within few weeks ofdiscontinuation of the steroid (1). Topical steroid

induced ocular hypertension May progress ta chronic open-angle glaucoma, if it remains

undetected and untreated. The literature contains numerous case reports of severe visual

impairment and blindness following prolonged corticosteroid administration to the eye (5

10). The symptomless nature of the ocular pressure elevation has prompted

ophthalrnologists to recommend routine monitoring of intraocular pressure in patients

receiving prolonged treatment with ophthalmic steroids (Il).

Severa! case reports have suggested that oral administration ofglucocorticoids can aIso

result in ocular hypertension and open-angle glaucoma (12-17). In contrast to the Many

studies which were initiated following case reports ofocular hypertension and open-angle

glaucoma induced by topical ophthalmic glucocorticoids, investigations of the effects of

oral corticosteroids on ocular pressure have, however~ remained relatively scarce.

Prospective clinical studies with routine tonometric follow-up examinations are not

available. A few retrospective studies were conducted in patients who had been taking
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oral glucocorticoids for variable periods of time and for various indications (18-24). These

studies were generally small~ yielding only few cases ofocular hypertension or open-angle

glaucoma, and therefore did not allow the analysis of these events as main outcomes. In

most studies, the Mean intraocular pressure was found to be higher in the steroid-treated

group than in a non-steroid treated control group (18-20). Most ophthalmologists believe

that oral glucocorticoids also increase the risk ofocular hypertension and open-angle

glaucoma, but that they are associated with a lower risk than ophthalmic steroids (25-27).

Little is known about the influence of the dose or duration of oral glucocorticoid

treatment on ocular hypertension and open-angle glaucoma. Sorne authors have

hypothesized that systemic conicosteroids need to be administered for months or years to

cause ocular hypertension and glaucoma whereas it is generally acknowledged that weeks

of treatment with topical ophthalmic steroids May be enough to cause these adverse

effects (25,28).

In this study, we investigate the risk ofocular hypertension or open-angle glaucoma

associated with use oforal glucocorticoids, using a large-scale epidemiologic design. In

particular, we investigate whether the risk varies according to the dose and duration of

exposure to oral glucocorticoids, and whether a residual risk remains after stopping their

use.

2.4 Methods

Sources of Data

Ta address these issues we conducted a case-control study among the elderly population

ofQuebec for the years 1987 to 1994, using data trom the provincial health insurance plan

database, which covers the cost of prescription drugs and medical services for ail

individuals 65 years of age or older. The prescription daims are filed to the Régie de

l'assurance maladie du Québec (RAMQ), the govemment body responsible for the

payment of prescription daims and physician services. Of the estimated 770,925 elderly in
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Quebec. over 750.000 were registered with the RAMQ in 1990 because they had received

at least one hea1th care service (29). Prescription daims data in the database have recently

been vaIidated and shown ta be reasonably accurate and comprehensive (29). Data in the

records include information on the patient's gender and age.. filled prescriptions, MediCal

procedures. diagnoses.. and the speciaIty ofthe physician who directs the claim to the

RA!\1Q. The prescription data contain information on ail prescriptions filled by recipients,

including the drug name. dispensation date. the dosage fo~ dose, treatment duration and

quantity ofdrug dispensed. Drugs dispensed to patients during stay in hospitals or nursing

homes are not included in the database. Information on diagnostic and therapeutic

procedures whether performed in a hospital or in an office is also listed in the database.

Diagnoses are coded according to the International Classification ofDiseases, Ninth

Revision (ICD-9) (30). Each patient in the database has a unique identification number

which is encrypted to protect confidentiality when the files are used for research. Two

subsets ofthe RAMQ database were used for the study: a 10 % random sample from

1987 to 1994 and a 20 % random sample from 1990 to 1992. Duplicates were eliminated

from the latter sample.

Case Selection

Cases were subjects aged 66 years or aider who consulted an ophthalmologist and either

filled a tirst prescription for treatment of ocular hypertension or open-angle glaucoma or

had a diagnosis ofglaucoma or underwent surgery for gIaucoma Whichever of these

three case defining events came fir~ was set as the index date for that case. Ifa case was

defined by a prescription of treatment for ocular hypertension or glaucoma and the

prescription was not filled on the same day as the visit to the prescribing ophthalmologist~

the clay of the visit to the ophthalmologist was set as the index date. Medication for ocuIar

hypenension and glaucoma included topical betablockers, topical parasympathomimetics,

topical alpha agonists and carboanhydrase inhibitors. Apart from carboanhydrase

inhibitors which may be given orally or intravenously, aIl the other drugs are topically

administered to the eye. The following four-digit ICO-9 diagnoses were employed in the
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case definition: Borderline glaucoma (including the diagnosis ofocular hypenension),

open-angle glaucoma and unspecified gJaucoma (ICD-9 codes 365.0, 365.1 and 365.9).

To qualify as a new or incident case ofgJauco~ subjects were required ta have been

enrolled in the database for at least one year without having had a diagnosis ofglaucoma

or received treatment for glaucoma.

Control Selection

Contrais were randomIy seleeted among patients in the database who were visiting an

ophthalmologist but did not have a diagnosis ofocular hypenension or glaucoma or

receive treatment for these conditions. Like cases, controls were required ta have been

enrolled in the database for at least one year to become eligible. The day of the visit to the

ophthalmologist was set as the index date. Up to four controls were matched to each case

on the index month and year ofthe case to account for seasonal and secular trends in

medication use.

Patients with a diagnosis of angle-closure glaucoma or secondary glaucomas were

excluded trom the case and control groups.

Oral Glucocorticoid Exposure

To investigate the exposure ta oral glucocorticoids according ta dose, recency of use and

the duration ofcontinuous use, we identified ail dispensations for oral glucocortoids filled

in the year before the index date by cases and controls. Oral glucocorticoids on the

Quebec provincial drug formulary include cortisone, hydrocortisone, prednisone,

prednisolone, triamcinolone, methylprednisolone, dexamethasone, and betamethasone.

Each glucocorticoid prescription was converted ta hydrocortisone-equivalent milligrams

on the basis of the specifie glucocorticoid preparation, dose in milligrams, and the

prescription size. The determination ofequivalencies was based on relative glucocorticoid

potencies published in standard reference texts (31,32) (Table 1). We calculated the
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\. average daily dose by dividing the number ofhydroconisone-equivaJent milligrams

dispensed during a specified time period by the number ofdays in that period.

We considered patients exposed if their supply oforal glucoconieoids continued into the

l4-day period before the index date r current usersY). In tbis group ofpatientsy we

examined the influence of the glucoconicoid dosey with the dose defined as the average

daily dose based on the most recent dispensation before the index date. To examine the

influence ofduration ofexposure to oral glucoconicoids, we defined four categories of

duration ofcontinuous use until the index date. Continuous users were categorized into

continuous users for 1-2 months, 3-5 months, 6-11 months and 12 (or more) months. To

charaeterize the residual effeet oforal glucoconieoid use, we created three tirne windows

ofexposure recency before the index date: The 1-14 day period defined 'current use' ,

while 15-45 days and 46-365 days defined the period when exposure stopped.

Covariates

Covariates included age, gender, systemic hypenension, diabetes mellitus, ophthaImie

glucoeonicoids, gIucocorticoid injections, and charaeteristics of health care system use in

the 365 days before the index date. Oid age, systemic hypertension and diabetes mellitus

have all been described as risk factors for the development of oeular hypenension and

open-angle glaucoma (33,34). We defined systemic hypertension by filling a prescription

for any of the following antihypenensive Medications before the index date: thiazide

diuretics, centrally acting antiadrenergic agents, peripherally acting antiadrenergic agents,

f3-adrenergic blockers, angiotensin converting enzyme inhibitors, calcium channel

blockers~ and vasodilators. Although sorne of these drugs are aIso used for other disease

pathologies~ in the elderly the resulting degree ofmisclassification by that definition is at

most moderate (35). Diabetes mellitus was defined by any dispensation oforal

hypoglycemic therapy or insulin before the index date. We c1assified dispensations of

ophthaImic glucoconicoids and glucoconicoid injections as current and former use, and

included both use categories into our analyses. Current use was defined as a drug supply

which continued into the 14-day period before the index date, while formei use was any
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drug supply whieh ended between 365 days and 15 days before the index date. The

following health care system use charaeteristics. included as markers for general hea1th.

were investigated: number of prescriptions filled for aIl drugs. number ofphysician daims

for services. and number ofdays hospitaIized.

Statistical Analysis

The relative risk ofoeuJar hypertension or open-angle glaucoma for each exposure group

was estimated trom odds ratios calculated by conditionaJ logistic regression using the SAS

PHREG program (36). We construeted individual models charaeterizing patients

according to hydrocortisone dose equivalent in mg, duration ofcontinuous glucocorticoid

use and recency ofexposure to gIucocorticoid tablets. For these analyses, the referenee

category was the absence ofexposure to glucocorticoid tablets in the year before the

index date. We further divided the case group into two subgroups according to whether

cases had been defined by ooly a diagnosis ofglaucoma or whether They had received

treatment for ocular hypertension or glaucoma and estimated the odds ratios ofexposure

to oral glucocorticoids separately for both subgroups. AlI models simultaneuously

controlled for the effeets ofdemographic variables, diabetes mellitus, systemic

hypertension, ophthalmic glucocorticoids, glucocorticoid injections and the hea1th care

system use charaeteristics listed above. We further calculated the unadjusted odds ratio of

gIucocorticoid tablets in patients who were classified as current users of systemic steroids

and had received the dispensation in conjunetion with a diagnosis indieating pulmonary

problems, including asthma, chronic bronchitis, chronic obstructive bronchitis,

emphysema, dyspnea and pulmonary fibrosis. Two-tailed p values less than .05 were

considered significant and 9S % confidence intervals were calculated for ail relative risks.
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2.5 Results

Ofthe 22~707 patients who had received a diagnosis ofor treatment for ocular

hypertension or gIaucoma, 1, 165 did not fulfill the inclusion criterion ofconsulting an

ophthalmologist and 11,260 did not meet the eligibility criterion ofbeing in the database

for at least one year before the index event. A diagnosis ofangle-closure and secondary

open-angle glaucoma led ta the exclusion ofanother 485 patients. Four patients were

excluded because information on age was not available. The final case group therefore

included 9,793 patients ofwho 57 003 had received a diagnosis ofocular hypertension or

gJaucoma. but no glaucoma treatment al the index date. Ofthe remaining cases7 4~720 had

been started on drug treatment for glaucoma or high intraocular pressure and 70 had

received a laser trabeculoplasty. We identified 69,556 noncases with ophthalmologist

visits one year or more after their tirst listing in the database. After the exclusion of

controls with incomplete informatio~ the final control group included 38~325 patients.

Characteristics ofcases and contrais are summarized in Table 2. Cases were more likely

to be females and tended to be slightly oider than controis. More controls had been

treated for diabetes mellitus which reflects the choice ofophthalmology patients as a

control group. The distribution ofsystemic hypertension was similar among cases and

controis. More cases than controls had dispensations for corticosteroid eyedrops.

Dispensations for corticosteroid injections were similar in cases and controIs7 as were the

total number of drug dispensations in the year before the index date. A higher number of

physician claims for services had been submitted for cases in the 365 days before the index

date. Cases had been hospitalized more often than controls in the year before the index

date, but the duration of hospitalization tended to be shorter in cases than in controls.

Table 3 shows that 2.7 % of cases were current users ofglucocorticoid tablets compared

with 1.9 % ofcontrol patients~ to yield an odds ratio of 1.41 (95 % CI~ 1.22 to 1.63). The

risk ofocular hypertension or open-angle glaucoma was significantly increased only in

current users ofglucocorticoid tablets. Patients whose drug supply ofglucocorticoid

tablets ended 15 to 45 days before the index date had an odds ratio of 1. 18 (95 % CI, 0.87
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to 1.62). The odds ratio for patients whose supply ofglucocorticoid tablets ended 46 to

365 days before the index date was 0.92 (95 % CI~ 0.78 to 1.08).

[n Table 4, we observe a dose-response relationship in current users ofgIucocorticoid

tablets, with the estimated relative risk ofocular hypertension or open-angle glaucoma

increasing with the average daily dose ofglucocorticoid tablets. Patients with an average

daily dose of 1-39 mg hydrocortisone mg equivalents had an estimated relative risk of

1.25 (95 % CI~ 1.00 to 1.55) which increased to 1.40 (95 % CI, 1.10 to 1.78) for patients

with an average daily dose of40-79 mg hydrocortisone equivalents and to 1.89 (95 % CI~

.1.43 to 2.49) for patients who were taking 80 or more mg hydrocortisone equivalent.

These estimates remained similar after adjustment.

In Table 5, the relative risk ofocular hypertension or open-angle gIaucoma is seen to

increase with the duration of continuous use ofglucocorticoid tablets before the index

date. Patients who had continuously been treated with gIucocorticoid tablets for 1-2

months had an odds ratio of 1.31 (95 % CI, 0.94 to 1.82). The respective odds ratio for

patients with 3-5 months of continuous use was 1.64 (95 % CL 1.16 to 2.30) and that for

patients with 6-11 months of continuous use was 1.87 (95 % CL 1.35 to 2.60). No funher

increase in risk was seen in patients who had been continuously treated for 12 or more

months, aIthough the risk remained elevated at 1.53 (95 % cr, 1.13 to 2.05).
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2.6 Discussion

This large population based study of9.793 cases and 38,325 controls overcomes sample

size limitations ofprevious research. We were able to investigate the influence ofthe

conicosteroid dose and duration ofexposure. while simultaneously controlling for severa!

important risk factors, including age, diabetes mellitus, systemic hypertension and topical

corticosteroid application to the eye. Our results suggest that systemic glucoconicoids

increase the risk ofocular hypertension or open-angle glaucoma. We demonstrated that

the magnitude of the risk is direetly related to the steroid dose. Previous investigations of

the risk associated with the dose of systemic corticosteroid were inconclusive. One study

documented an increase in Mean intraocular pressure with increasing dose which couJd

not be confirmed in another study (18,20). For topicaI corticosteroid application to the

eye, a marked dose-response relationship has been demonstrated by Kitazawa (37).

Administration ofbetamethasone eyedrops 0.01 %, 0.02 %, 0.05 % or 0.1 % for four

weeks to subjeets known as steroid responders resulted in Mean intraocular pressure

elevations from baseline measurements of2.4, 8.1, 17.0, or 23.7 mm Hg, respectively. In

concordance with clinicai belie( we found a lower odds ratio for oral glucocorticoids than

for topicaI steroid adnùnistration to the eye, with an odds ratio of 1.72 (95 % CI, 1.55 ta

1.92) being associated with the latter exposure. However, in patients who received the

equivalent of 80 mg oral hydrocortisone per day, the risk appeared to be ofsimilar

magnitude as that observed in patients using ophthalmic steroids.

An increased risk was already apparent in the first months ofcontinuous treatment with

glucocorticoid tablets. This obseIVation is in contrast to the previous beliefexpressed by
~

sorne authors that ocuJar hypertension as a result of steroid treatment will not develop

before months and often years oforal steroid administration (28,38). This view appears to

have been derived trom a number of case reports in which steroid tablets were

adrninistered over long periods of time before patients were diagnosed with ocular

hypertension or open-angle glaucoma (13,14,17,21). The diagnosis in these cases May,

however~ have simply been missed in the early stages, due to the asymptomatic nature of

ocular hypertension and open-angle glaucoma until rate in the disease. Delayed detection
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of these conditions may therefore offer an alternative explanation for the previously

reported long exposure periods. We are aware ofat least two case reports whieh

described development ofocular hypertension within days ofadministration ofsteroid

tablets~ with normalization ofpressure values following steroid withdrawal ( 12,15). These

c1inical observations also support the notion that the required exposure period may not be

different for oral and ocular corticosteroids.

The risk was only significantly increased in patients who had received oral steroids in the

last 14 days before the index date. Patients whose drug supply ended 15 to 45 days before

the index date did no longer exhibit a significant increase in risk. This finding suggests that

the ocular pressure elevation induced by oral steroids is usually reversible within two

weeks of cessation of steroid treatment and confirms isolated clinical observations on a

large population based scale (12, 14, 15). Nonnalization ofelevated intraocular pressure

- appears to occur within the same time period that has been established for ophthalmic

glucocorticoids in a number of clinical studies in subjects with clinically normal eyes (1).

Sorne investigators have reported cases with persistent elevations of intraocular pressure

following cessation ofophthalmic glucocorticoids (2,39,40). These cases may, however,

represent open·angle glaucoma that was 'unmasked' by the use of corticosteroids (27).

Several mechanisms have been proposed by which corticosteroids may lead to intraocular

pressure elevation. The most important factor appears to be an increase in the resistance

to aqueous humor outf1ow (2,41). Severa! observations suggest the presence ofa high

concentration ofsteroid-specific receptors in trabecular meshwork ceIls that likely play a

role in the development of steroid...induced ocular hypertension (42,43). Corticosteroid...

induced ocular pressure elevations are associated with morphologie changes in the

trabecular meshwork (44,45). An accumulation of polymerized glycosaminoglycans in the

trabecular meshwork has been proposed by sorne authors, whereas others believe that

conieosteroid-induced intraocular pressure elevation is related to an increase in the

expression ofcollagen, elastin or fibroneetin in the extracellular matrix (27).

Accumulation of trabecular debris due to the suppression of phagocytosis by the

trabeeular endothelium has been put forward as another hypothesis (27).
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It has not been established whether the mechanism by which corticosteroids raise

intraocular pressure is the same for oral and ophthalmic corticosteroids (14,20).

Phannakokinetic and experimental data are compatible with a common pathogenic

mechanism for both routes ofadministration. Oral g1ucocorticoids have a high systemic

bioavailability ranging trom 70 % for betamethasone over 80 % for dexamethasone and

methylprednisolone to 98 % for prednisone (46). A considerable concentration of

systemic steroids May thus reach the eye. Studies condueted in patients undergoing

surgery for cataraet and open-angle glaucoma have demonstrated biologically relevant

concentrations ofglucocorticoids in aqueous humor (47 t 48). The observations of our

study which demonstrated a dose-response relationship for oral glucocorticoids and a

similar time pattern of onset of ocular hypertension for both routes ofadministration

would suppon the hypothesis of a common pathogenic mechanism.

Sorne issues·ofthe study design need to be addressed. Steroid-induced ocular side effeets

May present as ocular hypertension or open-angle gIaucoma, depending on the duration of

treatment and the susceptibility of the individual to the ocular hypertensive efFect (49).

Ocular hypertension used to be part of the definition ofopen-angle glaucoma and is now

considered to be the most imponant risk factor for the disease (50). The data did not

allow us to analyse ocular hypenension and open-angle glaucoma as separate outcome

events. We therefore do not know what proportion of patients treated with oral

glucocorticoids had already developed permanent damage to the optic nerve. Our case

definition pennitted us to differentiate two subgroups ofcases according to whether

glaucoma treatment had been instituted at the index date or not. We hypothesized that~ in

accordance with customary treatment praetice~ treated cases were more likely to include

patients with glaucomatous damage to the optic nerve than untreated patients~ although

sorne overlap between both subgroups cannot be excluded. We analysed the odds ratios

for both subgroups separately, regarding the subgroups as proxies for the severity ofthe

disease. The risk estimate for oral glucocorticoids was ofsimilar magnitude in both

subgroups. Patients who had received glaucoma treatment at the index date had an odds

ratio of 1.38 (95 % CI, 1.14 to 1.67), whereas the respective odds ratio in the untreated

case group was 1.43 (95 % CI. 1.18 to 1.73). These results indicate that patients who
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receive oral glucoconicoid treatment may need therapeutic intervention for the regulation

of intraocular pressure values~ be it to prevent the occurrence ofopen-angle glaucoma or

the progression of the disease.

Study patients were defined by ophthalmologist visits~ chosing the index date ofcontrols

on the basis of the date of the ophthalmologist consultation. This choice of study subjeets

was motivated by severa! considerations. One concem was the asymptomatic nature ofthe

outcome condition which makes it likely that a large portion of cases would be

misclassified as controls when chosing generaJ population controls without restriction to

those consulting ophthalmologists. Large scale population screening surveys for gJaucoma

have demonstrated that about halfofall glaucoma patients are not aware ofhaving the

disease (51,52). In Québec, patients over 40 years ofage who consult an ophthalmologist

will usually be subjeeted to routine tonometry. In chosing patients with ophthalmologist

visits as a control group, we greatly reduced the possibility that our controis were in faet

non-diagnosed cases. Sorne cases May still have been included among the controls,

because they were not properly c1assified as such in the database. If tbis had happened it

would have reduced our chance to demonstrate an increased risk, and the true odds ratio

would be higher in this c~e (53).

In our choice of study subjects we aIso had to consider that doctors May· refer steroid

treated patients more frequently to ophthalmologists for control investigations than other

patients, since systemic corticosteroids also increase the risk ofcataracts, a side effect

which is more widely acknowledged than the pressure elevating effect of systemic steroids

and which may constitute a reason of its own to refer patients for eye investigations

(31,54). Ifsystemic steroid users were more likely ta consult an ophthalmologist than

nonusers, they would have a higher chance ofbeing diagnosed as a case. Such a selection

process resulting from ditferential referral rates would lead ta an exaggerated risk estimate

for systemic steroid use. In defining all study patients as ophthalmology patients, the

concem about differential referral becomes a lesser issue.
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In our analyses, we controlled for several conditions which have been discussed as risk

factors for ocular hypertension and chronic open-angle gIaucoma, including age, gender,

systemic hypertension. diabetes meUitus, corticosteroid injections and ophthalmic steroid

use (33). Controlling for these conditions. and for variables related to previous health care

use as markers ofgeneral ill health did not materiaIly alter the results. Our reliance on

claims-based prescription data did not permit us to control for other potentiaIly important

factors, most importantly a family history ofglaucoma. We have no reason to believe that

prescription of oral steroids is associated with this risk factor.

Sorne of the diseases treated with oral glucocorticoids May be associated with an

increased risk ofocular hypertension and glaucoma. Rheumatoid arthritis, a frequent

cause for treatment with oral steroids, is associated with a slightly higher incidence of

scleritis and episcleritis than that seen in the nonnaI population and these two conditions

May occasionally lead to the development·of secondary open-angle glaucoma as a

complication ofthe disease. This May lead to an overestimate ofthe risk estimate for oral

steroids. Diagnostic coding in the database did not permit us to reliably separate

rheumatoid arthritis from degenerative joint diseases and to arrive at separate risk

estimates for both conditions to address the above concern. Instead, we estimated the risk

ofocular hypertension or open-angle glaucoma in patients who had received systemic

steroid treatment for asthma, chronic obstructive bronchitis and related pulmonary

problems, since these conditions are usually not associated with an increased risk of eye

diseases. The odds ratio in these patients was 1.39 (95 % CI, 1.02 to 1.89) and thus of

similar magnitude as that observed in ail patients on oral glucocorticoids.

What implications should the results ofour study have for clinical practice? In patients

requiring prolonged oral glucocorticoid therapy periodic monitoring of intraocular

pressure appears warranted, as such treatment may contribute to the development of

ocular hypertension. Based on our results, a first tonometry would appear appropriate a

few weeks after institution of steroid treatment, especially in patients requiring high doses

oforal steroids. Similar control recommendations have been given by ophthalmologists

for the extended use oftopical steroids to the eye (11,27.55). In the case ofthese topical
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steroid preparations the prescription is frequently given by ophthalmologists who are

aware of the associated ocuJar risks of these agents. In contrast, systemic steroids are

predominantly prescribed by other specialists and general praetitioners who may be more

concemed with other systemic side effects of these drugs. The results of this study should

alert physicians to the potential ocuJar side effects oforal steroid treatment. While the

intraocular pressure elevation caused by corticosteroids is usuaJly reversible~ the damage it

can produce is not (56).
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• Table 1. Oral Glucocorticoids: Relative Potency and Current Use by Cases and
Controls*

Agent

Conisone
Hydrocortisone
Prednisone
Prednisolone
Triamcinolone
Methylprednisolane
Dexamethasone
Betamethasone
At least one
glucoconicoid

Relative Cases Controls
Potency (0=9,793) (0=38,325)

0.8 12 25
1.0 2 6
4.0 243 665
4.0 2 4
5.0 0 ~

.J

5.0 1 10
25.0 1 11
25.0 ~ 7.J

264 729

(

*Subjects may have been exposed ta more than one glucocorticoid preparation
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• Table 2. Characteristics of Cases and Coatrols*

Charaeteristic

CASES
-1.

(n=9,793)

CONTROLS
-/0

(n=38.325 )

Age
65-69 23.5 25.7
70-7~ 29.7 29.5
75~ 38.9 36A
~85 8.0 8-~

Gender
Male 34.5 3i.9
FemaJe65.5 62.1

Diabetes treated \\ith
Oral antidiabetics 10.5 ILl
Insulin 2.4 2.9

SysteÏnie hypenension 56.8 55.7

Health ca.re utilization in
the 365 days preceding the
inde."{date

No. of prescriptions
~15 33.9 3-1-.6
16 - 30 22.5 21.6
>30 43.6 43.8

No. of physician claims
~IO 38.5 4 lA
11-20 33.7 30.6
> 20 27.8 27.9

No. ofdays hospitalized
0 64.7 67.9
1-15 28.5 .,....

-~.~

> 15 6.8 8.8

Dispensation ofophthalmie glucoconicoids
current 5.3 3.1
former 7.3 5.3
no 87.4 91.6

Dispensa.ùon of glucoconicoid injections
current 0.2 0.2
former 1.9 1.9
no 97.9 97.9

( • Pcrcen13gcs may not equaJ 100 due to rounding.
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Table 3. Odds Ratios of OeWar Hyperteosioo or Open-Angle Glaueoma .-\ecording
to Recency of Oral Glueoeortieoid Use

Cases Cootrols Crude Adjusted*
Use (~o) (-lé) Odds Odds 95%
Category (0=99793) (0=38.325) Ratio Ratio a

Nonusers 94.9 95.7 1.00 1.00

1-14 days 2.7 1.9 1.43 lAI 1.22-1.63

15-45 days 0.5 0.4 1.21 l.18 0.87-1.62

46-365 days 1.9 2.0 0.95 0.92 0.78-1.08

• Adjusted for age, gender, diabetes mellitus, systemic hypertensio~ ophthalmic
glucoconicoids, glucocorticoid injections, number ofprescriptions. number of physician
daims, and hospitalization during the last year before the index date
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Table 4. Odds Ratios of Ocular Hypertension or Open-Angle Glaucoma According
to Average Daily Dose ofOnl Glucocorticoids (in Hydrocortisone mg Equivalents)*

Cases Controls Crude Adjusted**
Dose, (%f (%f Odds Odds 950/.
mglday (n=9,793) (0=38,325) Ratio Ratio CI

0 94.9 95.7 1.00 1.00

1-39 1.2 0.9 1.25 1.26 1.01-1.56

40-79 0.9 0.6 1.40 1.37 1.06-1.76

80 + 0.7 0.4 1.89 1.88 1.40-2.53

* Exposed cases and controis are only current users ofglucocorticoid tablets

- Percentages do not add up to 100, because former users (2.4 % of cases and 2.4 % of
controIs) are exciuded from this analysis

** Adjusted for age, gender, diabetes mellitus, systemic hypertension, ophthalmic
glucoconicoids, glucocorticoid injections, number of prescriptions, number ofphysician
cIaims, and hospitalization during the last year before the index date
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Table 5. Odds Ratios of Ocular Hypertension or Open-Angle Glaucoma According
to Duration ofContinuous Use of Oral Glucocorticoids

Duration of Cases Controls Crude Adjusted+
Cootinuous (%) (%) Odds Odds 950/.
Use (MODths)* (n=9,793) (0=38,325) Ratio Ratio CI

Nonusers 94.9 95.7 1.00 1.00

No continuous use 3.0 3.0 1.00 0.98 0.86-1.12

Duration of use:
1-2 0.5 0.4 1.31 1.29 0.93-1.80

3-5 0.5 0.3 1.64 1.63 1.16...2.30

6-11 0.5 0.3 1.87 1.87 1.34-2.60

12 (+) 0.6 0.4 153 1.52 1.13-2.05

* In current users oforal glucocorticoids

... Adjusted for age, gender, diabetes mellitus, systemic hypertension, ophthalmic
gIucocorticoids, glucocorticoid injections, number ofprescriptions, number of physician
claims, and hospitalization during the last year before the index date
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CHAPTER3

INHALED AND NASAL GLUCOCORTICOIDS

AND THE RISKS OF

OCULAR HYPERTENSION OR OPEN-ANGLE GLAUCOt\'1A
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3.1 Preface to the Manuscript

This manuscript presents the results ofthe second pan of the study which examines the

risk ofocular hypertension or open-angle glaucoma after exposure to inhaled and nasal

glucocorticoids. Published case reports which suggest an increased risk for these two

exposures were described in the introduction section of the thesis. This section aJso

outlines the importance and increasing use of inhaled glucocorticoids in the treatment of

asthma and describes the treatment indications for nasal glucocorticoids.

The introduction of the manuscript presents the case reports following administration of

inhaled and nasal glucocorticoids in the context of the increasing use of these drugs and

their propensity to cause systemic effects. The methodology used to study the risk for

either route ofadministration does not differ in an important way from that described in

the previous manuscript. The definition ofcases and contrais remains the same and

exposure to either route is also investigated with respect to the dose and duration of

treatment. However, unlike the case oforal glucocorticoids, the etfect of the dose of

inhaJed or nasal glucocorticoids cannat be studied by converting each prescription into

hydrocortisone-equivaJent milligrams, since equivalent potencies have not been established

for these routes ofadministration. Instead, we categorized the dose based on dose

recommendations published by manufaeturers and in the Medical literature. Exposure ta

oral glucocorticoids for which an increased risk bas been shawn in the previous

manuscript DOW serves as an adjustment variable in the analysis.

The results for the exposure ta these two forms ofgJucocorticoids are discussed in view

of findings from pharmacologie studies. Certain aspects of the study design and limitations

of the data are discussed.
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This anicle will be submitted for publication and should be quoted as follows:

Garbe E, LeLorier J, Boivin JF, Suissa S. Inhaled and nasal glucocorticoids and the risks

ofocular hypertension or open-angle glaucoma. Unpublished manuscript. Montreal:

Department ofEpidemiology and Biostatistics.. McGiII University. 1996.
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3.2 Abstl'act

Objective: To determine whether the use ofinhaled and nasal gIucocorticoids is

associated with an increased risk ofocular hypertension or open-angle glaucoma.

Design: Case-control study.

Setting: Quebec universal health insurance program for ail elderly (RAMQ database).

Patients: RAMQ enrollees aged 66 years and oider. The 9,793 cases were ophthalmology

patients with a new diagnosis ofborderline glaucoma or open-angle glaucoma or were

newly staned on treatment for ocular hypertension or glaucoma between 1988 and 1994.

The 38,325 controls were randomly selected among noncases who consulted an

ophthalmologist in the same month and year as the case.

Main Outcome Measures: The odds ratio of ocular hypertension or open-angle

glaucoma was determined in patients using inhaled or nasal glucocorticoids relative to

nonusers, using conditionallogistic regression analysis. The odds ratio was adjusted for

age, gender, diabetes mellitus, systemic hypertension, current use of ophthalmic and oral

glucocorticoids and charaeteristics ofhealth care system use in the year before the index

event.

Measurement and Main Results: Current dispensations of inhaled and nasal

glucocorticoids regardless of dose or duration ofuse were not associated with an

increased risk ofocular hypertension or open-angle glaucoma. The adjusted odds ratio

was 1.02 (95 % CI, 0.89 ta 1.18) for inhaled steroids and 1.08 (95 % CI, 0.88 ta 1.33) for

nasal steroids. Patients who had received high doses ofinhaled steroids for the last three

or more months before the index event presented an increased risk, with an odds ratio of

1.44 (95 % CI, 1.01 to 2.06).

Conclusion: Prolonged administration ofhigh doses of inhaled glucocorticoids MaY

increase the risk ofocular hypertension or open-angle glaucoma. This finding is consistent

with pharmacologie data which indicate the possibility of systemic effeets for high doses

of inhaled glucocorticoids and suggests that in these patients intraocular pressure control

May be warranted.
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3.3 Introduction

The deve!opment of highiy patent. copicaIly active corticosteroids has enabied patients to

henent fram the therapeutic etfeas ofcorticosteroids while minimizing undesirable

svstemic effects. Use ofinhaled 2lucocorricoids has markedlv increased in the. - .
management ofasthma (1.1). tàllowing guideHnes which advecate earlier use of

antiintlamrnatory agents in th~ course of the disease (3). Nasal steroids have emerged as

another important copical route of Steroid administration. They have broad applications in

the treannent of many types oi rhinitis. meS{ importanrly in mose ofatopic ongin (4,5). It

has been estimated that in excess ofeight million prescriptions were written worldwide for

nasal steroids in 1993 (6).

In comparison with oral corticosteroids, topical corticosteroids have fewer and milder side

efÏeas overall Ci). Side efÏeas may Oc~.lr at the site ofaction or result ftam systemic

absorption of the drugs. Inhaled and nasal steroids may be absorbed from the nasal

mucosa and oropharynx, trom the gut after swallowing, as wel1 as from the lungs.

Corticosteroids absorbed from the oropharynx, nasal mucosa and the lungs bypass first

pass metabolism in the liver, resulting in reduced hepatic metabolic degradation ofthe

active compound. For the amount absorbed, the propensity to cause systemic effects is

comparable to that of an intravenous injection.

In recenty~ increasing concern has been expressed over possible systemic side effects

of inhaJed and nasal steroids~ following a trend to prescnèe higher doses of these drugs

(4,8~9). Two recent case reports have suggested that systemic absorption ofinhaled and

nasal gIucocortiocoids may lead to ocu1ar hypertension and open-angle glaucoma (6~10).

Ocu1ar hypertension and open-angle glaucoma are weU-characterized side effeets of

topical ophthalmic glucocorticids, with the majority of cases resulting trom mis route of

steroid administration (11,12). Other routes ofcorticosteroid administration have also

been associated with ocular hypertension and open-angle glaucom~ including oral

glucocorticoids. periocular steroid injections and corticosteroid creams, lotions or

ointments placed on the eyelids. t'ace, or even remote sites ( 11).
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In this study~ we investigate whether use of inhaled and nasal steroids is associated with

an increased risk ofocuJar hypertension or open-angle glaucom~ using a large-scale

epiderniologic design. The following questions will be addressed by our study: Are

patients using inhaIed or nasal conicosteroids at an increased risk ofdeveloping ocular

hypertension or open-angle glaucoma and if 50, how large is the risk compared with

subjects not using these drugs? Ooes the risk vary according to dose or duration ofuse of

inhaled or nasal glucocorticoid?

3.4 Afethods

Sources of Data

'Ne condueted a case-control study among the elderly population in Québec for the years

1987 to 1994, using data from the provincial health insurance plan database which covers

the cost ofprescription clrugs and medicaJ services for ail individuais 65 years ofage or

older. In Québec, prescription claims are filed to the Régie de l'assurance maladie du

Québec (RAL\-IQ), the government body responsible for medicare registration and the

payment ofprescription claims and physician services. Orthe estimated 770,925 elderly in

Québec, over 750,000 were registered with the R.A!\-IQ in 1990 (13). Prescription claims

data in the database have recently been validated and shown to be fairly accurate and

comprehensive (13). Data in the records include information on the patient's gender and

age, Medication use, medical procedures, diagnoses, and the specialty of the physician

who directs the claim to the RAMQ. The prescription data contain information on all

prescriptions tilled by Medicare recipients, including the drug name, dispensation date, the

dosage form and prescribed dose, treatment duration and quantity ofdrug dispensed.

Drugs dispensed to patients during stay in hospitals or nursing homes are not included in

the database. Information on diagnostic and therapeutic procedures whether performed in

a hospital or in an office is also listed in the database. Diagnoses are coded according to

the International Classification ofDiseases, Ninth Revision (ICD-9) (14). Each patient in

the database has a unique identification number which is encrypted to protect
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confidentiality when the files are used for research. Two subsets of the RAMQ database

were used for case and control selection: a 10 % random sample from 1987 to 1994 and a

20 % random sample from 1990 to 1992. Duplicates were eliminated from the latter

sample.

Case Selection

Cases were RAMQ enrollees aged 66 years or older who consulted an ophthalmologist

and either had a diagnosis ofocular hypertension or open-angle gIaucoma or received

Medical or surgical treatment for these conditions. The index date for the case was defined

as the first ofthese case defining events. Ifa case was defined by a prescription of

glaucoma treatment and the prescription was not filled on the same day as the visit to the

prescribing ophthalmologist.. the day of the visit to the ophthalmologist was set as the

index date. Medication for ocular hypertension and glaucoma included topical

betablockers.. topical parasympathomimetics, topical alpha agonists and carboanhydrase

inhibitors. The following four-digit rCO-9 diagnoses were employed in the case definition:

Borderline glaucoma (including the diagnosis of ocuIar hypenension), open-angle

gIaucoma and unspecified gIaucoma (lCD-9 codes 365.0, 365.1 and 365.9). To quaIify as

new or incident case ofgIaucoma, subjeets were required to have been enrolled in the

database for at least one year without having had a diagnosis ofocular hypertension or

gIaucoma or having received treatrnent for these conditions.

Control Selection

ControIs were randomly selected among ail noncases in the database who were visiting an

ophthalmologist. Like cases, controls were required to have been enrolled in the database

for at least one year to become eligible as a control. The day of the visit to the

ophthalmologist was set as the index date. Four controls were matched to each case on

the index month and year of the case to account for seasonal and secular trends in

medications.
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Patients with a diagnosis ofangle-closure gIaucoma or secondary glaucomas were

excluded from the case and control groups.

Glucocorticoid Exposure

We identified all prescriptions for inhaled and nasal glucocorticoids that had been filled by

cases and controls in the year before the index date and studied the risk ofcurrent

exposure for both routes ofadministration. We defined current exposure as a drug supply

which continued into the 14-day period before the index date. To investigate the exposure

to inhaled and nasal steroids according to dose~ we calculated the average daily dose of

inhaled and nasal steroids by dividing the total quantity (in f.lg) by the days of supply for

that prescription. The average daily do~e ofthe most recent prescription before the index

date served to categorize use of inhaled and nasal steroids into either low-to-medium or

high dose exposure, based on dose recommendations in published articles which often

exceed those given by phannaceutical manufaeturers (3,7,15,16). The following average

daily doses were used to define high dose exposure for different inhaled corticosteroid

preparations listed on the provincial drug formulary: equal to or more than 1,600 J.lg of

beclomethasone, budesonide or triamcinolone or 1,500 f.lg offlunisolide. For nasal

corticosteroids, the following average daily doses defined high dose exposure: more than

200 f.lg of tluticasone or flunisolide and more than 400 J,Lg ofbeclomethasone~budesonide

or triamcinolone (16). Doses of inhaled and nasal steroids below these limits were

c1assified as low-to-medium dose exposure. To study the risk of prolonged exposure, we

funher examined the risk in patients who had used inhaled or nasal steroids continuously

for the last three or more months before the index date. For inhaled steroids, we

investigated the risk of high-dose continuous exposure by analysing patients who had

received high doses of inhaled steroids for at least three months before the index date.
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Covariates

Covariates included agey gender. systernic hypertension, diabetes mellitusy current

exposure to ophthaJmic and oral glucocorticoids, and charaeteristics of health care system

use in the year before the index date. Old agey systemic hypertension and diabetes mellitus

have a1I been described as risk factors for the development ofocular hypertension and

open-angle glaucoma (I 7y 18). Systemic hypertension was defined by filling a prescription

for the following antihypertensive medications before the index date: thiazide diuretics,

eentrally acting antiadrenergie agents, peripherally acting antiadrenergic agentsy 13

adrenergic blockersy angiotensin converting enzyme inhibitors, calcium channel blockersy

and vasodilators. Although sorne of these drugs are also used in the treatment ofother

diseasesy the resulting degree ofmisclassmcation by that definition is assumed to he at

Most moderate (19). We defined diabetes mellitus by any use oforal hypoglycemic

therapy or insulin before the index date. We investigated the following hçalth care system

use eharaeteristics in the year before the index date as markers for general ill health:

number of prescriptions filled for a1l drugs, number of patient-specifie physician daims for

services, and number ofdays hospitalized.

Statistical Analysis

The relative risk for ocular hypertension or open-angle glaueoma for each exposure group

was estimated from odds ratios caIculated by conditionallogistic regression using the SAS

PHREG program (20). We eonstructed individual models eharaeterizing patients

aceording to dose and continuous use of inhaled and nasal steroids. AIl models

simultaneously controlled for the demographic and other health care utilization

charaeteristics as weil as for the other covariates just listed. For these analyses, the

reference category was the absence ofexposure to inhaled and nasal glucoconicoids.

Two-tailed p values less than .05 were considered significant and 95 % confidence

intervals were calculated for ail relative risks.
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3.5 Results

We identified 22, 707 patients who had received a diagnosis or treatment for ocular

hypertension or glaucoma. Of those~ 1,165 did not fulfill the inclusion criterion of

consulting an ophthalmologist and 11,260 did not meet the eligibility criterion ofbeing in

the database for at least one year before the index event. A diagnosis ofangle-closure and

secondary open-angle glaucoma led to the exclusion of another 485 patients. Another four

patients were excluded because information on age was not available, leaving a final case

group of9,793 patients. Ofthose, 4,720 patients received medical treatment and 70

patients a laser trabeculoplasty at the index date, whereas the remaining 5,003 cases were

identified by a diagnosis, but did not receive treatment. For selection of controls, we

identified 69,556 noncases who had visited an ophthalmologist one year after their entry

into the database. After the exclusion ofcontrols with incomplete information and

matching on the index month and year of the case, the final control group included 38,325

patients.

Characteristics of cases and contrais are summarized in Table 1. Cases were more Iikely

to be females and tended to be slightly older than controls. More contrais had been

treated for diabetes mellitus refleeting the choice ofophthalmology patients as a control

group. Systemic hypenension was similarly distributed among cases and controls. More

cases than controls had dispensations for glucocorticoid eyedrops and glucocorticoid

tablets. The total number of drug dispensations in the year before the index date was

similar for cases and controls. A higher number of physician claims for services had been

written for cases in the year before the index date. Cases had been hospitalized more often

than contrais during that time period, but the duration of hospitalization tended to be

shorter in cases than in controls.

Table 2 lists the different inhaled and nasal glucoconicoids on the provincial drug

formulary and shows the frequency ofcurrent use for cases and controls. We did not find

an increased risk of ocular hypertension or open-angle glaucoma in patients with current

exposure ta inhaled or nasal steroids. 2.9 % ofcases and 2. 7 ~tQ of contrais had been
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prescribed inhaled steroids at the index date, yielding an adjusted odds ratio of 1.02 (95 %

CL 0.89 to 1.18). Exposure to nasal steroids was markedly lower for cases and controls,

with current exposure in ooly 1.2 % of cases and 1. 1 % ofcontrols, resulting in an

adjusted odds ratio of 1.08 (95 % CI, 0.88 to 1.33).

About 50 % ofail patients with current prescriptions for inhaled glucocorticoids had been

subjected to high doses at the index date (Table 3). In the unadjusted analysis, high dose

use of inhaled steroids was a1most signifieant in increasing the risk with an odds ratio of

1.21 and a lower confidence bound of 1.00. Simultaneous adjustment for ail covariates

slightly decreased the odds ratio for high dose exposure with an odds ratio of 1.15 (95 %

CI, 0.94 to 1.39). Low -to-medium dose use ofinhaled steroids was not associated with

an inerease in risk with an adjusted odds ratio of0.93 (95 % CI, 0.77; 1.12). The risk was

also not elevated in patients who had used high doses ofnasal steroids at the index date

(Table 4).

The risk of oeular hypertension or glaucoma was significantly increased in patients who

had used high doses of inhaled gIucocorticoids continuously for the last three months or

longer. The adjusted odds ratio forthis group of patients was 1.44 (95 % CI, 1.01 to

2.06) (Table 5). In contrast, no increase in risk was observed in patients who had

continuously used low-to-medium doses of inhaled steroids. The odds ratio in this group

of patients was 0.97 (95 % CI, 0.84 to 1.13).

Continuous use of nasal steroids was relatively rare in our study sample, with ooly about

0.2 % of patients exposed to nasal steroids continuously for the last three or more months

before the index date. Twenty-one study patients had had high-dose continuous exposure

to nasal steroids, a number too small ta arrive at stable statistical estimates for high-dose

continuous use. We therefore ooly analysed continuous use of nasal steroids regardless of

dose. For this use category, there was no indication ofan inerease in risk, with an adjusted

odds ratio of 1.02 (95 % cr, 0.59 to 1.77) (Table 6).
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3.8 Discussion

It has long been recognized that high doses of inhaIed glucocorticoids may cause systemic

effects (8,9). The results ofour study suggest that prolonged continuous use ofhigh doses

of inhaled glucocorticoids may increase the risk ofocular hypertension or open-angle

glaucoma. Both factors.. high dose administration and prolonged continuous duration of

use had to he present in order to elevate the risk. No significant increase in risk was

observed in continuous users of low-to-moderate doses of inhaled steroids or in current

users ofhigh doses regardless of the duration ofhigh-dose administration. For ophthalmic

steroids, dose and duration of use have equally been characterized as important factors in

the risk ofocular hypertension. It has been demonstrated in prospective clinical trials that

ophthalmic steroids must often be administered over weeks before ocular hypertension

develops and that with increasing ophthalmic steroid dose, the intraocular pressure

elevation becomes more pronounced (11,12,21).

We defined high-dose use of inhaled steroids as an average daily dose ofat least 1.. SOO J.lg

offlunisolide or 1,600 J.lg of the other inhaled steroids on the provincial drug fonnulary. A

number of studies have tried to establish which doses ofdifferent inhaled steroid

compounds may be associated with a risk of systemic effeets. These studies have often

measured adrenocorticaI suppression as a marker ofsystemic effects (22-25). A recent

review ofthese studies concluded that doses of l,SaD J.lg per day or less in adults appear

to have tinle if any effect on pituitary-adrenaI funetion (8). The results ofour study

support this finding, measuring ocular hypertension and open-angle glaucoma as clinical

endpoints.

We did not observe an elevated risk of ocular hypertension or open-angle glaucoma after

high dose use of nasal steroids. Nasal steroids are usuaJly administered in much smaller

doses than inhaled steroids.. and a lower risk ofsystemic side effects may be anticipated by

their smaller doses. Recommended doses for intranasal administration usually do not

exceed 400 J.lg per day, whereas inhaled steroids are recommended in doses up to 1,500
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to 2,000 J,lg per day (15,16,26,27). Even though ditferent amounts ofsteroids may be

absorbed trom the lungs and trom the nasal mucosa, the difference in absorption trom

these tissues appears to be less pronounced than the difference in the doses administered.

For tlunisolide, the systemic bioavailability has been determined to be 39 % after

inhalation and 49 % after intranasal administration, respectively (26).

Continuous use ofnasal steroids for three or more months before the index date was not

associated with any increase in risk ofocular hypenension or open-angle glaucoma. This

finding is in accordance with pharmacodynamie studies investigating the impact of

prolonged exposure to nasal steroids on pituitary-adrenal function which have shown that

intranasaJ administration offlunisolide, for periods of up to six months, and fluticasone or

budesonide, for periods of up to twelve months, are not associated with suppresion of

adrenal function (26-28). In our study sample, only a small number of patients were

continuously exposed to nasal steroids. This was not unexpeeted, since seasonal allergie

rhinitis, one of the main indications for nasal glucoconicoids, usually requires steroid

administration ooly over limited periods of time. As a result of the low number of

continuous users, we could not investigate the risk for high dose continuous use ofnasal

steroids and consequentJy, can not rule out an increased risk for this use category.

It is generally believed that gIucocortieoids raise the intraocular pressure by increasing the

resistance to aqueous humor outflow (29-31). Trabecular meshwork cells contain a high

concentration of steroid-specific receptors that likely play a role in the development of

steroid-induced oeular hypertension (32,33). Histopathologie studies have demonstrated

morphologie changes in the trabecular meshwork ofeyes with corticosteroid-induced

ocular hypenension (34,35). Several theories have been proposed to explain the

morphologie changes in the trabecular meshwork. Sorne authors have suggested that

corticosteroids inhibit the metabolism ofglycosaminglycans, leading to an accumulation of

polymerized glyeosaminoglycans in the trabecular meshwork (31). Others believe that the

corticosteroid-induced intraocular pressure elevation is related to an increase in the

expression of collagen, elastin or fibronectin in the extracellular matrix (1 1).

72



•

(

Sorne issues ofthe study design need to be addressed. Our reliance on claims-based

diagnostic and prescription data did not permit us to distinguish patients with ocular

hypenension from those with open-angle glaucoma or allow us to analyse both conditions

as separate outcome events. It is known trom numerous case repons that prolonged

steroid-induced intraocular pressure elevations May result in serious glaucomatous

damage to the optic nerve (36-41). Ouration ofsteroid exposure and susceptibility of the

individual ta the ocular hypenensive response appear to be imponant factors wbich

contribute to the clinical presentation as either ocular hypertension or open-angle

glaucoma (42). The distinction between both outcome conditions appears to be ofminor

irnponance for recommendations concerning the ophthalmologic monitoring ofsteroid

treated patients. Patients with either condition will usually need ophthalmologic follow-up,

either to decide whether g1aucoma treatment should be initiated or to monitor treatment

etfeetiveness.

Only patients who consulted an ophthalmologist were included in the study. One

imponant consideration in tbis choice of study subjects was the prolonged asymptomatic

course of the outcome conditions. It is known from large scale population screening

surveys for glaucoma that about halfofail patients with open-angle glaucoma are not

aware of the presence of the disease (43,44). Case patients will usually be ophthalmology

patients. Ifcontrais were selected as general population controls regardless of

ophthalmologist consultations, they might in fact include a considerable number of

nondiagnosed cases. In defining control patients by ophthalmologist visits, such

misclassification will be of lesser concern, since elderly patients who consult an

ophthalmologist will usually routinely have their intraocular pressure measured. Sorne

cases may still have been included among the controls, because they were not properly

classified as such in the database. If this happened, it reduced our chance ofdemonstrating

an increased ris~ and the true odds ratio is then higher than the estimates we obtained.

ln our choice of study subjects we had also to account for the fact that seasonal allergie

rhinitis is often accompanied by eye symptoms, such as itching. erythema and tearing of

the eyes. Il cao therefore be expected that a considerable number of patients with seasonal
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a1lergic rhioitis also consult an ophthalmologist because oftheir ocular symptoms. Sînce

seasonal allergie rhioitis is often treated with nasal conicosteroids, patients receiving these

drugs may have a higher ehance of referral to an ophthalmologist than general population

controls. especially since nasal steroids provide little or no benetit against eye symptoms

(15.26). A higher referral rate to ophthalmologists for nasal steroid users May exaggerate

the risk estimate for nasal steroid use, sinee patients with ophthalmologist consultations

have a higher chance of being deteeted as a case. In defining our study sample by

ophthalmologist visits. we avoid this bias which could result from differential referra1 rates

to ophtha1mologists.

Controls were matched to cases on the index month and year of the case to allow for

seasonal and secuIar trends in disease and Medication use. Taking calendar time ioto

account is of obvious importance in the risk estimate for nasal steroids, since these drugs

are frequently used to treat seasonal allergic rhinitis. Asthma patients May equally suifer

from seasonal exacerbations of their disease, since asthma is often aggravated by lower

airway infection, air pollution and cold air. By matching on calendar time, we aIso

acounted for the marked change which has occurred in asthma treatment during the eight

year study period. InhaIed steroids are now being recommended at a much earlier stage in

the course of the disease, and consequently, are used more frequently (1,2,45).

We controlled in our analysis for severa! factors which have been discussed as risk factors

for ocular hypertension and open-angle glaucoma, including age, gender, systemic

hypertension, diabetes mellitus, ophthalmic steroids and steroid tablets. We could not

adjust for other possible risk factors as e.g. a family history ofopen-angle gIaucoma or

severe myopia, since information about these conditions could not be obtained from the

database. However, we have no reason to believe that prescriptions ofinhaIed or nasal

corticosteroids are associated with these factors and therefore do not expeet confounding

of the results by these variables.

The results of our study should alert physicians to the possibility that inhaled steroids may

cause ocular hypertension and open-angle glaucoma. especially when they have been
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administered in high doses over extended periods of time. The use of these dr-lgs should

be routinely questioned in newly diagnosed cases ofocular hypertension and open-angle

glaucoma. Ifpatients receive high doses ofinhaJed steroids over several months, oeular

pressure should be monitored. Further research is needed to investigate the clinical course

ofocular hypertension and open-angle glaucoma associated with inhaled glucocorticoids.
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• Table 1. Characteristics of Cases and Controls·

CASES, CONTROLS
0A. %

Characteristic (0=9,793) (n=38,325 )

Age
65~9 23.5 25.7
70-74 29.7 29.5
75-84 38.9 36.4
~85 8.0 8.4

Gender
Male 34.5 37.9
Female 65.5 62.1

Diabetes treated with
Oral antidiabetics 10.5 11.1
Insulin 2.4 2.9

Systemic hypenension 56.8 55.7

Health care utilization in
the 365 days preceding the
index date

No. of prescriptions
~15 33.9 34.6
16 - 30 22.5 21.6
>30 43.6 43.8

No. of physician claims
~10 38.5 41.4
11-20 33.7 30.6
> 20 27.8 27.9

No. ofdays hospitalized
0 64.7 67.9
1-15 28.5 23.3
> 15 6.8 8.8

Current dispensations of
Glucoconicoid eyedrops 5.3 3.1
Glucocorticoid tablets 2.7 1.9

(
* Percentages may oot equal 100 due to rounding
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• Table 2. Current Use of lohaled and Nasal Glucocorticoids by Cases and Controls·

Agent

Inhaled
Beclomethasone
Flunisolide
Budesonide
Triamcinolone
At least one inhaled glucocorticoid

Nasal
Beclomethasone
Flunisolide
Budesonide
Triamcinolone
Fluticasone
At Ieast one nasal glucoconicoid

Cases CODtrols
(0=9,793) (n=38.325)

219 848
2 5

61 181
2 1

281 1029

80 298
22 79
Il 25
2 13
1 - 9

114 422

(

* Subjeets may have been exposed to more than one glucocorticoid preparation
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Table 3. Odds Ratios of O~ularHypertension or Open-Angle Glaucoma A~cordiDg

to Dose of Inbaled Gluco~orticoids*

Cases Controls Crude Adjusted'"
Dose (%) (0") Odds Odds 95%

(0=9,793) (0=38,325) Ratio Ratio CI

0 97. L 97.3 1.00 l.00

Law-medium dose l.4 l.5 0.95 0.93 0.77-1.12

Highdose 1.4 1.2 1.21 1.15 0.94-1.39

* Exposed cases and controls are only current users of inhaled gIucocorticoids

- Adjusted for age~ gender, diabetes mellitus~ systemic hypenensio~ use of ophthalmic~ _
oral and nasal glucocorticoids, number of prescriptions, number ofphysician claims~ and
hospitalization during the last year before the index date
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Table 4. Odds Ratios of Ocular Hypertension or Open-Angle Glaucoma According
to Dose of Nasal Glucocorticoids·

Cases Controis Crude Adjusted·
Dose (°At) (%) Odds Odds 95%

(0=9,793) (0=38,325) Ratio Ratio a

0 98.8 98.9 1.00 1.00

Low-medium dose 0.7 0.6 1.11 1.14 0.86-1.51

High dose 0.5 0.5 1.00 1.02 0.74-1.39

• Exposed cases and controis are ooly current users ofnasal glucocorticoids

- Adjusted for age, gender, diabetes mellitus, systemic hypertension, use ofophthalmic,
oral and inhaled glucocorticoids, number ofprescriptions, number ofphysician claims, and
hospitalization during the last year before the index date
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Table 5. Odds Ratios of Ocular Hypertension or Open-Angle Glaucoma for
Continuous* Use or Inhaled Glucocorticoids According to High...Dose9 Low-to
Medium Dose or No Continuous Use

Characteristics Cases Controls Crude Adjusted+
Of (%) (%) Odds Odds 95%
Use (n=9,793) (n=38~25) Ratio Ratio CI

Nonusers 97.1 97.3 1.00 1.00

Continuous use:
none 1.4 1.3 1.05 1.00 0.82-1.21

low-to-medium dose 1.1 1.1 0.97 0.95 0.77-1.19

high dose 0.4 0.3 1.52 1.44 1.01-2.06

·Continuous use for at least three months before the index date

- Adjusted for age, gender, diabetes mellitus, sytemic hypertension, use ofophthalmic,
oral and nasal glucoconicoids, number ofprescriptions, number of physician claims, and
hospitalization during the last year before the index date
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Table 6. Odds Ratios for Ocular Hypertension or Open-Angle Glaucoma According
to Continuous· Use or any Other Use of Nasal Steroids

Cbaracteristics Cases Controls Crude Adjusted+
Of (%a) (%) Odds Odds 95%
Use (n=9,793) (n=38~25) Ratio Ratio CI

Nonusers 98.8 98.9 1.00 1.00

Any use 1.0 0.9 1.06 1.09 0.87-1.37

Continuous use 0.2 0.2 1.01 1.02 0.59-1.77

* Continuous use for at least three months before the index date

+ Adjusted for age, gender, diabetes mellitus, systemic hypertension, use ofophthalmic,
oral and inhaled glucocorticoids, number of prescriptions, number ofphysician daims, and
hospitalization during the last year before the index date
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CHAPTER4

CORTICOSTEROfDS AND THE RISKS Of

OCULAR HYPERTENSION OR OPEN-ANGLE GLAUCOMA.

METHODOLOGIe CONSIDERATIONS IN THE CONTEXT

OF A DATABASE CASE-CONTROL STUDY
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4.1 Preface to the Afanuscript

This manuscript presents in further detail Methodologie considerations in the design of the

study, sorne of which have already been diseussed ta sorne extent in the previous

manuscripts.

One important methodologic issue was the selection ofappropriate contrais, i.e., the

identification of the pertinent study base. As we diseussed before, we deliberately chose

controls among ophthaJmology patients and not among aIl patients in the database in

arder to avoid misclassification and selection bias. In this third part of the study, a second

group ofcontrols was chosen randomly among ail patients in the database to empirically

investigate the previously discussed concems about bias. Risk estimates for the exposure

to oral, inhaled, nasal and ophthalmic glucocorticoids are presented comparing exposure

in cases with that in the two control groups. Differences in these estimates are discussed

in view of the conditions leading to bias. A database can provide an interesting tool to

empirically investigate concems about bias resulting from the choice ofcontrols, since a

second control group can be seleeted within a database at hardly any extra cost (apart

from that resulting from extra programming time).

Other biases which will be discussed include confounding by indication and reverse

causality bias. Use of the database will be ilIustrated to a1so further explore sorne of these

concems for bias.

This article will be submitted for publication and should be quoted as fol1ows:

Garbe E, Boivin IF, LeLorier J, Suissa S. Glucocorticoids and the risk ofocular

hypertension or open-angle glaucoma. Methodologie considerations in the context ofa

database case-control study. Unpublished manuscript. Montreal: Department of

Epidemiology and Biostatistics, 1996
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4.2 Abstract

In database case-control research" contrais are often chosen in a way that they represent a

random sample ofail noncases. This choice ofcontrols is intended to guard against

selection bias. Data trom a case-control study are presented to demonstrate that such a

definition ofcontrols May lead to selection bias under two conditions: (1) if the target

disease has a prolonged asymptomatic clinicai course and its detection depends on a

specifie physieal examination and (2) if exposed patients have a higher likelihood of

having the disease deteeted than unexposed patients. This paper aIso ilIustrates that a

computerized database eao be usefuI to explore empirieally opponunities for bias. In the

context of the study, bias resulting from the selection ofcontrols was investigated, and

other forms ofbias, such as confounding by indication and reverse causality bias, are

addressed.

4.3 Introduction

Large administrative health databases constitute an important tool in

pharmacoepidemiologic research. They allow for study of the utilization and effects of

drugs in large populations at limited cost and in reasonable time. Such databases have

provided useful information about the magnitude ofdrug-related risks in the

postmarketing surveillance ofdrugs. Their use complements safety infonnation from

premarketing clinical trials, since drug-related risks cao be studied in the general

population without the often strict inclusion criteria and limited sample sizes ofclinical

trials. Sorne databases also provide weU-defined denominator information" allowing study

of the incidence and burden ofdisease in defined populations. Use of databases in analytic

epidemiologic studies is, however, not undisputed and may be limited in situations when

information about important risk factors for the disease cannot be obtained (1).
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A great number ofanalytic epidemiologic studies conducted within the setting ofan

computerized database employa case-control design. In these studies, controls are often

chosen randomly among all patients in the database who did not fulfill the stated inclusion

and exclusion criteria of cases (2-4). The choice of randomly sampled controls is the

preferred approach, since, in theory, it guards against selection bias.

In this paper, we show that randomly selected population controls do not aIways represent

the optimal choice ofcontrol subjects in database researc~ especially in the investigation

ofthe risk ofdiseases which have a prolonged asymptomatic cIinical course. We recently

conducted a database case-control study which investigated the effect ofglucocorticoids

on the risk ofocular hypertension or open-angle glaucoma, both ofwhich are

asymptomatic conditions until late in the disease. In the context of tbis study, we

determined that the choice of randornly sampled controls might lead to biased risk

estimates for sorne routes ofglucocorticoid administration which led us to opt for a

ditferent control group. In the following, we will present a summary of important features

of the study design and discuss sorne ofour methodologic considerations for this study.

We will also comment on the possibility for biases from reverse-causality and confounding

by indication. Finally, we illustrate how a database can be useful in assessing empirically

the etfects of these biases.

4.4 Study Design

Background and Study Objective

The objective of the study was to investigate the risk of ocular hypertension or open-angle

glaucoma associated with oral, inhaled, nasal and ophthalmic glucocorticoid use. ft is well

established that ophthalmic glucocorticoids may increase the risk ofocular hypertension

and open-angle glaucoma (5,6). A1though ocular hypertension and open-angle glaucoma

have also occasionally been described following other routes of steroid administration, the

risk has been less weil characterized for these other forms ofglucocorticoids (5).
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Study Settîng

The study utilized data from the provincial health insurance database in Québec.C~

also known as RAMQ (Régie de l''assurance maladie du Québec) database. The database

bas been described in detail elsewhere (7). In brie( data in the records include

demographic parient data with a unique parient identification code, detailed information

on fiIied prescriptions, diagnostic and therapeutic procedures. and diagnoses according to

the International Classification ofDiseases, N'mth Revision (ICO-9) (8). A high Ievel of

reliability and validity of the prescription data bas been demonstrated (7). The study was

condueted using a la % random sample of the database from the years 1987 to 1994 and

a 20 %. random sample from the years 1990 to 1992, after excluding duplicates from both

samples.

Case Definition

We defined cases as RAJ."fQ enrollees over 66 years ofage who had consulted an

ophthalmologist and received either a diagnosis of ocular hypenension or glaucoma or

rnedical or surgical treatment for these conditions. The date of the even~ called the index

date, was taken as the earliest ofthese case-defining eventS. Only incident cases were

considered, i.e. cases were required to have been enrolled in the database for at least one

year without being a case. Medications for ocular hypertension and glaucoma included the

foUowing drug categories: topical betablockers, topical parasympathomimetics, topical

alpha agonists and carboanhydrase inhibitors. ICD-9 codes for the case definition included

the codes for borderline glaucoma (including ocular hypenension), open-angle glaucoma

and unspecified glaucoma. Patients with a diagnosis ofangle-closure or secondary

glaucoma were excIuded from the case and control sarnples.
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Control Definition

We selected contrais in two different ways: fram the entire population and from those

subjects who consulted an ophthalmologist. For the latter sample. control patients were

randomly selected among subjects who had visited an ophthalmologist in the same month

and year as the case without fulfilling the case definition Cophthalmology contrais'). The

date ofthe visit to the ophthalmologist was set as the index date.

The other control group~ chosen to empirically investigate concerns about biases~ was

selected among alI subjeas without restriction to ophthalmoIogist consultations ('generai

population controls'). General population contrais were subjects who had obtained a

prescription in the same index month and year as a case without fulfilling the case criteria.

The date of the prescription was set as the index date.

Contrais were matched to cases on the inde.x month and year to accoum for seasonal and

secular trends in medication. Cp to 4 controIs were matched to each case in both control

groups.

For reasons of simplicity.. we will refer to the study sample with ophthalmology contraIs

as "ophthalmology sample' and to that with general population controIs as 'general

population sample·.

Glucoconicoid Exposure

We focussed in our study on current use ofglucoconicoids.. since ocular hypertension in

most instances is reversible mer glucocorticoid 'hithdrawal. Current users of

glucoconicoids were defined as patients who were exposed al the index date or whose

drug supply with the respective gIucocorticoid continued into the 14-day period before

the index date. [n this definition.. the date ofdispensation of the gIucocorticoid had to

precede the index date.
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To address a concem about reverse causality bias for ophthalmic corticosteroids~ we also

investigated glucocorticoid use by modifYing the definition ofcurrent exposure. In the

moditied definitio~ current users were patients as defined above. with the exception that

the date ofdispensation did not have to precede the index date~ but could fall on the same

day as the index date.

Covariates

Covariates included age. gender, systemic hypertension, diabetes mellirus, and selected

charaeteristics of health care system use in the 365 days before the index date. Systemic

hypertension and diabetes mellitus have both been described as risk factors for the

development ofocular hypertension and open-angle glaucoma. The following health care

system use charaeteristics were investigated: number of prescriptions filled for all drugs,

number of patient-specifie physician claims for services, and number ofdays hospitalized.

These health care utilization variables were included as markers for general iIl health.

Statistical Analysis

We estimated the relative risk for ocular hypertension or open-angle glaucoma for each

form ofglucocortiocoid exposure from odds ratios calculated by conditional logistic

regression (9). For these analyses, the reference category was the absence ofexposure ta

the respective glucocortieoid. AlI models simultaneously controlled for the different routes

ofcortieosteroid administration and the covariates listed above. Ali two-tailed p values

less than .05 were considered signifieant and 95 % confidence intervaIs were caleulated

for ail relative risks.
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4.5 Results

The final case group included 9,793 patients. As controls, 38,325 patients were identified

for the ophthalmology control sample and 38,887 patients for the generai population

control sample. The two control samples showed different characteristics with respect to

demographic variables and the covariates measured (Table 1). Cases tended to be more

similar in their characteristics to ophthalmology controls than to general population

controls. Generai population controls were younger than ophthalmology contrais and

included a higher percentage of males. Fewer of them had received treatment for diabetes

mellitus and they had made less use of the health care system in the year before the index

date, as indicated by the variables measured.

Crude and adjusted odds ratios for the different routes ofglucoconicoid administration

are presented in Table 2 (ophthalmology sample) and Table 3 (general population sample).

For ophthalmic glucoconicoids, we observed a striking difference in the magnitude of the

risk estimate in both study samples. The adjusted odds ratio was 1.67 (95 % CI, 1.50 to

1.86) in the ophthalmology sample and 8.00 (95 % CI, 6.82 to 9.32) in the general

population sample. Use of nasal glucocorticoids was aIso associated with different risk

estimates in both study samples. The adjusted odds ratio for nasal glucoconicoids was

1.08 (95 % CI, 0.88 ta 1.33) in the ophthalmology sample and 1.35 (95 % CI, 1.08 to

1.68) in the general population sample. No ditference in risk was observed for oral

glucocorticoids, with an adjusted odds ratio of 1.40 in both samples. For inhaled

glucocorticoids, we observed a risk ofsunilar magnitude in both samples. The adjusted

odds ratio for this route of administration was 1.02 (95 % CI, 0.89 to 1.18) in the

ophthalmology sarnple and 0.96 (95 % CI, 0.83 to 1.10) in the general population control

sample.

In Table 4, we demonstrate CnIde and adjusted odds ratios for current exposure to ail

forros ofglucocorticoids for the original and modified definition of current use. For oral,

inhaled and nasal glucocorticoids, the risk estimates were very similar for both exposure

definitions. We observed a marked difference in the risk estimate for ophthalmic
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gJucocorticoids according ta the exposure definition used. The adjusted odds ratio was

1.67 (95 % CL 1.50 ta 1.86) if the last glucocorticoid dispensation preceded the index

date and 3.08 (95 ~~ CI. 2.86 to 3.33) if the [ast dispensation fell on the same date as the

index date.

4.6 Methodologie Considerations

The two control groups differed with respect to age and gender distributio~ the

prevalence ofdiabetes mellitus and health care utilization in the year before the index date,

indicating that ophthalmology controls are not representative of the population as a

whole. The higher percentage ofdiabetic patients in ophthalmology contrais retlects the

association of diabetes mellitus with a variety ofocular diseases. The observed differences .

in demographic factors and other covariates betWeen the two control groups are not of

concem with respect to bias, since we adjusted for these variables in our analysis. In the

general population sample, we observed a higher risk ofocuJar hypertension or open-

angle glaucoma with increasing age, in female patients and in patients with diabetes

mellitus. These observations are in agreement with results obtained in other population

based studies (10).

4.6.1 Cboice of Controls

The risk estimate for ophthalmic glucoconicoids and to a lesser degree for nasal

glucoconicoids varied according ta the choice ofcontrols. In sampling a second control

group tram the general population, we were testing a hypothesis about bias tbat depended

on two considerations: 1) tbat a majority ofcases ofocular hypertension or open-angle

glaucoma are asymptomatic and detected during ophthalmologist visits oruy and 2) that

the rate ofophthalmologic surveillance is higher in patients exposed to ophthalmic

glucocorticoids than in a non-exposed control group. A higher rate ofreferral ofexposed
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patients to ophthalmologists will lead ta increased detection of the outcome and intlate the

risk estimate when not accounted for by proper choice ofa control group.

It is well recognized that open-angle gIaucoma has an insidious onser and is usuaHy

asymptomatic until (ate in the disease ( 11-13). Large population-based screening surveys

have shawn that about SO '% ofail patients with open-angle glaucoma are not aware of

having the dîsease (14, IS). Most cases ofocular hypenension and open-angle glaucoma

will be diagnosed during ophthalmologist visilS" since special equipment and expertize are

needed to diagnose these conditions. Intraocular pressure measurements will usually be

routinely perfonned in elderly patients who consult an ophthalmologist. It is

recommended that intraocular pressure values be monitored in patients receiving

ophthalmic glucoconicoids, in order to deteet ocu1ar hypertension as a side etfect ofthese

drugs (S, 12, 13).

In case-control studies., contraIs should be selected in such a way that cases and contraIs

are ~representativeof the same base experience' (16). We believe that the study base of

our study are not all patients in the database., but only patients with ophthalmologist

consultations., due ta the asymptomatic nature of the outcome condition. In bis review on

control selection in case-control studies., Wacholder addresses this problem: ~When the

probability of case identification among members ofa primary base depends on a variable,

the study base principle is violated and there can be selection bias., unless control selection

depends proportionally on values of that variable" (I7). In our study, this variable is the

ophthalmologist visit., since diagnosis of the case status in our study usually requîres a visit

to an ophthalmologist. Thus, controls should equally be seleeted as patients with

ophthalmologist consultations to satisfy the study base principle. Identification of the

appropriate study base in our study is a prerequisite ta help avoid selection bias., which

will otherwise result from selective ophthalmologic surveillance ofexposed patients.

A similar opportunitiy for selection bias has been described by Harwitz and Feinstein in

studies investigating the association ofestrogens and endometrial cancer (18). Although

they did not retèr ta it in terms of the 'study base principle'. Horwitz and Feinstein arrived
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at a similar conclusion for the selection ofcontrols in their study.They referred to the

resulting bias as •deteetion bias' and stated that tbis form ofbias 'will arise whenever a

target disease that cao occur in asymptomatic or other subcIinical forms is Iikely to be

preferentially diagnosed in persons exposed to the alleged etioIogic agent'. T0

compensate for the bias in the case group they suggested that controls should have an

opportunity 'to have received the same type ofseIeètion' as cases.

The eIevated risk estimate for nasal gJucocorticoids in the general population sample

appears to be due to the same mechanism that we proposed for ophthalmic

glucocorticoids. Nasal glucocorticoids are often prescribed for seasonal allergie rhinitis, a

condition which is frequently accompanied by ocular symptoms, such as itching, erythema

and tearing of the eyes. As a consequence, these patients May be referred to

ophthalmologists more often than control patients, resulting in preferential ophthalmologic

surveiDance in exposed patients and leading to an intlated association between nasal

glucocorticoid use and the outcome. The difference in risk estimates between both

samples was much smaller for nasal glucocorticoids than for ophthalmic glucoconicoids.

This May be due to the faet that ooly sorne of the patients on nasal steroids will be

referred for ophthalmologic control investigation, whereas we believe that the control rate

is much higher in patients treated with ophthalmic gIucocorticoids. Nasal glucocorticoids

are not prescribed for allergic rhioitis alone, but May also be prescribed for other

conditions whieh are not necessarily assoeiated with ocular symptoms. Among patients

treated with nasal gIucoeorticoids for allergie rhinitis, onJy a certain percentage will suifer

from ocular symptoms and of those, ooly some will be referred ta ophthalmologists.

For oral and inhaled glucoconieoids, we observed a very similar risk in bath study

sarnples. As explained above, selection bias in our study resulted from a combination of

two conditions: an asymptomatic target disease and preferential surveillance ofexposed

study subjeets. We believe that the latter condition was not met for patients receiving

inhaled and oral glucocorticoids. There was no reason to believe that patients receiving

inhaled glucocorticoids for asthma should be referred to ophthalmologists more often than

other patients. Although an association between oral glucocorticoids and ocuIar
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hypertension had occasionally been reported, nonophthalmologists are usually not

sufficiently aware of this possible side effect sa that it may not have had impact on referral

pattern (12). The exposure to oral and inhaJed glucocorticoids may therefore serve to

ilIustrate the need for both conditions to produce bias. In the absence of preferential

surveillance ofexposed subjects.. the similar results in the general population and

ophthalmology study sample also serve to ilIustrate the validity of the latter.

4.6.2 Confounding by Indication

Confounding by indication can occur when the effect ofa drug cannot be separated from

the effect ofa disease for which the drug is described. It is believed that confounding by

indication is usuaJly less of a problem in studies focussing on side effects ofdrugs.. but

more so in studies investigating intended effects (19). AJthough less commo""

confounding by indication may also present a problem in the study ofunintended drug

effects. In the context ofour study example, confounding by indication cannot be

excluded in the risk estimate for ophthalmic steroids. Ophthalmic steroids are commonly

prescribed for inflammatory diseases of the anterior chamber ofthe eye. As a complication

of these diseases, ocular hypertension and glaucoma May develop, resulting from

inflammation of the trabecular meshwork ofthe eye or trom scarring and formation of

synechiae leading to outflow obstruction ofthe aqueous humor (20). In the context ofa

database study, it is not feasible to separate corticosteroid-induced ocular hypertension

from ocular hypertension caused by inflammation of the eye and thus to eliminate

completely concerns about confounding by indication. Confounding by indication would

lead to an exaggerated risk estimate for ophthalmic steroid use. Based on the evidence

from clinical studies and case reports it is usually believed that ophthalmic steroids carry a

higher risk for ocular hypertension and open-angle glaucoma than oral steroids (5,21,22).

This belief aIso appears biologically plausible, since the bioavailability of the steroid in the

eye is expected to be greater after ophthalmic than after oral dosing. The data ofour study

show a higher risk estimate for ophthalmic than for oral steroids, although the difference

in the risk for both routes of administration was trivial. The similarity of the risk estimates
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for both routes ofadministration indicates that concems about bias as a consequence of

confounding by indication might be a lesser problem tor ophthaImic steroids than

theoretically anticipated.

Oral steroids are used in a great variety ofdiseases, sorne ofwhieh May aIso invoIve the

eyes. It is weIl recognized that rheumatic disorders whieh are frequentIy treated with oral

glueocorticoids May be accompanied by intlamrnatory disorders of the eyes. AJthough

ocular hypertension and open-angle glaucorna are not a primary manifestation of these

diseases, they May develop as a complication of the eye inflammation, as has been

discussed for ophthalmic steroids. Ta exclude confounding by indication for oral steroid

use, we calculated the odds ratio for oral steroids in all patients who had received the

dispensation ofan oraI steroid in conjunction with a diagnosis indicating pulmonary

problems as e.g. asthm~ emphysema and chronie obstructive bronchitis, since we

considered these diseases as unrelated to ocuIar disease. The odds ratio for oraI

glucocorticoids in these patients was 1.39 (95 % CI, 1.02 to 1.89) which was aImost the

same as that obtained for aIl oraI glucocorticoid users. Therefore confounding by

indication for oral gIucoconicoids did not appear to represent a problem in our study

sample.

4.6.3 Reverse Causality Bias

We observed a marked difference in the risk estimate for ophthalmic gIucoconicoids,

depending on whether the date of the last dispensation had to precede the index date or

whether it could fall on the same date as the index date. AlIowing the date of the last

dispensation to include the index date a1most doubled the risk estimate for ophthaJmic

steroids. We believe that this difference in risk estimates is due to reverse eausaIity bias

(23), a bias which has aIso been referred to as 'protopathic bias' by Feinstein (24). This

forro of bias occurs when cause and effect are being confused. It is mostly thought ofas a

problem of prevalence studies where it may occasionally be difficult to decide whether the

exposure under study preceded the outcome or was instituted as a consequence of the
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outcome (23,25). In the case ofour study example, treatment with ophthalmic

corticosteroids May be initiated in certain cases to treat acular hypertension. Treatment

with ophthalmic corticosteroids, or with ophthalmic corticosteroids in conjunetion with

intraocular pressure-lowering drugs, is indicated when ocular hypertension has developed

as a complication ofan intlammatory process in the eye (20). Antiintlammatory

Medication in these cases constitutes a causal treatment against ocular hypertension,

whereas the accompanyjng glaucoma treatment is aimed to induce a rapid normalization

ofocular pressure vaIues. T0 minimize concerns ab~ut reverse causality bias, it is crucial

to define exposure in such a way that it clearly precedes the outcome under study.

Although we sampled incident cases in our study, reverse causality bias May occur ifthe

temporal relationship of exposure and outcome is neglected. As we have demonstrated,

inclusion or exclusion ofone day in the exposure definition may change the risk estimate

in an important way. In our study, reverse-causality bias was only of concem for

ophthalmic corticosteroids. No important differences were seen in the risk estimates for

the other routes of steroid administration applyjng bath exposure definitions.

4.7 Conclusion

Choosing a control group for a case-control study from all individuals in the source

population that produced the cases has been described as the simplest way to satisfy the

study base principle (26). ln database case-control research, the entire database usually

serves as a source from which controls are randomly selected, since cases are equally

identified fram tbis population. This approach ofcontrol selection is valid in MOst

instances, but caution is needed when investigating the risk ofdiseases with a prolonged

asymptomatic clinical course. Although cases are still identified among ail subjects in the

database, they no longer represent as base experience ail subjects, but only subjects who

had an opportunity ofhaving the disease diagnosed. Accordingly, contrais will have ta be

drawn from this source population and can no longer be selected randomly among ail

subjects in the database. Serious selection bias may result ifexposed patients are

preferentially diagnosed and controls are not selected from the appropriate study base. In
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our study example, we idenrified as source population for cases and controls subjects with

visits to ophthalmologists, since ophthalmologist visits are usually a prerequisite to have

ocular hypertension and glaucoma diagnosed. For glucocorticoid exposures that were not

associated with increased ophthalmologic monitoring, the risk estimates were similar in

both study samples. characterizing preferential surveillance ofexposed subjects as a

second necessary condition for the occurrence ofselection bias in the study setting. Our

example iIlustrates that a database may aJso serve to empirically explore concems about

biases.
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Table 1. Charaeteristics of cases and Controls·

OPBTHAL~(OLOGY GE.~. POPUL\.TION
CASES CONTROLS CO~IROLS

0/'. 0/. %
Cbaracteri5tic (D=9~793) (n=38..315 ) (0=38,887)

Age
65-69 T~ - 25.7 28.0-.).~

70-74 29.7 29.5 30.3
75-84 38.9 36A 33.3
~85 8.0 8.~ 8.4

Gender
Male 34.5 37.9 41.5
FemaIe 65.5 62.1 58.5

Diabetes treated \Vith
Oral antidiabetics 10.5 11.1 9.3
Insulin 2.4 2.9 1.9

Systemic hypertension 56.8 55.7 56.2

Health care utilization in
the year preceding the
index date

No. of prescriptions
~15 33.9 34.6 34.8
16 - 30 22.5 21.6 23.1
> 30 43.6 43.8 42.1

No. ofphysician daims
~10 38.5 41.4 52.4
11-20 33.7 30.6 24.8
>20 27.8 27.9 22.8

No. of days hospitalized
0 64.7 67.9 72.1
1-15 28.5 ,....... 19.3-.) ..)

> 15 6.8 8.8 8.6

* Percentages may not equal 100 due to rounding
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Table 2. Odds Ratios or Ocular Hypertension or Open-Angle Glaucoma According
to Route orCorticosteroid Administration (Opbtbalmology Sample)-

Route Cases Controls Crude Adjusted**
of (°/«af" (°Atf" Odds Odds 9S 0/0
Steroid (0=9,793) (n=38,325) Ratio Ratio CI

Nonusers 89.0 92.0 1.00 1.00

Opbthalmic 5.3 3.1 1.73 1.67 1.50-1.86

Oral 2.7 1.9 1.43 1.40 1.21-1.62

Nasal 2.9 2.7 1.06 1.08 0.88-1.33

Inhaled 1.2 1.1 1.07 1.02 0.89-1.18

* Exposure: current use of the respective glucoconicoid

- Percentages may exceed 100 due to concomitant intake ofmore than one form ofsteroid

** Adjusted for age, gender, diabetes mellitus, systemic hypertension, CUITent use ofthe
other glucocorticoids listed, number of prescriptions, number of physician c1aims, and
hospitalization during the last year before the index date
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Table 3. Odds Ratios of Ocular Hypertension or Open-Angle Glaucoma According
to Route of Glucocorticoid Administration (General Population Sample)*

Cases Controls Crude Adjusted**
Route of (%f (%f" Odds Odds 95°/_
Steroid (0=9,793) (0=38,887) Ratio Ratio CI

Nonusen 89.0 94.6

Ophthalmic 5.3 0.6 8.91 8.00 6.82-9.32

Oral 2.7 1.8 1.54 1.40 1.20-1.62

Nasal 1.2 0.9 1.38 1.35 1.08-1.68

Inhaled 2.9 2.7 1.06 0.96 0.83-1.10

*Exposure: eurrent use of the respective glucocorticoid

- Percentages may exceed 100 due to concomitant intake of more than one form of steroid

**Adjusted for age, gender, diabetes mellitus, systemic hypertensio~ current use ofthe
other glucocorticoids listed, number of prescriptions, number of physician daims, and
hospitaiization during the last year before the index date
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Table 4. Odds Ratios ofOeular Hypertension or Open-Angle Glaucoma Excluding
or loduding the Index Date as Date of Iast Dispensation (Opbtbalmology Sample)·

Exduding Including
Route Index Date Index Date
of Crude Adjusted'" Crude Adjusted'"
Steroid Odds Odds Ratio Odds Odds Ratio

Ratio (95% CI) Ratio (95%, CI)

Opbtbalmic 1.73 1.67 3.I~ 3.08
(1.50: 1.86) (2.86: 3.33)

Oral lA3 1AO L~ lAI
(1.21: 1.62) (1.22: 1.63)

Nasal 1.06 1.08 1.05 1.10
(0.88: 1.33) (0.89: 1.35)

lnhaJed 1.07 1.02 1.08 1.02
(0.89: l.18) (0.88: 1.17)

• Exposure: current use of the respective glucocorticoid

- Adjusted for age, gender, diabetes mellitus, systemic hypertension., current use ofthe
other gIucoconicoids listed, number of prescriptions, number of physician daims, and
hospitalization during the last year before the index date

104



(

4.8 Bibliography

1. Shapiro, S. 1989. The role ofautomated record linkage in the postmarketing
surveillance ofdrug safety: A critique. Clin. Pharm. Ther.46:371-386.

2. Gurwitz, J.H., R.L. Bohn, R.J. GI~ M. Monane, H. Mogun, and J. Avom. 1994.
Glucocorticoids and the risk for initiation ofhypoglycemic therapy. Arch. fnlem. Med
154:97-10 l.

3. Gurwitz, J.H., R.L. Bohn, R.J. Gl~ M. Monane, H. Mogun, and J. Avom. 1993.
Antihypertensive drug therapy and the initiation of treatment for diabetes mellitus. Ann.
fntenl. Med 118:273-278.

4. Avom, J., R.L. Bohn, H. Mogu~ J.H. Gurwitz, M. Monane, D. Everitt, and A. Walker.
1995. Neuroleptic drug exposure and treatment ofparkinsonism in the elderly: A case
control study. Am. J. Med 99:48·54.

5. Skuta, G.L. and R.K. Morgan. 1996. Corticosteroid-induced g1aucoma. In The
glaucomas. R. Ritch, M.B. Shields, and T. Krupin, editors. Mosby, St. Louis. 1177-1188.

6. Palmberg, P.f., A. Mandell, J.T. Wilensky, S.M. Podos, and B. Becker. 1975. The
reproducibility of the intraocular pressure response to dexamethasone. Am. J.
Ophthalmol. 80:844-856.

7. Tamblyn, R., G. Lavoie, L. Petrella, and J. Monette. 1995. The use of prescription
daims databases in pharmacoepidemiological research: The accuracy and
comprehensiveness of the prescription c1aims database in Quebec. J. Clin. Epidemiol.
48:999-1009.

8. WHO 1977. ~fanual ofthe international statistical classification ofdiseases, injuries,
and causes ofdeath based on the recommendations of the ninth revision conference, 1975.
World Health Organization.. Geneva.

9. Sas Institute Ine. 1992. The PHREG procedure. In SAS technical report P-229.
SAS/STAT software: changes and enhancements. Release 6.07. Sas Institute Inc. Cary.
435-479.

10. Leske, M.C. 1983. The epidemiology ofopen-angle glaucoma: a review. Am. J.
Epidemiol. 118: 166-191.

Il. Quigley, H.A. 1993. Open-angle glaueoma. N. Ellgi. J. Med 328: 1097-1106.

12. Kass, M.A. and T. Johnson. 1989. Corticosteroid-induced glaucoma. In The
glaucomas. R. Rich, M.B. Shields, and T. Krupin, editors. C.V. Mosby Company, St.
Louis. 1161-1168.

105



(

13. Hodapp, E.A. and M.A. Kass. 1982. Corticosteroid-induced glaucoma. In The
secondary glaucomas. R. Rich and M.B. Shields, editors. C. V. Mosby Comp. St. Louis.
258-265.

14. Sommer, A., lM. Tielsc~ J. Katz, H.A. Quigley, lD. Gottsch, J. Javitt, and K. Singh.
1991. Relationship between intraocular pressure and primary open angle glaucoma among
white and black Americans. The Baltimore Eye Survey. Arch. Ophtha/mo/. 109: 1090
1095.

15. Dielernans, 1., J.R. Vingerling, R.C. Wolfs, A. Hofman, D.E. Grobbee, and P.T. de
Jong. 1994. The prevalence ofprimary open-angle glaucoma in a population-based study
in The Netherlands. The Rotterdam Study. Ophtha/m%gy 101:1851-1855.

16. Miettinen, O.S. 1985. The 'case-control' study: valid selection ofsubjects. J. Chrono
Dis. 38:543-548.

17. Wacholder, S., D.T. Sîlverman, J.K. McLaughlin, and J.S. l\1andel. 1992. Selection of
controls in case-control studies. II. Types ofcontrols. Am. J. Epidemio/. 135: 1029-1041.

18. Horwitz, R.1. and A.R. Feinstein. 1978. Alternative analytic methods for case-control
studies ofestrogens and endometrial cancer. N. Ellg/. J. Med 299: 1089-1094.

19. Strom, B.L. and K.L. Melmon. 1994. The use ofpharmacoepidemiology to study
beneficial drug effects. [n Pharmacoepidemiology. B.L. Strom, editor. John Wiley & Sons,
Chichester. 449-467.

20. Shields, M.B. 1992. Glaucomas associated with ocular inflammation. In Textbook of
glaucoma. M.B. Shields, editor. Williams & Wilkins, Baltimore. 356-373.

21. David, O.S. and J.S. Berkowitz. 1969. Ocular effects oftopical and systemic
corticosteroids. Lallcet 2: 149-151.

22. Grant, W.M. 1969. Ocular complications ofdrugs. Glaucoma. JAMA 207:2089-2091.

23. Kramer, M.S. 1988. Clinical Epidemiology and Biostatistics. Springer-Verlag,
Heidelberg.

24. Feinstein, A.R. 1985. Clinical Epidemiology: The architecture of c1inical research. W.
B. Saunders, Philadelphia.

25. Collet, lP., J.F. Boivin, and W.O. Spitzer. 1994. Bias and confounding in
pharmacoepidemiology. In Pharmacoepidemiology. B.L. Strom, editor. J. Wiley & Sons,
Chichester. 609-627.

26. Wacholder, S., J.K. McLaughli~ D.T. Silvennan, and J.S. Mandel. 1992. Selection of
controls in case-control studies: 1. Principles. Am. J. Epidemio/. 135:1019-1028.

106



•

(

CHAPTER5

SUMl\'IARY AND CONCLUSION

This is the first population-based study that quantified the risk of ocular hypertension or

open-angle glaucoma associated with exposure to oral, inhaled and nasal gIucocorticoids.

Its large sample size of9,793 cases and 38,325 controls made it possible to analyse the

influence of the dose and duration of treatment for each of these routes ofglucocorticoid

administration, while simultaneously adjusting for several important risk factors.

Exposure to oral glucocorticoids increased the risk ofocular hypertension or open-angle

glaucoma. The magnitude of the risk was direetly related to the steroid dose, with an

increase in risk following higher oral glucocorticoid doses. A similar dose-response

relationship had been demonstrated for ophthalmic glucocorticoids in a prospective

clinical trial (1). High doses oforal glucocorticoids, defined by an equivalent of 80 mg of

hydrocortisone per day or more, presented a risk of similar magnitude as that observed for

ophthalmic glucocorticoids. The systemic bioavailability is usuaJly high for oral

glucoconicoids, rangjng from around 70 % for betamethasone, to 80 % for

dexamethasone and methylprednisolone, to 98 % for prednisone (2). A considerable

portion of the glucocorticoid will therefore reach the eye after oral ingestion.

An increased risk of the outcome was already apparent in the first months of treatment

with oral glucocorticoids, suggesting that the required exposure period May be similar for

oral and ophthalmic glucocorticoids. Sorne authors believe that oral glucocorticoids need

to be administered longer than ophthalmic glucocorticoids in arder to induce ocular

hypertension (3,4). This assumption appears to be based on a number of clinicaJ case

reports in which ocular hypertension was described only after months or years ofexposure

to oral glucocorticoids (5-8). The patients in these reports did.. however, not have routine

tonometric investigations which was the case in studies examining the required exposure
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period for ophthalmic glucocorticoids. The detection ofocular hypertension may therefore

have been delayed due to its insidious course. giving rise to the impression of longer

exposure periods for oral glucocorticoids.

The risk ofocular hypertension or open-angje glaucoma increased over the first 11

months ofcontinuous exposure to oral glucocorticoids, but no funher inerease in risk was

observed for 12 (or more) months~ although the risk remained elevated. The previous

clinical studies which investigated the risk ofoeular hypertension for ophthalmic

glucoeorticoids only examined shorter exposure periods, usually in the range of four to

eight weeks. In these studies, the pressure rise did not seem to have reaehed its maximum

at the end of the study in sorne ofthe patients (9). This observation points to the

possibility that the risk may still be increasing in the first months of treatment.

The risk was ooly signifieantly lncreased in patients who had received oral glueocorticoids

in the last 14 days before the index date. This finding corresponds to results obtained for

ophthalmic gIueocortieoids which suggest that the intraocular pressure elevation induced

by ophthalmic glueocorticoids is usually reversible within two weeks of discontinuation of

the steroid treatment (9,10) and confirms isolated clinical observations for oral

glucocortieoids on a large population-based seale.

Exposure to inhaled and nasal gIucoeorticoids, without taking into aecount dose or

duration of treatment was not associated with an elevated risk ofoeular hypertension or

open-angle glaueoma. However, patients who had been exposed to high doses of inhaled

glucoeortieoids for at least three months presented a significantly inereased risk. This

latter result is consistent with pharmacologie studies which have measured adrenocortieal

suppression as a Marker for the possibility of systemie effects. A reeent review of these

studies concluded that only high doses of inhaled steroids suppress adrenocortical function

(11 ).

No inerease in risk was observed for high doses ofnasal glucoeorticoids. Nasal

glueoconicoids are usually given in much lower doses than inhaled glucocorticoids and
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the sparse pharmacologie data available suggest that these lower doses do not lead to

suppression ofadrenocortical function (12-14). Only few patients had been continuously

exposed to nasal steroids for three or more months, and no elevated risk was seen for tbis

exposure category. Contrary to inhaled steroids.. whieh are often used in asthma over

extended periods of time, nasal steroids were rarely used tor longer treatment periods..

reflecting the limited treatment duration in seasonal allergie rhinitis, one of its major

treatment indications. The effeet of prolonged high dose exposure ta nasal steroids could

not be evaluated in tbis study, since too few patients belonged to this exposure category.

An important methodologic consideration in this study was the choice ofstudy subjeets

who were defined as patients with ophthalmologist visits. This choice was largely

motivated by the prolonged asymptomatic clinical course ofoeular hypenension and

open-angle glaueoma. As a consequence of tbis asymptomatie course, the disease often

remains undiagnosed., as has been shown in several population surveys (15-18). Most

cases ofocular hypertension and open-angle glaucoma will be diagnosed on the occasion

of ophthalmologist visits, sinee ooly ophthalmologists usually have the diagnostic tools

and expertise to diagnose these conditions. In case-control studies, cases and controls

should be representative of the same base experience. Sînce in tbis study case

identification usually depended on a visit to an ophthalmologist.. control selection should

equally depend on tbis variable, not to violate the study base principle. Ophthalmology

patients were therefore identified as the source population for cases and controls. In arder

to examine empirically the bias resulting from a violation of the study base principle, a

second group ofcontrols was randomly sampled from the database which was not

required to have consulted an ophthalmologist. It was demonstrated that serious selection

bias results if the study base principle is violated and exposed patients are more ükely to

be examined by an ophthalmologist.

Preferential ophthalmologic surveillance was of concern for the exposure to ophthalmic

and nasal glucoconicoids. For ophthalmic glucocorticoids, monitoring of intraocular

pressure is recommended during extended administration (19-21 ). For nasal steroids, no

recommendations exist as to routine intraocular pressure monitoring; however, patients
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treated with these drugs for seasonal allergie rhinitis May suffer from aecompanying oeular

symptoms whieh in tum May lead to a referral to an ophthalmologist. The results differed

for both routes ofglucocorticoid administration accarding to the choice of the control

group. with a positive bias resulting from the selection of nonophthalmology contrais.

This difference in the risk estimates was large for the exposure to ophthalmic

glucacorticoids and smaller for that ta nasal glucocorticoids. corresponding to the faet

that the difference in the intensity ofophthalmologjc surveillance between exposed and

unexposed patients is probably much higher for the former than for the latter exposure.

For oral and inhaled glucocorticoids, a similar risk estimate was observed in both study

samples. Preferential intraocular pressure monitoring in the exposed was of lesser concem

for these two forros ofglucocorticoids. The similarity of the estimates of the relative risk

for these two forms ofglucocorticoids indicates that in our study setting two conditions

had ta be met in arder to produce bias: violation of the study base principle in defining the

source population for an asymptomatic target disease and preferential surveillance of

exposed patients.

Other potential biases included confounding by indication and reverse causality bias.

Ophthalmic glucocorticoids are often prescribed for the treatment of inflammatory

conditions of the eye, whereas oral glucocorticoids may he used in the treatment of

diseases which are aeeompanied by aeular inflammation. Inflammation of the eye May lead

to ocular hypertension and secondary open-angle glaucoma as a complication of the

disease, thus giving rise to the concem about confounding by indication for these [WO

routes ofsteroid administration. For oral glucocortieoids, this concern was addressed by

estimating the risk ooly in patients with pulmonary diseases which were cansidered

unrelated ta oeular inflammation. The observed similarity ofthe risk estimate between this

subgroup and that in aU patients indieated that for oral giucocorticoids confounding by

indication was not a major problem. The slightly higher risk for exposure to ophthalmic

glueoeorticoids than for oral glucocorticoids appeared biologically plausible based on the

assumed greater bioavailability ofophthalmic steroids in the eye. Since tbis risk estimate

was still fairly similar to that observed for oral glucocorticoids, concems about an inflated
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risk estimate for ophthalmic steroids as a consequence ofconfounding by indication

appeared to be a lesser problem than theoreticaIly anticipated.

It was demonstrated that for ophthalmic gJucocorticoids reverse causality bias May result

if the date of the last dispensation did not clearly precede the index date. Ophthalmic

glucocorticoids May be initiated as a treatment for ocular hypertension when tbis occurs

as a complication ofan intlammatory process in the eye. Allowing the date of the last

dispensation to include the index date aJmost doubled the risk estimate for ophthalmic

glucocorticoids; however, no relevant change was observed in the risk of the other forms

ofglucocorticoids.

Based on the results of this study, intraocular pressure monitoring appears warranted in

patients using oral or high doses ofinhaled g1ucocorticoids on a regular basis. Use of

these drugs should be routinely verified in newly detected cases ofocular hypenension or

open-angle gIaucoma. This study aIso demonstrates the importance of identifying the

adequate study base in case·controI research ofdiseases with a prolonged asymptomatic

clinical course.
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