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ABSTRACT

This study represents the first national survey of op-
tometrists in Canada. A mailed questionnaire was de-
signed and implemented in order to discover how op-
tometrists have reacted to the introduction of diagnos-
tic pharmaceutical agent (DPA) legislation in Canada
and to determine what variables are important predic-
tors of DPA use. The data collected were also used to
test the null hypothesis that DPA legislation does not
affect the use of mydriatic/cycloplegic agents by op-
tometrists. A stratified random sampling procedure was
used to select 230 optometrists (roughly 10% of the
practicing profession) for inclusion in the study. Over
90% of the subjects completed and returned the ques-
tionnaire. A statistically significant and important as-
sociation was found between mydriatic/cycloplegic
drug use and legislation (p < 0.05 and odds ratio =
2.18). Legislation, type of practice, age, and optometry
school attended were all found to be associated with
DPA use.
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One of the more dramatic changes in optometry
in recent years has been the introduction of diag-
nostic pharmaceutical agent (DPA) legislation. In
the course of conducting a literature review on
optometrists and DPA use, it was discovered that
a national survey of optometrists in Canada had
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never been conducted and published. This study
therefore represents the first national survey of this
professional group to date. Because of the lack of
available information on demographic and practice
characteristics, one of the objectives of this research
was to collect sufficient information to construct
representative demographic and practice profiles of
Canadian optometrists (the findings of which have
been submitted for publication to the Canadian
Journal of Optometry). A second purpose for this
survey was to determine if there are any demo-
graphic and/or practice variables which are impor-
tant predictors of DPA use. Because there is reason
to assume that legislation is an important predictor
of mydriatic/cycloplegic drug use, a hypothesis was
developed to test this assumption. In order to study
this hypothesis, optometrists in the three Canadian
provinces without DPA legislation (Newfoundland,
Quebec, and Prince Edward Island) were compared
to those practicing in the remaining seven prov-
inces. The final purpose for implementing this sur-
vey was to discover how optometrists have reacted
to the introduction of DPA legislation in Canada.

METHODS

The majority of ideas and concepts used in the
design and implementation of the survey instru-
ment were adopted from five sources, all of which
overlap considerably in their methodology.® The
questionnaire was organized into four sections to
collect demographic information, practice charac-
teristics, pharmaceutical agent utilization data, and
current views held by optometrists regarding phar-
maceutical agent use. The questionnaire (copies of
which are available upon request) was pretested,
translated into French, and mailed as a bilingual
survey to all subjects. An advance notification letter
and three follow-up mailings were used to maximize



the response rate. In addition, all participants were
ensured complete confidentiality.

Subjects included in the study were selected ran-
domly from the 1988 edition of the Optometrist’s
Desk Reference which provides an up-to-date roster
of optometrists in Canada.® An approximate test
for two independent proportions’ (a two-tailed test
at the 5% significance level) was used to determine
the sample size necessary to test the null hypothesis
that the presence of mydriatic/cycloplegic drug leg-
islation does not affect the utilization of these
agents by optometrists. A stratified random sam-
pling procedure® was used to divide the entire pop-
ulation of optometrists into strata representing
each province. A random sample of optometrists
was then selected from each stratum. Overall, this
sampling procedure resulted in a sample size of 230
optometrists or slightly less than 10% of all optom-
etrists in Canada.

In order to assess the validity of the findings
regarding the association between mydriatic/cyclo-
plegic drug use and the presence of DPA legislation,
the findings were examined for alternative expla-
nations.? Specifically, evaluations of bias, chance,
and confounding were examined as alternative rea-
sons for the observed association between drug
utilization and legislation. A x? analysis was used
as the test of statistical significance® to determine
the likelihood that sampling variability or chance
could be considered an explanation for the observed
association. In order to determine whether other
variables in addition to legislation were also predic-
tive of drug use (thus potential confounders to the
association between legislation and drug use), a
number of x? analyses were performed. Each of the
demographic and practice variables investigated by
the questionnaire were tested for its association
with mydriatic/cycloplegic drug use. In order to
control for possible confounding or the possibility
that the observed association was due totally or in
part to other variables, a multivariate analysis was
conducted using logistic regression. Logistic regres-
sion was also used to develop a model to predict
which variables (demographic and practice) were
important in the determination of which optome-
trists are most likely to use mydriatic/cycloplegic
agents. Finally, a comparison was then made be-
tween the responses of optometrists who reported
using mydriatic/cycloplegic drugs to those who re-
ported never using these agents; x? analyses were
used to test for statistically significant differences
in responses. A probability level of 0.05 was used
to determine statistical significance in all cases.
The majority of statistical computations were done
using the SYSTAT software package'' with GLIM
being used for the logistic regression analysis.

RESULTS

Response Rate

During the course of the study it was discovered
that 17 subjects selected for inclusion in the survey

were actually ineligible and were excluded from the
analysis (Table 1). One hundred and ninety-two of
a possible 213 subjects completed and returned the
questionnaire, producing a response rate of 90.1%.
Individual provincial response rates ranged from
82.4 to 100.0%.

Hypothesis Testing

In testing the study’s hypothesis, the results of
the %2 test (Table 2) show that there is a statisti-
cally significant association between the presence
of DPA legislation and the use of mydriatic/cyclo-
plegic drugs by optometrists (p < 0.05). The odds
ratio associated with this finding was 2.18 and with
95% confidence the true value was determined to
lie between 1.18 and 3.99. In other words, legislation
is an important variable in the prediction of myd-
riatic/cycloplegic drug use and the association be-
tween these two variables is statistically significant.

Predictors of Drug Usage

A number of x? analyses were conducted to as-
certain whether the demographic and practice vari-
ables investigated by the questionnaire were also
predictors of drug use. The results show that gen-
der, level of university education, population where
the practice is located, weeks practiced per year,
hours practiced per week, and the time required to

TasLE 1. Summary of survey response.

No. of
Participants

Total questionnaires mailed 230

Total nonresponse 38
Ineligible respondents, excluded from

analysis

Unreachable, mail returned 5

Retired 6

Not in practice during last year 2

Randomly selected twice 1

Deceased 3

Total ineligible 17

Total response 192

Total response rate: 192/230 = 83.5%
Adjusted response: 192/213 = 90.1%

TaBLE 2. Mydriatic/cycloplegic drug use by legislation.

Do Not

Use Drugs Use Drugs Total
Legislation 76 (63.9%) 43(36.1%) 119 (100%)
No legislation 30 (44.8%) 37 (65.2%) 67 (100%)
Total 106 80 186°
Test statistic Value DF® Probability
Yates corrected x?2 5.618 1 0.018

?Excludes 6 subjects who did not respond to 1 or both
questions.
® DF, degrees of freedom.
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travel to the nearest ophthalmologist were not pre-
dictors of drug use (p > 0.10) and as such were not
considered potential confounders of the association
between legislation and drug use. However, the
variables age of the optometrist, optometry school
attended, and the type of practice (group or solo)
were found to be potential confounding factors (p
< 0.05).

In order to develop a model which would be useful
in predicting mydriatic/cycloplegic drug use, the
above predictor variables were entered into a logis-
tic regression analysis. When all the predictor vari-
ables were fitted into the model, the only variables
which remained significant were legislation and the
age of an optometrist (indicating that a correlation
exists between the age of an optometrist and the
variables optometry school attended and the type
of practice). The further addition of interaction
terms to the model (representing possible effect
modifiers) did not help in the prediction of drug
use. Therefore, the model which best predicts myd-
riatic/cycloplegic drug use contains only the vari-
ables legislation and the age of the optometrist. The
corresponding odds ratio, adjusted for age, was es-
timated to be 2.75. With 95% confidence, the true
odds ratio lies between 1.35 and 5.59. The distri-
bution of mydriatic/cycloplegic drug use by age is
shown in Table 3.

Reaction to Drug Legislation

Approximately one-half of all the respondents
reported conducting cycloplegic refractions and ex-
aminations of the fundus through a dilated pupil
themselves. This finding is in general agreement
with the 57.0% (106 of 186 responding) who re-
ported ever using mydriatic/cycloplegic drugs.
When optometrists were asked “Under normal cir-
cumstances who would conduct a cycloplegic re-
fraction on one of your patients?”, there was a
statistically significant difference between the re-
sponses of optometrists 50 years of age and older
and those under age 50 years (p < 0.05). Just over
62% of optometrists under age 50 years reported
conducting cycloplegic refractions themselves com-
pared to only 19.1% of optometrists aged 50 years
or more. A similar finding was found with respect
to conducting dilated fundus examinations (DFE’s).
Over 55% of optometrists under age 50 years re-
ported conducting DFE’s themselves, whereas only

TasLE 3. Mydriatic/cycloplegic drug use by age.

Age Do Not

yr) Use Drugs Use Drugs Total
20-29 26 (78.8%) 7 (21.2%) 33
30-39 49 (70.0%) 21 (30.0%) 70
40-49 21 (58.3%) 15 (41.7%) 36
50-59 4 (28.6%) 10 (71.4%) 14
60-69 4 (15.4%) 22 (84.6%) 26
70 or more 0 (0.0%) 4 (100%) 4

Total 104 79 183

#Excludes 9 subjects who did not respond to 1 or both
questions.
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19.1% of optometrists aged 50 years or older re-
ported conducting DFE’s; again, this difference was
statistically significant (p < 0.05).

It was also discovered that optometrists rarely
refer patients to other optometrists for either of the
above procedures (nearly 95% of respondents re-
ported rarely or never referring these procedures to
other optometrists). However, almost 60% of re-
spondents reported at least occasionally referring
patients to ophthalmologists for fundus examina-
tions and over 25% reported at least occasionally
referring patients to ophthalmologists for cyclo-
plegic refractions.

Over 18% of all respondents indicated that cyclo-
plegic refractions are neither performed nor re-
ferred procedures and nearly 13% reported likewise
for DFE’s. When this finding was examined in
terms of the age of an optometrist, a greater pro-
portion of those not performing or referring these
procedures were 50 years of age or older.

Current Views

All subjects were questioned on their views re-
garding drug use by optometrists. The majority of
respondents (55.56%) felt that DPA legislation was
not adequate in the province where their practice
was located; a further 27.8% had mixed feelings.
Nearly 84% of optometrists felt that DPA legisla-
tion should be standardized across Canada.

All subjects were asked to rate their level of
preparation for mydriatic and cycloplegic drug use.
Roughly 38% of all optometrists responded that
they were not very well or not at all prepared to
conduct either of these procedures. Further exami-
nation of this finding, by age, revealed that there
was a statistically significant difference between
the level of preparation reported by those under age
50 years compared to those 50 years of age or older.
Seventy-seven percent of optometrists under age
50 years reported being adequately or very well
prepared to use mydriatic agents, whereas only
17.0% of optometrists aged 50 years or more rated
themselves as being at least adequately prepared.
Similarly, 78.7% of respondents under age 50 years
reported they were adequately or very well prepared
to use cycloplegic drugs in their practice, compared
to only 10.6% of respondents aged 50 years and
over (Table 4).

When asked if they felt adequately trained to
detect peripheral fundus anomalies, only 20.4% of
all optometrists thought they were; a further 51.3%
reported mixed feelings. When this finding was
examined by age, there again was a statistically
significant difference in responses reported. Nearly
25% of optometrists under age 50 years reported
feeling adequately trained to detect peripheral fun-
dus anomalies in comparison to only 8.5% of op-
tometrists aged 50 years or more (Table 5).

Effects of DPA Utilization on Clinical Practice

When conducting a DFE only 21.4% of optome-
trists who use DPA’s reported always using the



TasLE 4. Level of mydriatic and cycloplegic drug preparation by
age (percent values in parentheses).

TasLE 6. Frequency of mydriatic/cycloplegic drug use by
optometrists in Canada.

Level of Age <50 yr Age 50+ yr

Preparation Me c M ¢

Very well 33 (23.4) 37(26.2) 0(0.0) 0(0.0)
prepared

Adequately 76 (63.9) 74(52.5) 8(17.0) 5(10.6)
prepared

Not well 31(22.0) 28(19.9) 29(61.7) 32 (68.1)
prepared

Not at all 1(0.7) 2(1.4) 10(21.3) 10(21.3)
prepared

Total® 141 (100) 141 (100) 47 (100) 47 (100)

M, mydriatic drug use; C, cycloplegic drug use.
®Excludes 4 subjects who did not respond to 1 or both
questions.

TaBLE 5. Responses to the question “Do you feel adequately
trained to detect peripheral fundus anomalies?”

Response Age <50 yr Age 50+ yr
Yes 35 (24.8%) 4 (8.5%)
No 40 (28.4%) 14 (29.8%)
Mixed feelings 66 (46.8%) 29 (61.7%)

Total® 141 (100%) 47 (100%)

@ Excludes 4 subjects who did not respond to 1 or both
questions.

binocular indirect ophthalmoscope (B10). An ad-
dition 23.3% reported using the B10 at least occa-
sionally, whereas the remaining 55.4% reported
rarely or never using the B10 when conducting a
DFE.

With respect to the length of time optometrists
have used diagnostic drugs in their practices, 81.1%
reported using them for less than 5 years, of whom
29.3% had used them less than 1 year. Table 6
shows the reported frequency of mydriatic/cyclo-
plegic drug use by optometrists.

Optometrists who reported using mydriatic/cy-
cloplegic agents were posed a number of questions.
Only 8.6% of mydriatic/cycloplegic drug users felt
that the use of these agents had reduced their
patient load, whereas nearly 71% felt that using
these agents had either no effect or had even in-
creased the number of patients they examined. It
was unclear from the responses whether the use of
these drugs had increased or decreased the number
of referrals made to ophthalmologists for disease
management. Nearly 33% reported an increase in
referrals, 25.9% reported a decrease in referrals,
and the remaining 41.4% were unsure. However, a
greater percentage of optometrists felt that the use
of these agents increased the rate of disease detec-
tion in their practices (44.8% thought disease de-
tection rates were increased, 24.8% thought they
had decreased, and the remaining 30.4% were un-
sure).

Only 4 of 106 optometrists who reported using
mydriatic/cycloplegic agents thought they had en-
countered some form of adverse drug reaction over

No. of Optometrists

Patient Visits No o
legislation Legislation Total
0% (Never use) 37 (565.2%) 43 (36.1%) 80 (43.0%)
1-9% 25 (37.3%) 53 (44.5%) 78 (41.9%)
10-29% 5 (7.5%) 17 (14.3%) 22 (11.8%)
30% or more 0 (0.0%) 6 (5.1%) 6 (3.3%)
Total 67 (100%) 119 (100%) 1862 (100%)

#Excludes 6 subjects who did not respond to 1 or both
questions.

the last year (Table 7). A fifth optometrist reported
“redness” after the instillation of tropicamide 1.0%.
Because we consider conjunctival hyperemia a nor-
mal reaction to the use of tropicamide, this report
was not included in Table 7.

Comparing DPA Users to Nonusers

A comparison was then made between the re-
sponses of all optometrists who reported using myd-
riatic/cycloplegic agents to all those who reported
never using these agents (irrespective of DPA leg-
islation). x2 analyses were used to test for statisti-
cally significant differences in responses. When
questioned on the importance of various factors in
preparing them for mydriatic/cycloplegic drug use,
the only variable which was significantly different
between the two groups was optometry school train-
ing (p < 0.05). Over 65% of optometrists who re-
ported using mydriatic/cycloplegic agents felt that
optometry school training was either moderately or
very important in preparing them for DPA use (as
opposed to only 34.8% of those not using these
agents). However, the majority of all optometrists
felt that continuing education workshops, lectures,
independent studies, and discussions with peers
were also important in preparing them for mydri-
atic/cycloplegic drug use.

Optometrists were also queried on factors impor-
tant to their decision whether or not to use mydri-
atic/cycloplegic agents. Legislation was one vari-
able that appeared to be an important factor for
both groups of optometrists. Nearly 89% of all
respondents indicated that legislation was either
moderately or very important in their decision to
use or not to use these agents. Optometrists who
use diagnostic drugs reported that improved quality
of care and the ability to enhance their professional
image were also important factors in their decision
to use diagnostic drugs. On the other hand, patient
inconvenience, risk of a malpractice suit, and the
provincial college of optometrists (the licensing
body) appear to have been important factors to
those not using these agents. And finally, the ex-
pense of drugs and equipment, the time required
for the procedures, the ability to attract additional
patients, and peer pressure did not appear to be
important considerations to the majority of optom-
etrists in making this decision.
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TasLE 7. Number of reported adverse reactions to diagnostic agents.?

Allergic

Diagnostic Agent Conjunctivitis Fainting Nausea Mydriasis >48 h
Cyclopentolate 0.5% 0 1 1 0
Cyclopentolate 1.0% 0 2 1 1
Cyclopentolate 2.0% 0 1 1 0
Tropicamide 0.5% 1 0 1 0
Tropicamide 1.0% 1 0 0 0

? Four optometrists reported 11 adverse reactions as follows: 1 optometrist reported 7 adverse reactions, 1 optometrist reported 2
adverse reactions, and 2 optometrists each reported 1 adverse reaction.

When the potential side effects of mydriatic and
cycloplegic drugs were examined, optometrists who
used these agents claimed to be better prepared to
deal with angle-closure glaucoma than optometrists
who did not use these agents (64.2 and 35.8%,
respectively). They also claimed to be better pre-
pared to deal with allergic conjunctivitis and faint-
ing. All differences were statistically significant (p
< 0.05). No differences were observed concerning
potential dislocation of an intraocular lens implant,
rise in blood pressure, cardiac arrest, or photopho-
bia (p > 0.05). Overall, optometrists felt they were
capable of dealing with a rise in blood pressure and
photophobia, were not ready to deal with the dis-
location of an intraocular lens implant, and were
mixed in their feelings regarding cardiac arrest.

DISCUSSION

Response rates, which are an indicator of the
representativeness of a sample of respondents, have
been studied by a number of researchers.'*!* When
deciding upon the representativeness of a study
sample, researchers vary in their opinions of what
constitutes an unbiased sample. This figure has
been reported to range anywhere from 75 to 85%
depending on the expert cited.”®'” Given that the
overall response rate obtained by this survey was
in excess of 90%, it can be stated with reasonable
certainty that the bias associated with nonresponse
should not pose a threat to this survey’s findings.
In other words, the results obtained from this sur-
vey should in fact be representative of Canadian
optometrists in general.

An assessment of the validity of a study’s findings
should consider whether the observed association
was due to alternative explanations, namely bias,
chance, or confounding. Because the questionnaire
was designed, pretested, and implemented accord-
ing to standard procedures and the subjects were
selected randomly, systematic error or bias should
not pose a threat to the validity of our findings. A
x? analysis was used to determine the likelihood
that sampling variability or chance could be consid-
ered an explanation for the observed association
between legislation and drug use. A statistically
significant association was found to exist between
the presence of DPA legislation and mydriatic/
cycloplegic drug use (p < 0.05). Confounding, the
third possible alternative explanation, was con-
trolled in the study by using multivariate analysis

370 OPTOMETRY & VISION SCIENCE

controlling for a number of potentially confounding
factors simultaneously. After having adjusted for
all the potentially confounding factors there was
still a statistically significant association between
legislation and mydriatic/cycloplegic drug use (p <
0.05).

Although this study shows that an important
association exists between legislation and drug use,
only 63.9% of optometrists reported using diagnos-
tic pharmaceutical agents in provinces with appro-
priate legislation. This indicates that there may be
other variables which influence whether or not an
optometrist will use diagnostic drugs. The logistic
regression analysis shows that the age of an optom-
etrist is also an important predictor of drug utili-
zation. From Table 3 it can be seen that only 18.2%
of optometrists 50 years of age or more (8 of 44)
reported using diagnostic agents. This in contrast
to the 69.1% (96 of 139) of optometrists under age
50 years reporting DPA use. Older practitioners
(those aged 50 years or more) are significantly less
likely to use DPA’s than younger optometrists.
Table 3 also shows a distinct decline in drug use
with increasing age. One possible explanation for
this finding is that before 1960 pharmacology
courses were not offered as part of the optometry
curricula at either of the two Canadian schools of
optometry. In fact, when questioned on prepared-
ness for drug use, the only variable that differed
statistically between users and nonusers was op-
tometry school training. Those optometrists who
were not trained in pharmacology may have elected
not to utilize diagnostic agents despite changes in
legislation which would permit their use.

The findings from this investigation indicate that
the introduction of DPA legislation in Canada has
left most older practitioners ill-prepared for myd-
riatic/cycloplegic drug use and as a result most have
elected not to use these agents in their practice. In
addition to the age of a practitioner, others have
suggested that geographic isolation and working in
solo practice are additional risk factors for failing
to keep up with changes in professional practice.’®
Geographic isolation was not specifically addressed
in this survey but the population where the optom-
etrist’s practice was located and the travel time to
the nearest ophthalmologist (both of which may be
indicators of geographic isolation) were not found
to be associated with DPA use. Optometrists work-
ing in solo practice were found less likely to use
diagnostic agents than optometrists working in



group practice. However, this finding simply re-
flects the fact that older optometrists are signifi-
cantly more likely to work in solo practice than
younger optometrists (p < 0.05). The results of this
survey illustrate the importance of targeting older
practitioners for additional continuing education
courses. These courses should be designed to facil-
itate the expanding role of the optometrist in pro-
viding services to the public.

It is of interest to note that of the 106 optome-
trists who reported using diagnostic agents, only 4
reported experiencing adverse reactions within the
past year. Four types of reactions were reported:
fainting, attributed to the use of cyclopentolate;
nausea, attributed to both tropicamide and cyclo-
pentolate; allergic conjunctivitis, attributed to tro-
picamide; and mydriasis lasting longer than 48 h
was attributed to cyclopentolate. We are unaware
of any reports in the literature which have associ-
ated fainting or nausea with the use of cyclopento-
late. However, fainting'® and nausea® are common
anxiety reactions to ocular procedures. Further-
more, adverse systemic reactions to tropicamide are
extremely rare®! and, as such, it is unlikely that the
reporting of nausea was a direct result of its use.
We are also unaware of any reports in the literature
which suggest that allergic conjunctivitis could re-
sult from the use of tropicamide. However, mild
transient stinging upon instillation is very com-
monly encountered with this drug.?* The reported
duration of action of cyclopentolate is up to a
maximum of 24 h. The observation of mydriasis
lasting longer than 48 h may have been due to an
idiosyncratic physiological response to the drug.
Therefore, it is doubtful that any of the side effects
reported by optometrists in this survey would ac-
tually qualify as adverse drug reactions to the use
of mydriatic and cycloplegic agents.

In conclusion, the hypothesis that the presence
of drug legislation does not affect the use of these
agents by optometrists was rejected. This particular
hypothesis was chosen for investigation inasmuch
as legislation appeared to be the most obvious pre-
dictor of drug use (the sample size needed to con-
duct this survey was also based on the testing of
this hypothesis). The results of this study show
that in addition to legislation, the variables age of
an optometrist, optometry school attended, and
type of practice (group or solo) were found to have
a statistically significant association with DPA use.
When these variables were combined in a logistic
regression model, it was found that legislation and
the age of an optometrist were the only two vari-
ables required to predict drug use.

With the passage of time, the observed associa-
tion between age and mydriatic/cycloplegic drug
use will likely change. As older optometrists leave
practice, there will be a commensurate rise in the
proportion of optometrists who will utilize these
DPA’s. Because this study was conducted early in
the life of pharmaceutical agent use by Canadian
optometrists, it may be prudent to conduct a similar

survey in 5 or 10 years hence to see what changes
have taken place in the profession.
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