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ABSTRACT 
Background: To analyze the academic characteristics, career trajectory, scholarly publications, and demographic background of 
the 100 most-cited authors in ophthalmic literature. 
Methods: In this observational cross-sectional study, a database containing every ophthalmology journal article from 1967 to 2018 
was built using Scopus journal article information. The 100 authors with the most citations were identified, along with a control 
group of authors with at least five publications. Information about each author, such as gender, institution, and educational 
degrees were found from online web searches. Intra- and inter-group analyses were performed to identify correlations that may 
lead to having a high level of impact in ophthalmology literature. 
Results: Of the 100 most-cited ophthalmologists, 56 practice in the United States (US) and only 12 are female. In an odds ratio 
(OR) analysis, highly-cited researchers more often lived in the US (OR, 2.97; P < 0.001), were male (OR, 2.4; P = 0.02), and graduated 
from an elite medical school (OR, 3.89; P = 0.02) and/or residency (OR, 3.67; P = 0.02), but were not from an undergraduate 
institution (P = 0.75). There was no difference in citation numbers between different ophthalmology subspecialties (P = 0.22) or 
advanced degrees (PhD, MPH in addition to MD). Women among the top-100-cited authors were more likely to author high impact 
journal articles (P < 0.05). 
Conclusions: Among highly-cited ophthalmologists, practicing in the US and attending a top medical school or residency program 
may provide training for a successful research career in ophthalmology. Additionally, top female ophthalmologists participate in 
more influential research. 
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INTRODUCTION 

The impact of a career in ophthalmic research is based on 
a series of decisions. These include selecting a medical 
school and residency program, choosing between 
academic and private practice, whether to pursue 
fellowship training and/or additional advanced degrees 
such as a Master of Public Health (MPH), Master of 

Business Administration (MBA), or Doctor of Philosophy 
(PhD). These options can be instrumental in facilitating a 
fruitful academic career [1-4]. Previous studies have 
described the characteristics of American ophthalmology 
residency program directors [1], department chairs [2], 
and clinician-scientists receiving National Institute of 
Health (NIH) grants [3]. Gershoni et al. investigated the 
impact of subspecialty choice on research productivity, 
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ABSTRACT
Background: Cataract is an age-related eye disease. Visual impairment from cataract can be restored by 
cataract surgery. In 2004 the Canadian federal government invested in a multibillion dollar wait time strategy 
to shorten the wait time for cataract surgery, a government-insured health service in all Canadian jurisdictions. 
We assessed if this nationwide policy reduced the number of Canadians waiting for cataract surgery as more 
individuals with cataract were free of cataract following the rapidly conducted surgery. 
Methods: In this cross-sectional study we analyzed data from randomly selected individuals aged ≥ 45 years 
responding to the Canadian Community Health Survey (CCHS) in 2000/2001, 2003, 2005, and the CCHS 
Healthy Aging in 2008/2009. Information on cataract was obtained from self-reported questionnaire. The 
age- and sex-standardized prevalence of cataract was calculated for comparisons. 
Results: Cataract was reported by 0.93 million Canadians in 2000/2001, 0.99 million in 2003, 1.10 million 
in 2005, and 1.34 million in 2008/2009. This corresponds to an age- and sex-standardized prevalence of 8.9% 
in 2000/2001, 9.0% in 2003, 9.5% in 2005, and 10.2% (P <0.05) in 2008/2009. The increase in age- and 
sex-standardized prevalence was greater in individuals without secondary school graduation than those with 
secondary school graduation or higher (4.3% versus 1.3%, P < 0.05) and was seen in all Canadian provinces. 
The largest increase was documented in a province (Saskatchewan, from 9.8% in 2000/2001 to 12.6% in 
2008/2009, P < 0.05) with the longest median wait times for cataract surgery (118 days in 2008) and the 
lowest number of ophthalmologists per 100,000 population (1.96 versus 3.35 national average). 
Conclusions: The age- and sex-standardized prevalence of cataract increased 4-5 years after the multibil-
lion-dollar wait time strategy was launched in 2004. A lower threshold to diagnose cataract may be one potential 
reason for this finding. Further research is needed to understand the true reasons for the increase.
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Introduction 
Cataract is a leading cause of visual impairment [1]. It increases the risk of falls and injuries [2, 3]. Visual 
impairment from cataract can be restored by cataract surgery. In Canada, the cost of cataract surgery is covered by 
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federal and provincial governments. Prior to 2004, Canadians complained about the lengthy wait for cataract 
surgery. For instance, nearly half (48%) of Ontarians waited longer than the recommended maximum wait 
time benchmark of 16 weeks in 2003/2004 for this surgery [4]. 

To address the long wait times, from 2004, the Canadian federal government invested multibillion dollars to 
launch a wait time strategy to shorten wait times for medical care in five priority areas including cataract surgery 
in all Canadian jurisdictions [5]. This study examines the policy in relation to cataract surgery. Following this 
strategy, the number of cataract surgeries increased and the wait time for cataract surgery was reduced. As an 
example, in Ontario the number of cataract surgeries increased from 100,000 in 2003 to 140,000 in 2009 [6] 
and the percentage of patients who received cataract surgery within the benchmark of 16 weeks increased 
from 52% in 2003/2004 to 81% in 2014 [4, 7]. 

It is unknown however if this nationwide wait time strategy was successful in reducing the number of 
Canadians with cataract. We hypothesized that post-2004, the number of Canadians with cataract was reduced 
due to the shortened wait times and the increased volumes of cataract surgery [6, 7]. This study aimed to test 
this hypothesis. To better understand the impact of the policy intervention, our study also analyzed trends 
of cataract prevalence by province, educational level, and visual impairment in individuals with and without 
cataract.

methods
In this cross-sectional surveys we analyzed data collected from participants randomly selected by Statistics 
Canada in four nationwide surveys: the Canadian Community Health Survey (CCHS) in 2000/2001 (n = 
60,569), 2003 (n = 68,036), 2005 (n = 66,475), and the CCHS Healthy Aging in 2008/2009 (n = 30,849) 
[8-11]. 2008/2009 was the last study year because vision-related questions, including cataract, were removed 
from the CCHS by Statistics Canada thereafter. Survey subjects were randomly chosen by Statistics Canada 
from a complex survey design with 2 sampling processes: household sampling and individual sampling [12-
15]. Survey response rates ranged from 91.9% in CCHS 2000/2001 to 92.9% in CCHS 2005 at the individual 
level [12-15]. Only respondents aged ≥ 45 years were included in the study for two reasons: 1) this was 
the youngest age surveyed in the CCHS Healthy Aging; and 2) cataract is a condition that largely affects 
people aged ≥ 45 years. Informed consent was obtained by Statistics Canada from all participants. The analysis 
of Statistics Canada data for this study was approved by the University of Toronto Research Ethics Board 
(protocol number 36562).

The number of individuals with cataract and the prevalence of cataract were the primary outcomes. Information 
on cataract was collected through survey questions: “Now I’d like to ask about certain chronic health conditions 
which you may have. We are interested in long-term conditions that have lasted or are expected to last 6 months 
or more and that have been diagnosed by a health professional.” Following this opening question, respondents were 
asked “Do you have cataracts?” [16-19]. A positive answer was considered having cataract.

Respondent’s age, sex, ethnic background, and province of residence were self-reported. Information on the 
highest level of education attained by the respondent was obtained through a series of questions that were grouped 
into four categories by Statistics Canada: less than secondary school graduation, secondary school graduation 
but no postsecondary education, some postsecondary education, and postsecondary degree/diploma. To allow 
for adequate sample sizes for meaningful analyses, we further consolidated this information into those who 
graduated from secondary school and those who did not.

Information on vision status was obtained from the survey question [16-19]: “The next set of questions asks 
about your day-to-day health. The questions are not about illnesses like colds that affect people for short periods. 
They are concerned with a person’s usual abilities. You may feel that some of these questions do not apply to you, 
but it is important that we ask the same questions of everyone” [16-19]. After this introduction, respondents 
were asked: 
“Are you usually able to see well enough to read ordinary newsprint without glasses or contact lenses?”
“Are you usually able to see well enough to read ordinary newsprint with glasses or contact lenses?”
“Are you able to see at all?” 
“Are you able to see well enough to recognize a friend on the other side of the street without glasses or contact lenses?” 
“Are you usually able to see well enough to recognize a friend on the other side of the street with glasses or contact lenses?” 

Replies to the above questions were categorized by Statistics Canada into five mutually exclusive groups [8-11]:
(i) no visual problems; 
(ii) problems corrected by lenses (distance, close, or both); 
(iii) problems seeing distance (not corrected); 
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(iv) problems seeing close (not corrected); and 
(v) problems seeing close and distance (not corrected) or no sight at all (blindness). 

In the analyses, respondents with answers of (iii), (iv), or (v) represented someone with visual impairment 
seeing distance (iii), close (iv) or both (v), while those with answers of (i) and (ii) represented individuals with 
intact vision or vision problems corrected by lenses. 

Data on median wait time for cataract surgery were gathered from reports by the Canadian Institute for Health 
Information [7] and the Institute for Clinical Evaluative Sciences [4]. We compared wait times for cataract 
surgery both before and after the wait time strategy was introduced for the provinces of Ontario and British 
Columbia using published reports [4, 6, 7]. Provincial distributions of ophthalmologists per 100,000 population 
were obtained from a published report [20]. 

Data were analyzed with SAS software (version 9.4). The prevalence of cataract was calculated as the 
proportion of people who self-reported having cataract among all respondents. Analyses were broken down by 
age, sex, highest level of education attained, and province of residence. To remove the effects of age and sex 
on comparisons over different study years, we calculated the age- and sex-standardized prevalence of cataract 
using the Canadian 2006 census population as the standard [21, 22]. Standardized rate ratios (SRR), obtained 
by dividing one age-standardized rate by another, and their corresponding 95% confidence intervals (CIs) 
were calculated to assess the statistical significance of the difference in standardized rates [23]. To account 
for the complex survey design and sample selections and to adjust for nonresponse, seasonal effect, and post-
stratification, we used the survey weights provided by Statistics Canada in all analyses as required by Statistics 
Canada when producing population estimates [12-15]. 

Results
Figure 1 shows the number of Canadians who answered positively to the cataract question in each of the 
survey years. The number of individuals with cataract increased from 0.93 million in 2000/2001 to 1.34 
million in 2008/2009. Figure 2 displays the age- and sex-standardized prevalence of cataract in Canada. As 
shown, this increased from 8.9% in 2000/2001 to 10.2% in 2008/2009 (P < 0.05) among Canadians aged ≥ 
45 years, and from 22.2% in 2000/2001 to 24.2% (P < 0.05) among those aged ≥ 65 years. 

The increase in age- and sex-standardized prevalence was significantly greater (P < 0.05, Figure 3) in individuals 
who did not graduate secondary school (4.3%) compared to those who completed secondary school education 
or higher (1.3%).

Figure 4 shows the age- and sex-standardized prevalence in each province in all survey years. The greatest 
increase was documented in the province Saskatchewan, from 9.8% in 2000/2001 to 12.6% (P < 0.05) in 
2008/2009. 

  

Figure 1. Estimated number of individuals with cataract in Canada from 2000/2001 to 2008/2009.
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Figure 2. Age- and sex-standardized prevalence (%) of cataract in Canada from 2000/2001 to 2008/2009.

 

Figure 3. Age- and sex-standardized prevalence (%) of cataract by the highest level of education attained.

  

Figure 4. Age- and sex-standardized prevalence (%) of cataract in 10 Canadian provinces from 2000/2001 to 2008/2009.
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Figure 5. The median wait time for cataract surgery in 9 Canadian provinces. Detailed information for Newfoundland and Labrador is not 
available. Data for other study years was not available. Data source: Canadian Institute for Health Information [7] and Institute for Clinical 
Evaluative Sciences [4]. 

 

 

 

Figure 6. The prevalence (%) of visual impairment in individuals with and without self-reported cataract from 2000/2001 to 2008/2009. For 
2005 data, only respondents from British Columbia were available.  

Figure 5 shows the cataract surgery median wait time from 9 Canadian provinces. Wait time was 105 days (15 
weeks) in 2003/2004 in Ontario compared with 43 days (6 weeks) in 2009 and was 72 days (10.3 weeks) in 
2004 in British Columbia versus 49 days (7 weeks) in 2009. In 2008, wait times in the 9 provinces ranged from 
42-118 days (6-17 weeks) and was 37-95 days (5-14 weeks) in 2009. In both 2008 and 2009, Saskatchewan had 
the longest median wait times for cataract surgery (118 days versus 42-78 days in other provinces in 2008 and 95 
days versus 37-88 days in other provinces in 2009, Figure 5) [7]. Saskatchewan also had the lowest number of 
ophthalmologists per 100,000 population (1.96 versus 3.35 national averages) [20]. These results indicate that 
the greatest increase in cataract prevalence occurred in Saskatchewan (Figure 4).

Figure 6 shows that individuals with cataract were more likely to report visual impairment than those without 
cataract (4.7%-9.5% versus 1.4%-2.0%, P < 0.05). This finding holds in all survey years. However, the prevalence 
of visual impairment in individuals with cataract decreased from 9.0%-9.5% pre-2004 to 4.7%-6.1% post-2004 
(P < 0.05), possibly suggesting both a lowered threshold for cataract surgery and shortened wait time for cataract 
surgery. This is in contrast with a stable prevalence of visual impairment among individuals without cataract over 
the study years (1.4%-2.0% pre-2004 versus 1.4%-1.8% post-2004, P > 0.05).
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Discussion
The prevalence of cataract and wait times for cataract surgery are two different concepts. However, they are 
highly correlated. If cataracts were not surgically removed, the number of people with cataracts would increase. 
This would lead to an increased prevalence of cataracts in the population. 

In 2004, all Canadian provincial governments implemented a nationwide policy to shorten wait times for 
cataract surgery. This policy successfully reduced patient wait times for cataract surgery as shown in some 
individual provinces from 2004-2008 [4, 6, 7, 24], for example from 15 weeks in 2003/2004 to 7-8 weeks in 
2009 in Ontario [4, 6]. Following the policy, the rate of cataract extraction increased significantly [6], mainly 
through increasing access to operating room time and improved efficiencies [25]. Despite these achievements, 
we report that the age- and sex-standardized prevalence of cataract increased post- versus pre-2004 (P < 0.05), 
particularly among people with lower levels of education and those residing in Saskatchewan. The reported 
increased prevalence of cataract post-2004 is in line with the projected need for cataract surgery doubling from 
2006 to 2036 in Ontario, Canada, using the 2006 surgery rate (during the wait times strategy) as the base rate in 
the calculations [26].

Population aging increases the prevalence of cataract. In 2004, Condon et al. projected a dramatic increase 
in the number of aging Americans affected by cataract by 2020 [27]. Their conclusion was based on estimates 
of population aging with no policy interventions. In the wake of a Canada-wide policy intervention aimed at 
reducing wait time for cataract surgery, our data indicates that more Canadians had cataract post- versus pre-
intervention, even when the effect of aging was adjusted for. Thus, additional factors other than aging likely 
contributed to the increased prevalence of cataract.

We postulate four potential reasons to account for the increase. First, the increased prevalence may have resulted 
from a lowered threshold to diagnose cataract in 2008/2009 compared with the threshold used to diagnose 
cataract and cataract surgery about 10 years earlier in 2000/2001 [28-32]. This postulation could be justified 
utilizing the outcome data from a prospective study that compared two patient cohorts (6 years apart, 1999-2000 
versus 2006-2007) waiting for cataract surgery in Montreal, Canada. These authors reported better preoperative 
visual acuity in the latter/recent cohort (2006-2007 versus 1999-2000) [28]. The increased number of cataract 
patients from the lowered threshold for cataract diagnosis and cataract surgery may have outweighed the impact 
of changes introduced through the wait time strategy, thus leading to more cataract patients overall.

A second possibility involves the rising prevalence of diabetes in recent years in Canada [33, 34]. The risk of 
cataract in patients with diabetes was nearly twice that in non-diabetic subjects (odds ratio 1.97, 95% confidence 
interval 1.45-2.67) in a meta-analysis [33]. From 1998/1999 to 2008/2009, the prevalence of diabetes among 
Canadians increased by 70% [35]. However, our study was cross-sectional surveys, that is information on cataract 
and diabetes was collected at the same time, thus we could not provide reliable data whether cataract occurred 
before or after diabetes.  

Thirdly, better detection of cataract from an increased number of optometrists in recent years may have led to 
the increase. The number of actively registered optometrists in Canada increased from 3,584 in 2000 to 4,581 
in 2009 [36]. The increased optometric services may have resulted in improved access to eye examinations and 
better detection of cataract, thus more cataract patients. 

Finally, incorrect answers cannot be ruled out in any population-based surveys. However, we do not think it 
is likely that incorrect answers drove the time trend we reported, as we do not have any reasons to believe that 
incorrect answers occurred more frequently in years after 2004 than years prior to 2004. The high prevalence 
of visual impairment in individuals with self-reported cataract versus those without self-reported cataract in all 
survey years (Figure 6) suggests that the cataract question was answered correctly by the majority of respondents 
in all survey years.

Our cataract prevalence increase was found to be greater among individuals with lower levels of education. This 
may suggest a greater incidence of cataract and/or disparity in accessing cataract surgery in this sub-population. 
Lower levels of education and poor diet are risk factors for cataract [37-39]. Together they may contribute 
synergistically to the increased prevalence of cataract among the low educated [37-39]. Furthermore, although 
cost barriers for cataract surgery have generally been removed by universal health coverage in Canada, health 
inequality is a well-documented issue in this country. Bell et al. showed that Ontarians living in low-income 
neighborhoods are less likely to receive cataract surgery than those living in higher-income neighborhoods [40]. 
The mechanisms underlying socioeconomic-related vision health inequality are not well-known and need to be 
investigated further. 

There are limitations to this study. First, self-reported health data may be associated with detection and recall 
biases. The validity of self-reported cataract has been rarely examined. In a study from Mexican-Americans, self-
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reported cataract was associated with a sensitivity of 36.8% and a specificity of 92.5% within 1 year from their 
last eye examination [41]. We do not know if this Mexican-American-based finding can be applied to a majority-
white Canadian population. To provide accurate estimates on the prevalence of cataract, population-based eye 
exams are needed. Such studies however have not been conducted in Canada. 

Health administrative data may contain information on cataract diagnosis and offers the potential to study 
changes in the prevalence of cataract over time. However, such data contains no information beyond age and 
sex and still suffers from the issue of inaccurate diagnosis as all patients referred for cataract consultation will 
be coded with cataract diagnosis during the physician billing process, even if the final diagnosis is not cataract. 
Moreover, it is quite challenging for researchers to negotiate data sharing agreements from 10 provinces to use 
their administrative data. Thus, self-reported surveys are a good alternative for obtaining data on cataract from a 
large population-based scale. This type of data has been widely used in many prior studies in the USA, Canada, 
Korea, and Taiwan [42-45].  

A second limitation relates to the CCHS content change from year to year. Unfortunately, the CCHS Healthy 
Aging survey from 2008/2009 was the last one to assess cataract. We are thus unable to report more recent 
changes. However, the focus of our study was to examine if the wait time strategy reduced the number of 
Canadians with cataract, not to provide the latest number of Canadians affected by cataract. We therefore do 
not think this limitation invalidates our results. Previously we reported that the wait time for cataract surgery 
decreased from around 100 days in 2006 to 50 days in 2009 in Ontario, and then increased slightly from 50 days 
in 2009 to around 70 days in 2013 (a 28.5% increase) [6]. Nationwide, the percentage of patients undergoing 
cataract surgery within the benchmark (16 weeks) decreased from 80% in 2014 to 70% in 2018 [7]. All these 
suggest that the prevalence of cataract may be even higher post- versus pre-2004 if data from more recent years 
were available, thus supporting our findings with data up to 2009. 

Thirdly, data on nationwide wait time before 2004 is not available. However, such information is available for 
Ontario and British Columbia. The data supports the reduction in wait times for cataract surgery following the 
introduction of the wait time strategy (Figure 5). Furthermore, information on interquartile range (IQR) for wait 
times was not available from the published report. The Canadian Institute for Health Information (CIHI) only 
reported the 50th percentile (median) wait time for individual provinces. There is no information available for 
the whole country or the 9 Canadian provinces combined. We are, therefore, unable to combine the cumulative 
data of all nine provinces.

Study strengths include randomly selected participants, good response rate, comprehensive information, 
and data from ten provinces. We call for Statistics Canada to continuously include vision related questions (e.g. 
questions related to cataract and glaucoma) in their annual surveys so that data from more recent years will 
be available. We also call for Statistics Canada to include an additional question on cataract surgery following 
the cataract question. Furthermore, to have accurate estimates on eye diseases, studies of population-based eye 
exams in Canada are needed.

ConclusionS
A shortened wait time for cataract surgery likely leads to reduced numbers of people with cataract owning to more 
individuals with cataract receiving cataract surgery. However, this study reports that 4-5 years after a nationwide 
wait time strategy was launched, the prevalence of cataract and the number of Canadians with cataract were not 
reduced, but increased. This finding may reflect a change in the cataract diagnosis threshold, the rising prevalence 
of diabetes, and increased access to eye examinations. More studies are needed to investigate the reasons behind 
this increase. 
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