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Abstract
Older adults who undergo cataract extraction have roughly half the rate of motor vehicle collision
(MVC) involvement per mile driven compared to cataract patients who do not elect cataract
surgery. Currently in the U.S., most insurers do not allow payment for cataract surgery based upon
the findings of a vision exam unless accompanied by an individual’s complaint of visual
difficulties that seriously interfere with driving or other daily activities and individuals themselves
may be slow or reluctant to complain and seek relief. As a consequence, surgery tends to occur
after significant vision problems have emerged. We hypothesize that a proactive policy
encouraging cataract surgery earlier for a lesser level of complaint would significantly reduce
MVCs among older drivers. We used a Monte Carlo model to simulate the MVC experience of the
U.S. population from age 60 to 89 under alternative protocols for the timing of cataract surgery
which we call “Current Practice” (CP) and “Earlier Surgery” (ES). Our base model finds, from a
societal perspective with undiscounted 2010 dollars, that switching to ES from CP reduces by
about 21% the average number of MVCs, fatalities, and MVC cost per person. The net effect on
total cost – all MVC costs plus cataract surgery expenditures -- is a reduction of about 16%.
Quality Adjusted Life Years would increase by about 5%. From the perspective of payers for
healthcare, the switch would increase cataract surgery expenditure for ages 65+ by about 8% and
for ages 60 to 64 by about 47% but these expenditures are substantially offset after age 65 by
reductions in the medical and emergency services component of MVC cost. Similar results occur
with discounting at 3% and with various sensitivity analyses. We conclude that a policy of ES
would significantly reduce MVCs and their associated consequences.
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1.0 Introduction
Older adults who undergo cataract extraction have roughly half the rate of motor vehicle
collision (MVC) involvement per mile driven compared to cataract patients who do not elect
cataract surgery (Owsley et al. 2002). Currently in the U.S., most insurers do not allow
payment for cataract surgery based upon the findings of a comprehensive eye examination
unless accompanied by an individual’s complaint of visual difficulties that seriously
interfere with driving or other daily activities. (Corcoran and Johnson 2005). Furthermore,
even if insurer regulations are not rigorously enforced, individuals may be slow to seek
relief for cataract symptoms due to cognitive deficits, age, insurance coverage, income or
simple procrastination (Gerald McGwin et al. 2006) (Hall et al. 2005) (Escarce 1993). As a
consequence, surgery tends to occur after significant vision problems have emerged. In the
meantime, some drivers who are at risk for crashes may voluntarily modify their driving
behavior by avoiding exposure to challenging driving situations (e.g. driving alone, turning
left across traffic, driving at night) (Ball et al. 1998). Voluntary restriction, however, is an
imperfect tactic because the individual may misjudge their capabilities and risk. For
example, Friedman et al. found that a subset of the elderly population have a substantial
discrepancy between self -reported reading difficulty and measured reading speed (Friedman
et al. 1999). Eby and Molnar also observe that “ Many older individuals in the early stages
of dementia can and do drive safely...[but they] are likely to lack the insight needed to make
appropriate decisions about stopping or restricting their driving in response to declines in
driving-related abilities” (Eby and Molnar 2010). We hypothesize that replacing the current
operate-upon-serious-complaint rule with a rule that permits earlier cataract surgery for a
less serious complaint of visual difficulty has the potential to appreciably reduce MVC rates
for older drivers. In this paper we report the results of a simulation model, based upon data
from the Impact of Cataract on Mobility (ICOM) study, described below, (Owsley et al.
2002) and related literature, that compares the number of MVCs under current standards
with those under a more relaxed standard.

Research to date has established several important facts about the risk for MVCs among
older people with cataracts. First, cataract is the leading cause of vision impairment in older
adults in the United States (Centers for Disease Control and Prevention 2011). Population
based studies show that approximately 50% of white adults and 60% of African Americans
age 65 to 74 years have cataracts (Klein et al. 1992, West et al. 1998). Cataracts cause
deficits in visual acuity and contrast sensitivity as well as increased disability glare (Rubin et
al. 1997). Studies assessing the Quality Adjusted Life Years (QALYs) that individuals
assign to various health conditions have found that mild, moderate, or severe vision
impairment due to cataract respectively decrease QALYs to 0.59, 0.45 or 0.29 compared to a
rating of 1.0 assigned to perfect health. (Tengs and Wallace 2000). Additionally, older
drivers with cataract are more likely to have a history of crash involvement compared with
older drivers who are cataract free (Owsley et al. 2001). For all older drivers, the risk of a
crash rises with age as does the risk of serious injury or death in a crash (U.S. Dept of
Transportation and National Highway Traffic Safety Administration 1993) (Evans 1988).
Among various measures of vision, contrast sensitivity has been found to be the best
predictor of crash risk among persons who have cataracts after controlling for other vision
characteristics, cognitive status, and miles driven (Owsley et al. 2001). Cataract surgery,
fortunately, has been found to be successful at slowing the rate of increase in crash risk. In
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one study of persons with cataracts, those who elected surgery had roughly half the MVC
rate compared to those that did not (Owsley et al. 2002). Although some older drivers tend
to restrict their driving in response to deteriorating vision, they generally do not increase
their driving following successful cataract surgery (Owsley et al. 2002). Thus reductions in
crash risk achieved by cataract surgery are not offset by increases in driving post surgery
(Owsley et al. 2002).

So far, these facts have not been linked and analyzed to determine what would happen if the
current practice of delaying cataract surgery until a patient complains sufficiently were to be
replaced by a proactive policy of making cataract surgery available earlier when symptoms
of visual problems initially appear. From the perspective of direct medical costs for cataract
surgery, delay reduces the number of surgeries in a particular age cohort because some
candidates will die of other causes or become institutionalized before they are eligible for an
operation while, in contrast, a proactive program would increase the number of surgeries.
For example, for a cohort of persons at age 60, about 6% of them will have died by age 65
and 15% will have died by age 70 (Arias 2007). Thus delaying surgery reduces the number
to be performed on a cohort. The financial present value of a surgery would also rise when
performed earlier. However, both direct medical costs and deaths due to MVCs may be
reduced by shortening the period of exposure to a heightened risk of crash due to cataract.
These considerations create a classic cost-effectiveness question of the relationship between
changes in cost to changes in crashes avoided. Additionally, consideration should be given
to the improvement in quality of life that occurs due to improved vision following cataract
surgery.

2.0 Methods
A Monte Carlo model was developed to simulate the motor vehicle collision experience of
the US population from age 60 to 89 under alternative protocols for the timing of cataract
surgery which we call “Current Practice” (CP) and “Earlier Surgery” (ES). Age-related
cataract often starts to cause functional vision problems in adults during their 60s, including
being troublesome for driving (Owsley et al. 1999). The model starts 5 years before
eligibility for Medicare so as to examine how a protocol permitting earlier surgery might
shift expenditures from Medicare and its supplemental insurers and beneficiaries to pre-
Medicare age payers. The model tabulates expenditures for ages 60 to 64 and for 65+
without parsing further among specific payers. Variables of interest over this timespan for
an individual are the number of MVCs, cost of MVCs, probability of a fatality, probability
of having cataract surgery, the age at which surgery occurs, its cost to either private payers
or Medicare, and quality of life of the individual. The model adopts a societal viewpoint but
also considers the distribution of surgical costs to private and public payers. All dollar
values are adjusted to 2010 equivalents, and future events are discounted to present value so
that both are measured in the same metric regarding time. Discounting is the reverse of the
process of compounding interest. An event in the future is worth less than when it is
immediately available. Discounting can be viewed as either a financial or psychological
phenomenon (Stokey and Zeckhauser 1978). Discounting both costs and outcomes (at 3%)
has been recommended by the U.S. Panel on Cost Effectiveness in Health and Medicine
(Weinstein et al. 1996). Nord, however, has recently argued that while discounting outcomes
has a role in individual financial decisions, it lacks a strong theoretical foundation for public
policy choices (Nord 2011). We find Nord’s argument to be persuasive and we consequently
discuss results from both a discounted and un- discounted perspective, although results are
similar in both cases.
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ICOM Data
Our model uses data from the Impact of Cataracts on Mobility (ICOM) study to derive
parameters for our model as described below (Owsley et al. 2002). ICOM was a prospective
cohort study designed to address the question, for older drivers who have cataract, of
whether cataract surgery impacts the MVC rate. The study compared the crash rates of
individuals, age 55 to 84 at enrollment, who elected cataract surgery to those who stated that
they did not wish to have the surgery. Participants were recruited from eye clinics affiliated
with the University of Alabama at Birmingham. They were interviewed at baseline and at
two subsequent annual study visits. Of 277 participants, 140 elected to have surgery at
baseline and 137 declined. Eventually 34 of those who declined surgery changed their minds
and elected surgery so that in the end there were 174 (140 + 34) who had surgery and 103
who did not have surgery during the follow-up period. An additional 102 patients without
evident cataract were followed for comparison. Table 1 shows the demographics and some
baseline vision characteristics of the Surgery and No Surgery groups. The average
participant was a white non- Hispanic with a high school education. Females were more
prevalent in the Surgery Group (53%) and less prevalent (35%) in the No Surgery Group.

At each interview, ICOM participants were asked about their visual difficulties, using the
Activities of Daily Vision Scale (ADVS) The ADVS is a well validated questionnaire for
assessing visual difficulties due to cataract from the patient’s perspective (Mangione CM et
al. 1992). Higher ADVS scores denote better vision and fewer complaints of difficulty in
doing daily activities including driving. The ADVS ranges in value from 0 (no sight) to 100
(no visual difficulties). It has subscales measuring difficulty in driving by day and by night,
difficulties with glare, near vision and far vision. It thus measures the types of complaints
that an ophthalmologist would have to consider for the individual to be eligible for health
insurance reimbursement for cataract surgery. As shown in Table 1, the ICOM Surgery
Group at baseline (before surgery) had significantly worse ADVS scores overall and in
regard to night driving and disability glare compared to the No Surgery Group. Compared
with the No Surgery Group, visual acuity and contrast sensitivity were worse in the better
eye while disability glare was less accentuated in the Surgery Group.

Although the ADVS is not formally used to determine when an individual qualifies for
cataract surgery under current guidelines, we use it in our simulation model because it
speaks to current practice that requires an individual to complain sufficiently about
limitations of activities due to vision problems in order to be eligible for insurance
reimbursement for cataract surgery. Previously it has been reported that ADVS change
scores were significantly correlated with changes in visual acuity, contrast sensitivity, and
disability glare independent of age, sex, race, education, chronic medical conditions and
ocular comorbidities for individuals in the ICOM study. Furthermore, in the ICOM surgery
group, multiple linear regression models showed that visual acuity in the first-eye surgery
had a significant, independent association with the change in the overall ADVS score and
with the change in night driving and disability glare subscales (McGwin et al. 2003). Thus
the ADVS is indeed associated with objective visual difficulties in the ICOM sample and it
is relevant for assessing eligibility for cataract surgery.

Information regarding MVC involvement was collected on enrollees by obtaining accident
reports from the Alabama Department of Public Safety. At baseline, a five year prior history
of crashes was collected; MVC information was then collected prospectively for an
approximately five year period.
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Demographics & Vision
The model begins by randomly selecting an individual at age 60 with gender and race
corresponding to the U.S. White and Black population. Each year the individual faces a
probability of dying based upon U.S. lifetables (Arias 2010) and the possibility of a fatal
MVC (Blincoe et al. 2002). Race is restricted to White and Black because they are the only
groups in the ICOM sample and because information on the frequency of cataract,
progression of vision deterioration with age, and MVC frequency among other racial/ethnic
groups is generally not available from other sources.

Next, the individual is randomly assigned a value of the ADVS as a measure of vision
status. In our base model, as a starting point for testing various alternative specifications, the
individual is randomly assigned a value of the ADVS drawn from a right skewed
distribution with mean 76.4 (SD =18.6), median 80, an upper bound of 100 and a lower
bound of 20 as shown in Figure 1. The distribution is based on the entire population in the
ICOM study, including persons who had not yet been found to have cataracts. Thus our
simulation model starts off with part of the population immediately eligible for surgery
under either the CP or ES criteria while the rest of the population is assumed to gradually
deteriorate to a point where they may be eligible for surgery if they are still alive. This
distribution is somewhat better than the distribution of the overall ADVS score (mean 67,
SD=22) reported by Mangione and colleagues in their development of the ADVS (Mangione
CM et al. 1992). Their work however was based on an older population (mean age 75 years,
SD= 9) already scheduled for cataract surgery whereas we wish to simulate a cohort
beginning at age 60 with cataracts in various stages of development. We are not aware of
any study that has tracked ADVS values for individuals over a period as long as the 30 years
that we consider. Cross sectional studies show that various measures of vision deteriorate
with age, often with periods of stability (Haegerstrom-Portnoy et al. 1999) (Rubin et al.
1997). Because the ADVS indicates how much an individual is bothered by vision issues in
daily life, it may be that year to year changes in the ADVS will sometimes show an
improvement. This is the case for some individuals in the 3 years monitored by the ICOM
study. To allow for gradual deterioration of vision with age and the possibility of being less
bothered in some years, our base model has a variable annual rate of depreciation drawn
from a triangular distribution which allows the ADVS to improve by as much as 1 % or
decline by as much as 3% with no change being the most common occurrence. Following
cataract surgery, the individual experiences a change (usually an improvement) in ADVS
that is randomly drawn from the distribution of change in the ADVS observed in the ICOM
(mean improvement 16.7, SD=17.2, range minimum -28, maximum 75). This new ADVS is
assumed to persist for the remaining lifetime. In sensitivity analyses, we have examined
situations (see Methods, Sensitivity Analyses “Case 4”) where the population begins with
generally high level of ADVS but experiences a faster rate of decline than in our base
model.

Timing of Surgery
An individual’s ADVS can be used to determine when and if the individual has surgery.
Under the CP and ES protocols, respectively, surgery occurs in the base model at ADVS
values of 70 and 80. These thresholds are based upon the median ADVS scores of persons in
the ICOM with cataracts who initially choose to have surgery (70) or declined to have
surgery (80). The model assumes that everyone receives surgery immediately upon
becoming eligible.

Mileage
The U.S. Department of Transportation reports that men and women ages 55-64 respectively
drive an average of 15,859 and 7,780 miles per year and roughly a third less at older ages
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(U.S. Department of Transportation and Federal Highway Administration 2011). To more
precisely take account of the effects on miles driven of age, gender, ADVS score and
whether or not the person has yet had cataract surgery, our model computed an individual’s
miles driven per year from a regression equation based on ICOM data. In the model, mileage
is positively related to ADVS but it falls with age and falls by 1,646 miles per year after the
occurrence of cataract surgery despite the overall improvement in ADVS due to surgery. For
example, in our base model a 65 year old male with ADVS=80 who has not yet had surgery
will drive 12,796 miles per year.

MVC Frequency, Severity, Fatalities and Costs
In our model, the probability of an individual experiencing a MVC in any year is positively
correlated with miles driven, being male, and the square of age and negatively correlated
with the ADVS score, age and the receipt of cataract surgery. The computed probability is
based on a panel data logistic regression model estimated from ICOM data. Age 72 is the
crossover point where the probability of an MVC begins to rise after initially falling from
age 60. Whether or not a MVC occurs for a given individual is determined, following
standard practice in simulation modeling, by comparing the computed probability to a
random number (Stokey and Zeckhauser 1978). If the MVC occurs, another random number
is drawn to determine the probability of a fatality and the corresponding total cost of the
MVC, adjusted into dollar values for 2010, based upon our calculations of the frequencies of
these events reported by (Blincoe et al. 2002) as shown in Table 2 .

Surgery Expenditures
Our main interest in modeling direct surgery costs is to determine how a policy of earlier
surgery would increase the incidence of surgery and shift expenditures into the years prior to
Medicare eligibility. Our base model assumes that all subjects who become eligible for
surgery receive surgery at a total cost of $2,000 (in 2010 dollars) (Cutler and McClellan
2001). We do not explicitly model whether surgery is one eye or both eyes but assume that
whatever is performed occurs within a given year and achieves a lasting effect on the
ADVS. We ignore routine annual eye exam expenses and their indirect costs (e.g. travel
time) because we expect them to occur with similar frequency before and after surgery
(Naeim et al. 2006). We assume that an individual receives surgery promptly whenever a
threshold is reached. That is, we do not model delays or refusals of surgery.

Medical and Emergency Services Costs
Whatever the societal benefit of a policy of ES might be compared to CP, it is likely to
generate increase cataract surgery expenditures for the parties – private insurers before age
65 and Medicare thereafter - who pay for direct medical expenses. Would the policy also
generate savings for these parties in terms of the direct medical expenses that arise from
MVCs? To explore this issue, our model explicitly tracks the Medical and Emergency
Services (M&ES) expenditures attributed to MVCs based on the itemization found in
(Blincoe et al. 2002) as shown in Table 2.

Total cost
Total cost in our model is defined as the sum of direct cataract surgery expenditures plus the
9 costs attributable to MVCs itemized in Blincoe et al.: Medical, Emergency Services,
Market Productivity, Household Productivity, Insurance Administration, Workplace, Legal,
Travel Delay and Property Damage (Blincoe et al. 2002). As noted earlier, our model
explicitly tracks total MVC costs and the sum of the components for M&ES.
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Quality of Life
Our model estimates the QALYs that an individual experiences based upon his or her ADVS
score. Our base model converts ADVS scores to QALYs using the formula QALYs =
0.270121 + 0.005578* ADVS which we derive by regression from Table 1 in Naeim et al.’s
study that used the Health Utilities Index 3 (HUI3) to measure QALYs as a function of the
ADVS (Naeim et al. 2006). Their study examined 250 patients with a low probability (under
30%) of benefiting from cataract surgery who were randomly assigned to surgery or
watchful waiting. Although a large portion of their study population is less likely to benefit
from cataract surgery than most persons with cataracts, our formula seems to be reasonable
for simulation modeling. Note that our regression fitted formula for QALYs does not yield
perfect quality of life (QALYs=1.0) when the ADVS has a perfect vision score of 100
because of the presence of other comorbidities (heart disease, arthritis, etc.) in the
population susceptible to cataracts. Thus QALYs is measured on a scale, appropriate to
public policy resource allocation, where perfect health, not merely perfect vision, equals 1.0
and death equals zero (Kymes and Lee 2007). In examining data from the ICOM study, we
have found that the average ADVS score before and after cataract surgery was respectively
76 and 87 which would move the patient from a QALYs of 69 to 76 for a gain of about 8%.
Insight into the reasonableness of this change can be gained from a recent study by Kaplan
et al. who compared the changes in QALYs that occur after cataract surgery for 376 adults
using five generic instruments for measuring utility (Kaplan et al. 2010). They found that,
depending on the instrument used, the total improvement in QALYs in the six months
following cataract surgery ranged from virtually zero to about 9% with a median of about
3.7%. (These percentage changes are our own calculations based upon Kaplan.) Of
particular interest to our simulation work was their finding that the improvement in QALYs
using the HUI3 was about 9% which is reasonably close to what our formula predicts.

3.0 Calculations
The Monte Carlo simulation model was run simultaneously for both the CP and ES
protocols by drawing a hypothetical 60 year old person at random with race and gender
based on the U.S. population. Our modeling was done in Excel 2010 using XLSim
Commercial Electronic Version 3.2.8c (McDonald et al. 2010). Because automobile
fatalities are rare events in a population with the low mileage characteristics of our age
group, the model was run for 100,000 persons even though runs with 10,000 were sufficient
to achieve stable results. For each individual, regression coefficients in the equations for
mileage and the probability of an MVC were drawn from a multivariate normal distribution
governed by the covariance matrix of the regression. This procedure adjusts for model
uncertainty or individual idiosyncrasies. Our reported results show t and p statistics for
significance assuming unequal variances for each group. Because our model uses a large
number of observations, small differences in outcomes will very often be significant at
conventional levels of confidence. To see if statistically significant differences have
substantive significance, a Dissimilarity Index was calculated to compare the overlap of the
distributions of the variables of interest. If two distributions have a perfect overlap the
Dissimilarity Index is zero. If the distributions are far apart with virtually no overlap, their
Dissimilarity Index approaches 1.0 (Goldstein 1994) (Inman and Bradley 1989).

Sensitivity Analyses
To explore the sensitivity of our base model, further simulations were run for four
alternative scenarios:

• Case 1: A reduction by half in the probability of dying in any year for non-motor
vehicle causes such that more people would be eligible for cataract surgery before
their natural death;
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• Case 2: A wider gap between the CP and ES criteria for when to do cataract
surgery, specifically a change in the threshold ADVS scores for CP from 70 to 65
and for ES from 80 to 85;

• Case 3: Higher costs of cataract surgery, specifically a change in the cost for
surgery from the base case of $2,000 to $6,000 to allow for any potential
unmeasured or underestimated costs.

• Case 4: Faster rate of deterioration of the ADVS for a population with generally
better initial vision. Williams et al. report an annual rate of cataract surgery of 5.3%
based upon longitudinal analysis of the same individuals over time in the Asset and
Health Dynamics Among the Oldest Old (AHEAD) national panel survey of US
households for waves 1998, 2000 and 2002. (Williams et al. 2006) The AHEAD
surveys did not collect the ADVS but they did have self-reported quality of vision
(legally blind, poor, fair, good, very good or excellent) and information on whether
the individual had cataract surgery on one or both eyes since the previous wave of
the survey. We attempted to mimic the reported longitudinal pattern of cataract
surgery frequency for individuals by setting the initial ADVS distribution at a
median of 90 with lower and upper bounds of 80 and 100 and an annual
deterioration of ADVS of 5.3%.

4.0 Results
Table 3 shows simulation base model results in terms of undiscounted mean values per
person over the period from age 60 to 89 for the CP and ES thresholds for cataract surgery
eligibility. Mean values per person can be multiplied by convenient factors to yield
estimates such as fatalities per 10,000 persons. For example, under CP and ES, respectively,
the mean number of MVCs per 10,000 persons over the 30 year period of age 60 to 89 is
14,601 (1.461 per person times 10,000 persons) and 11,487 (1.1487*10,000). The base
model finds that switching to ES from CP reduces by 20% to 21% the average number of
MVCs, fatalities, and MVC cost per person. The switch would increase expenditure for ages
65+ by about 8% and expenditures for ages 60 to 64 by about 47%. The net effect on total
cost - MVC costs plus cataract surgery expenditures -- is a reduction of about 16.3%.
QALYs would increase by about 5%. With ES the mean age at which surgery occurs falls
from 64.7 to 63.6 years while the probability that someone will obtain surgery during this
time span rises from 0.55 to 0.77. Due to the large sample sizes in the simulation model, all
of these results are statistically significant at least the 3% level. The Dissimilarity Index
shows that a randomly selected person would have a different outcome under ES from 6% to
11% of the time in terms of the occurrence of MVCs, fatalities, MVC cost, total cost or
QALYs. Furthermore about 16% of the subjects would have higher cataract surgery
expenditures in their pre-Medicare years while 2% would have higher surgery expenditures
after age 65. Changes in the probability of surgery and the age at which it occurs would
affect 8% and 19% of the individuals respectively. Discounting the results to present value
at 3% has only a modest effect on these results as shown in Table 4.

Medical and Emergency Services
Table 5 shows for the base model the mean M&ES cost per person of MVCs. Under CP, the
undiscounted mean M&ES cost per person summed over age 60 to 89 is $1,421
(SD=10,941); under ES, it is $1,124 (SD=8,990). Thus ES reduces mean M&ES costs by
$297 or 20.9%. The difference is statistically significant (p=0.0003); in terms of practical
significance, the distribution of costs is dissimilar for about 3 % of the cases (Dissimilarity
Index = 0.0269). From the perspective of parties who typically pay for health care, a policy
of ES increases mean direct expenditures per person for cataract surgery (see Table 3) by
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$425 (1266 + 264 - 862 – 243) with an offsetting reduction in M&ES of $297 (291 + 833 -
362 – 1059) per person for a net increase in mean health care costs per person of $128 (=425
- 297). When results are decomposed by age, under ES the pre-Medicare years have a net
increase of $333 in direct health care spending consisting of an increase in cataract surgery
expenses of $404 (1266-862) that is only partly offset by a reduction of $71 (291-362) in
M&ES. For the Medicare years, however, ES has a net reduction of $205 because increased
cataract surgery expenditures of $21 (264-243) are more than offset by reductions of $226
(833-1059) in M&ES.

Similar results hold when dollars are discounted as shown in the respective tables 3 and 4. In
terms of dollars discounted at 3%, the net effect of ES in the years before age 65 is an
increase in mean surgery expenditures per person of $402 (= 1,251 for ES minus 849 for
CP) offset by a reduction in M&ES of $67 (276 -343) for a net health care cost increase of
$335. For age 65 and thereafter, the respective net effect of ES is a mean per person
reduction of $149 because increased mean surgery expenditures per person of $16 (158 -
142) are more than offset by lower M&ES costs of $165 (=621 - 786). Thus, with
discounting at 3%, the net effect of a policy of ES across all age groups is that higher mean
cataract surgery expenditures of $418 are partly offset by reduced M&ES expenditures of
$237 with the Medicare years benefiting from this policy.

Sensitivity
The results for the sensitivity analyses are shown in Table 6. For all of the cases, a policy of
ES continues to be favorable (a dominant solution for a societal viewpoint). For Case 1,
where general mortality rates are reduced by half, a switch to Earlier Surgery modestly
improves the reduction in MVCs fatalities, MVC cost, total cost and QALYs found in the
base case. Likewise surgery costs pre and post age 65, and the probability of surgery both
increase somewhat more for ES. For Case 2, a wider criteria gap, the percentage difference
between CP and ES is about twice as large. For example, the percentage difference in MVCs
changes to a reduction of 38% in favor of ES compared to the 21% change found for the
base case. For Case 3, where costs for cataract surgery ($6,000) are 3 times the base case,
results change modestly relative to the base case in terms of the percentage difference
attributable to ES. For Case 4, where the population begins with a better ADVS distribution
but deteriorates more rapidly, MVCs, fatalities and MVC costs decline for ES relative to CP
by 15% to 16%; surgery expenditures are higher for ES by 148% in the years before age 65
and lower by 50% in the years after age 65; and the lifetime probability of cataract surgery is
respectively 94% and 96% for CP and ES.

5.0 Discussion
We have used a Monte Carlo simulation model to examine a hypothetical situation where
the rules currently in place in the U.S. for authorizing payment for cataract surgery were
relaxed in favor of allowing surgery earlier for less bothersome complaints of visual
difficulties in doing daily activities. Our base model finds that ES is a dominant strategy
over CP from a societal viewpoint: it reduces by about 21% the number of MVCs, fatalities
and MVC related costs; it reduces total costs by 16% and improves QALYS by
approximately 5%. Our analysis using dissimilarity rates shows that for most people,
changing from CP to ES would have no effect on whether they have a motor vehicle
collision or sustain serious injury. However, for 2% to 6% of individuals changing the rules
for when to allow cataract surgery is important and it produces the resultant reductions in
collisions and their subsequent expense.

From the narrower perspective of parties who typically pay for health care, ES increases
their payments for cataract surgery especially for the years prior to Medicare eligibility at
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age 65 where reductions in the costs of M&ES are roughly half of the increase in cataract
surgery expenditures. For the period after age 65, higher cataract surgery expenditures are
more than offset by a tenfold reduction in M&ES; before age 65, however, the increased
expenditure for cataract surgery are almost six times the reduction in M&ES. Thus it seems
that Medicare would find it to be advantageous to encourage a policy of earlier cataract
surgery whereas pre-Medicare health insurers might be reluctant. However, the potential
savings to auto insurers suggest an accommodation. For example, health insurers might
allow ES subject to a copayment that could be offset by a “cataract correction discount”
offered by auto insurers. The exact specifications of such arrangements are worth further
study.

Our study has the following limitations. Because there is no large data set that tracks vision
characteristics and MVCs over the 30 year span that our model considers, we have built its
equations and estimated its parameter values by drawing information from various cross
sectional studies or comparatively short longitudinal studies as previously described
(Blincoe et al. 2002) (Kaplan et al. 2010) (Naeim et al. 2006) (U.S. Dept of Transportation
and National Highway Traffic Safety Administration 1993) (Owsley et al. 2002) (U.S.
Department of Transportation and Federal Highway Administration 2011). This opens the
danger that vision characteristics and driving behavior may change more or less rapidly, or
be more or less strongly correlated, than we specify. Additionally, we assume that everyone
who qualifies for cataract surgery according to our specified criteria will immediately have
it. The reality, of course, is that individuals may delay cataract surgery due to comorbidities,
personal expense, or natural human inertia. However, delays in seeking surgery would only
affect our results about the comparative effects of early surgery if people behaved very
differently when offered surgery under earlier compared to current practice.

Our model is also sensitive to the measure of vision that is used. In this paper, we have
based the model upon the ADVS, a well validated measure, which reports how an older
individual with cataract feels that vision difficulties affect his or her daily activities.
Previous research with the ICOM study data has shown that changes in the ADVS are
strongly correlated with clinical measures of vision such as disability glare and contrast
sensitivity which are important predictors of MVCs. Although the ADVS is not formally
used to determine when an individual qualifies for cataract surgery under current guidelines,
it speaks to current practice that requires an individual to complain sufficiently about
limitations of activities due to vision problems in order to be eligible for insurance
reimbursement for cataract surgery. Thus the ADVS is indeed associated with objective
visual difficulties in the ICOM sample but it is more relevant for assessing eligibility for
cataract surgery. In earlier modeling exercises we used contrast sensitivity in the better eye
as our measure of vision because this has been shown to be a statistically significant
predictor of MVCs and because it is measured with a precise clinical protocol (Mennemeyer
et al. 2010) (Owsley et al. 2002). There we found that a policy of earlier surgery was cost
effective but not dominant relative to current practice. In that model, ES would again reduce
mean MVCs per person (by 2%), increase payments for cataract surgery (by 22%) and
increase QALYs (by 1%) but also have higher costs for the MVCs (by 0.5%). We consider
our current model to be an improvement over the earlier work because changes in the ADVS
speak more directly to actual practice regarding the eligibility for cataract surgery (namely,
the symptoms and complaints communicated by patients). It is not surprising that simulation
models can differ but this emphasizes the importance for future work to understand more
precisely the complex relationship between a measure of vision, the rate at which vision
deteriorates, miles driven, the probability of an MVC and the resultant extent of damage.

Another limitation is that we do not include here the benefits that earlier cataract surgery
would produce apart from its effect on have on MVCs such as a reduction in falls and
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depression. One randomized study of 306 elderly women in Great Britain found that the rate
of falling was reduced by 34% in a group that received cataract surgery compared to a
control group that did not. In particular, 4 participants in the operated group had fractures (3
%) compared to 12 (8 %) in the control group (p=0.004) (Harwood R. H et al. 2005).
Because the British National Health Service has different criteria for when to perform
cataract surgery, we cannot assume that these findings about the frequency of fractures are
directly transferable to the United States. Nonetheless, fractures are expensive. The National
Osteoporosis Foundation found in the U.S. that the total per patient costs of a hip fracture in
1995 dollars ranged from $27,318 to $35,104 (Ray et al. 1997). Adjustment for inflation,
without considering changes in technology, would make these costs $41,186 to $52,924 in
2012 dollars (U.S. Department Of Labor and Bureau of Labor Statistics 2012). Additionally,
the British study found that “Activity, anxiety, depression, confidence, visual disability, and
handicap all improved in the operated group compared to the control group” (Harwood R. H
et al. 2005). We are not aware of any study that has specifically determined the health care
costs that are due to cataract related depression. However, one study of 11,679 patients over
age 60 at 2 large primary care clinics in Seattle found that total ambulatory and impatient
costs were 47% to 51% higher in depressed compared with non-depressed elderly patients
after adjustment for chronic medical illness (Katon et al. 2003). Considering that these
patients would have been living under the current practice regimen for cataract surgery, it is
reasonable to suppose that at least a small fraction of these depression related costs might
have been avoided with earlier cataract surgery.

6.0 Conclusion
Our simulation base model and several variations show that MVC, fatalities, and total
societal costs can all be reduced by encouraging individuals with cataracts to have cataract
surgery when bothersome symptoms are at an earlier rather than later stage. A policy of
earlier surgery would increase cataract surgery expenditures because more people would
qualify for it during their natural lifespan. However, surgical costs are offset by the overall
reduction in costs related to MVCs and they are substantially offset after age 65 by the
reduction in the medical and emergency services component of MVC costs.
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Highlights

• Insurance rules and procrastination delay cataract surgery for older drivers.

• We model how earlier cataract surgery would reduce motor vehicle crashes.

• Earlier surgery reduces motor vehicle crashes by about 21 percent.

• Higher costs for more surgeries are partly offset by reduced accident costs.
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Figure 1.
Frequencies of initial ADVS values
Distribution of ADVS at Start of Simulation Model, age 60.
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Table 1

Characteristics of ICOM Participants

Surgery Group
(N=174)

No Surgery
(N=103)

P value

Mean Age (years) 71.2 (0.51) 71.5 (0.52) 0.670

Mean Education (years) 12.7 (0.23) 12.4 (0.32) 0.420

Race (%) 0.023

 White, non-Hispanic 90.2 80.6

 African American 9.8 19.4

Gender (%) 0.004

 Male 47.1 65.0

 Female 52.9 34.9

Mean ADVS

 Night driving a 53.7 (2.05) 70.8 (2.30) 0.000

 Disability glare a 59.6 (1.89) 79.3 (1.71) 0.000

 Overall a 69.6 (1.29) 82.1 (1.33) 0.000

Better eye

 Visual Acuity b 0.26 (0.20) 0.16 (0.14) 0.000

 Contrast Sensitivity c 1.34 (0.20) 1.41 (0.13) 0.000

 Disability Glare b 1.00 (0.39) 1.21 (0.22) 0.000

a
0=No sight, 100=Worst possible

b
higher scores are worse

c
lower scores are worse
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Table 2

Types of MVC, their probability of occurrence, total cost and subcomponent cost due to Medical and
Emergency Service in 2010 dollars

Type of MVC Probability Medical & Emergency Total Cost

Fatal 0.0023 28,733 1,224,633

MAIS 5 0.0002 417,701 1,373,704

MAIS 4 0.0008 165,588 436,279

MAIS 3 0.0028 58,728 233,216

MAIS 2 0.0096 19,847 83,739

MAIS 1 0.1031 3,104 13,236

MAIS 0 0.0564 29 2,459

PDO 0.8248 40 3,173

Total 1.0000

Source: Authors’ computations based on Blincoe et al. 2002, page 9

MAIS = Maximum Abbreviated Injury Scale

PDO= Property Damage Only

NOTE: TOTAL Costs consist of: Medical, Emergency Services, Market Productivity, Insurance Administration, Workplace, Legal, Travel Delay
and Property Damage
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