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TECHNICAL APPENDIX

Parameters related to the incidence of glaucoma are de-
tailed in Table 1. Age influenced 2 important vari-
ables: (1) the incidence of POAG, and (2) the propor-
tion of people treated based on the treatment threshold.
In both cases, this was because age is a risk factor for pro-
gression to glaucoma. The age-specific parameters for pro-
gression and proportion of people treated are detailed in
Table 1. The methods used to estimate the incidence and
proportion treated are detailed later in this eAppendix.
The column titled “Persons, No.” indicates the number
of people in the OHTS observation group who fell into
this category and was used to estimate the standard de-
viation of the parameter (ie, the binomial estimate of vari-
ance: [p�(1−p)]/n, where p is the proportion in ques-
tion and n is the sample size from which the proportion
was estimated).

The parameters of the model are detailed in Table 1
of this Appendix. Table 1 includes the variable name
of the parameter, a description, and the formula used
to calculate the value of the parameter in the model
(also included in Table 1 is information related to the
Monte Carlo simulation and the sensitivity analysis
that will be addressed later). The formulas reference
keywords that are used in TreeAge Pro 2005 release
1.1 software (TreeAge Software, Inc, Williamstown,
Massachusetts). The keyword DistSamp indicates that
the value used in the model comes from a defined dis-
tribution. In the point estimate of cost-effectiveness,
the value used would be the mean of the distribution
(indicated in Table 1 as the value in the model). The
keyword UtilDiscount indicates the discounting func-
tion used by the TreeAge Pro 2005 software. The 3
arguments enclosed indicate (in order) the parameter
to be discounted, the discount rate (3% in the base
model), and the periods to be used for discounting
(_stage in this case). The keyword _stage indicates the
Markov cycle, in this case 1 year. A copy of the deci-
sion tree (in TreeAge Pro 2005 format) is available by
request to kymes@vrcc.wustl.edu.

ESTIMATING POAG INCIDENCE
AND PROPORTION OF PERSONS TO BE TREATED

AT EACH THRESHOLD

The incidence of POAG in the treated and untreated
groups and the proportion of persons to be treated at
each treatment threshold (those with a �5%, �4%,
�3%, and �2% annual risk of developing glaucoma)
were estimated from the OHTS data. A logistic regres-
sion model was constructed, incorporating parameters
previously reported by OHTS investigators as predictive
of POAG in the proportional hazards model: age, central
corneal thickness, baseline intraocular pressure, and
baseline vertical cup-disc ratio.1 The predicted probabili-
ties of POAG were estimated in the model for each
OHTS observation participant, stratified by age (40-49,
50-59, and 60-69 years), and graphed. Log-normal, �, �,
and normal distributions were tested against the distri-
bution using SAS PROC CAPABILITY (SAS version 8
statistical software; SAS Institute, Inc, Cary, North Caro-
lina). The log-normal distribution was determined to
have the best fit. Using this distribution, the cumulative
distribution function was estimated for x � .05 and
x� .02 (where x indicates the probability of developing
POAG during the study period). This estimate repre-
sented the proportion of persons in each age group with
intraocular pressure greater than 24 mm Hg who were
to be treated if that treatment threshold was chosen. The
incidence of POAG among those treated and those
untreated was estimated in a distribution-free manner.
For those to be treated, the incidence of POAG (prior to
medical treatment) was estimated as the mean probabil-
ity of POAG for those with a predictive probability of
disease greater than the threshold (thresholds being .05
and .02). The incidence of POAG for those not treated
was the mean probability of those with a predictive
probability of POAG less than the threshold.

AGING OF THE COHORT

As age is associated with risk of glaucoma1 and the preva-
lence of ocular hypertension,2,3 the model was stratified
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by age. For this purpose, we calculate the age distribu-
tion of people in the Baltimore Eye Study (Joanne Katz,
PhD, oral communication, September 16, 2003) with an
intraocular pressure greater than 24 mm Hg. This dis-
tribution was as follows: for those aged 40-49 years, 13.4%;
for those aged 50-59 years, 23.3%; and for those aged
60-69 years, 31.8%. For simplicity, we assumed that all
people within each age stratum were the central age of
that range (ie, everyone within the age bracket of 40-49
years was assumed to be aged 45 years; people in the age
bracket of 60-69 years were assumed to be aged 65 years).
With each Markov cycle (1 year), the cohort was aged
from this point. The parameters that were affected by this
process were the incidence of POAG (in the treated and

untreated groups), the proportion of persons treated, and
mortality. Using the logistic model, we estimated that the
risk of POAG increased by 1.8% with each year of age;
therefore, we increased the risk of POAG for every per-
son in the model by 1.8% each year. For instance, if we
use the threshold of a 2% or greater annual risk, in year
1 the risk of POAG in the untreated group for people aged
40 to 49 years is 0.79%. By year 10, the risk would be
0.79�(1.018)10, or 0.94%.

Mortality changed on an annual basis with the esti-
mated age-specific death rate taken from US census life
tables.4 In running the model, Markov cycles were con-
tinued until all people in the hypothetical cohort model
had died (56 years).

Table 1. Proportion of People Treated for Ocular Hypertension by Age Group and Treatment Threshold

Annual Probability, % Age, y Persons, No. Mean (SD) Proportion Treated (SD)a

Treated
1 40-49 103 0.0258222 (0.017752) 0.474654378 (0.033898575)

50-59 113 0.030865337 (0.017752) 0.520737327 (0.033913006)
60-69 129 0.03689341 (0.017752) 0.594470046 (0.033330865)
�70 138 0.044098781 (0.017752) 0.6359447 (0.032663558)

2 40-49 50 0.0380836 (0.018652) 0.230414747 (0.028586016)
50-59 63 0.045521417 (0.018652) 0.290322581 (0.0308135)
60-69 75 0.054411858 (0.018652) 0.34562212 (0.032283841)
�70 88 0.065038623 (0.018652) 0.405529954 (0.033330865)

3 40-49 28 0.0487088 (0.0190075) 0.129032258 (0.022757278)
50-59 37 0.058221744 (0.0190075) 0.170506912 (0.025529806)
60-69 50 0.069592588 (0.0190075) 0.230414747 (0.028586016)
�70 61 0.083184186 (0.0190075) 0.281105991 (0.030516703)

4 40-49 14 0.063071 (0.0172836) 0.064516129 (0.016677173)
50-59 22 0.075388916 (0.0172836) 0.101382488 (0.020489863)
60-69 29 0.090112549 (0.0172836) 0.133640553 (0.023098742)
�70 42 0.107711744 (0.0172836) 0.193548387 (0.026819709)

5 40-49 10 0.0712926 (0.0129271) 0.046082949 (0.014232971)
50-59 12 0.085216214 (0.0129271) 0.055299539 (0.015515935)
60-69 21 0.101859142 (0.0129271) 0.096774194 (0.020070033)
�70 28 0.121752474 (0.0129271) 0.129032258 (0.022757278)

All or None Treated
Treat all or none 40-49 217 0.0147527 (0.0162248)

50-59 217 0.017633937 (0.0162248)
60-69 217 0.021077887 (0.0162248)
�70 217 0.025194448 (0.0162248)

Not Treated
1 40-49 114 0.0047513 (0.0024702) 0.525345622

50-59 104 0.00567924 (0.0024702) 0.479262673
60-69 88 0.006788409 (0.0024702) 0.405529954
�70 79 0.008114202 (0.0024702) 0.3640553

2 40-49 167 0.0077674 (0.005176) 0.769585253
50-59 154 0.009284392 (0.005176) 0.709677419
60-69 142 0.011097655 (0.005176) 0.65437788
�70 129 0.013265054 (0.005176) 0.594470046

3 40-49 189 0.0097222 (0.0073073) 0.870967742
50-59 180 0.011620969 (0.0073073) 0.829493088
60-69 167 0.013890571 (0.0073073) 0.769585253
�70 156 0.016603433 (0.0073073) 0.718894009

4 40-49 203 0.0114204 (0.0094497) 0.935483871
50-59 195 0.013650831 (0.0094497) 0.898617512
60-69 188 0.016316871 (0.0094497) 0.866359447
�70 175 0.019503594 (0.0094497) 0.806451613

5 40-49 207 0.0120213 (0.0102977) 0.953917051
50-59 205 0.014369088 (0.0102977) 0.944700461
60-69 196 0.017175405 (0.0102977) 0.903225806
�70 189 0.020529803 (0.0102977) 0.870967742

aThe SD values are from a binomial distribution.
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ESTIMATING THE PROGRESSION OF POAG

Lee et al5 reported that 25% of participants in a longitudi-
nal study of the cost of treatment of POAG progressed at
least 1 modified Hodapp-Anderson-Parrish stage over 5
years. Assuming a linear temporal relationship, this would
indicate that there is a 5% annual risk of progression. The
investigators reported that progression to stage 4 or 5 was
less frequent than early stages; however, we deemed this
nonmaterial given the low rate of progression to stages 4
and 5 in our model. The Advanced Glaucoma Interven-
tion Study trial that enrolled people with more severe dis-
ease than considered in our model reported a 3% annual
probability of loss of 3 lines of vision as well as a 3.5% an-
nual probability of a 4-point loss of visual field on a 20-
point scale.6 If we assume a direct relationship between the
Advanced Glaucoma Intervention Study scale and the Ho-
dapp-Anderson-Parrish stages, this would imply an an-
nual progression of 3.5%; however, this results in an esti-
mated incidence of blindness that nears 0 and is not
consistent with epidemiological evidence; therefore, we
opted for the estimate by Lee and colleagues.

ESTIMATING THE ANNUAL RISK OF BLINDNESS

Hattenhauer et al7 found a 20-year probability of blind-
ness (defined as best-corrected visual acuity of �20/
200) in at least 1 eye of 27%. We converted this to an
annual probability by dividing by 20, resulting in an an-
nual probability of 1.35%. In the model, we only con-
sidered the possibility of bilateral blindness after a pa-
tient went blind in 1 eye. Hattenhauer and colleagues
found that 9% of people in their cohort progressed to bi-
lateral blindness. Thus, one-third of people who de-
velop unilateral blindness will develop bilateral blind-
ness in 20 years. If the risk of bilateral blindness in people
with unilateral blindness is 33% over 20 years, this would
translate to a risk of 1.65% annually.

ESTIMATING THE COST
OF MEDICAL TREATMENT

At each OHTS visit, the type and quantity of medication
given to the patient were recorded for each eye. Data from
8 years of semiannual visits among each medication group
were used to estimate the annual cost of medication for the
model. Medication use per eye was calculated based on the
manufacturer’s recommended dosage. The number of drops
of medication available per milliliter was estimated based
on data from Fiscella et al.8 The number of bottles of medi-
cation required to treat was calculated using the least ex-
pensive packaging option and extended using 2005 aver-
age wholesale price.9 Generalized increase in the cost of
medication due to price inflation was not considered in this
model as we assumed that inflation would affect all cost
components equally.10 A market basket estimate of the cost
of medication was created by dividing the number of pre-
scribed medications by the number of participants in the
OHTS medication arm. As the shape of the market basket
changed from year to year (with shift from �-blockers to
prostaglandins), we took the average cost of treatment over
the 9 years of OHTS data to account for this change. In cal-

culating the cost of treatment, we did not consider the pos-
sibility of using generic medications; thus, the cost effect
of shifting from generic �-blocker to a more expensive pros-
taglandin was not considered. This also implies that our
estimate of the cost of medication is very conservative (ie,
more expensive than is likely to actually be seen). The prob-
ability of adding a second medication to the treatment regi-
men was estimated by calculating the average number of
medications used by OHTS medication participants. In year
8 of the OHTS trial, this was 1.43 medications. On an an-
nualized basis, this would imply that there is approxi-
mately a 4.8% probability of adding a second medication
to the regimen. While average wholesale price is often used
as the standard to evaluate the cost of medical treat-
ments,10 some authors have argued that it overestimates the
cost of medication. Therefore, the Veterans Administra-
tion contract price11 was used to set the lower boundary
for sensitivity analysis.

It was assumed that, on average, 1 additional office
visit would be required per year for the patient’s entire
remaining lifetime to manage medication (until the pa-
tient progressed to POAG, at which time the treatment
protocol would follow clinical guidelines for people with
POAG). This was based on American Academy of Oph-
thalmology guidelines12 and expert opinion. The charge
for this office visit was based on the Medicare allowable
amount.10 We considered the cost to the patient or in-
formal caregiver in terms of travel and lost productivity
following the example by Lairson et al.13

As noted in the main article, the cost of treatment of
POAG was taken from the work by Lee et al.5 The reader
is referred to the article for the details of these estimates.

CATARACT SURGERY AS A COMPLICATION
OF MEDICAL TREATMENT

OF OCULAR HYPERTENSION

The Barbados Eye Studies14 found a significant increase
in the incidence of nuclear opacities among people treated
with intraocular pressure–lowering medication. A simi-
lar increase was found in the Early Manifest Glaucoma
Trial.15 Prior to 2003, the OHTS did not assess partici-
pants for the presence or degree of nuclear opacities, but
a nonsignificant increase in the incidence of cataract sur-
gery was found between those randomized to treatment
and the observation. This increased absolute risk (0.33%
on an annual basis) is included in the model as a risk ex-
perienced by all those receiving medical treatment for ocu-
lar hypertension. However, we did not include this as a
risk for people treated for glaucoma. There have been no
reported estimates of this risk, and if there is a risk it ar-
guably is experienced by all people with glaucoma. Thus,
it would not represent an incremental risk associated with
treatment of people with ocular hypertension.

The cost of cataract surgery and the utility loss associ-
ated with having an untreated cataract were taken from an
article by Busbee et al.16 Like Busbee and colleagues, we
recognize the loss of utility as a one-time event experi-
enced in the year in which the cataract is extracted. This
method does not reflect the possibility of incremental loss
of utility associated with the development of a nuclear opac-
ity over preceding years, and thus it is likely to underesti-
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mate the total utility loss due to cataract progression and
to lead to an overestimation of the cost-effectiveness of treat-
ment, particularly if our estimate of the increased risk of
cataract associated with treatment is underestimated as well.
We examined this question in 2-way sensitivity analysis and
found that even if we doubled the estimate of utility loss
to 0.25, we would need to increase the risk of cataract sur-
gery by nearly 10-fold before treatment of people with a
2% or greater annual risk of POAG would not be cost-
effective compared with the threshold of a 5% or greater
annual risk. Thus, this weakness in the estimate of utility
loss is not likely to introduce substantial error into the cost-
effectiveness decision.

COST ASSOCIATED WITH
BILATERAL BLINDNESS

As noted in our article, Meads and Hyde17 summarize a
number of reports on costs associated with blindness due
to a number of conditions. The annual cost of blindness
associated with each condition is detailed in Table 2.
Using a conversion rate of US $1.861 per £1 to convert
to US dollars, taking the average of these estimates yields
an average annual cost of blindness of US $8130.

It is a limitation of each of these estimates that they
include social transfer payments (ie, welfare disability pay-
ments) as a substantial component. Such payments rep-
resent not an actual consumption of social resources but
a transfer of wealth from one member to another. For that
reason, such payments should not be included in an eco-
nomic evaluation.10 However, these estimates do not in-
clude the substantial indirect costs associated with blind-
ness (ie, burden on family members, lost productivity,
increased use of public transportation, etc); therefore, we
made the assumption that these estimates provide a rea-
sonable proxy estimate of the total economic social bur-
den of blindness.

UTILITY LOSS DUE TO POAG

There are 2 articles by Jampel et al23,24 concerning the util-
ity loss associated with POAG using the same sample.
Jampel and colleagues reported that in a clinic-based co-
hort, there was an average utility loss of 0.061 among
people with glaucoma and suspected glaucoma. When
glaucoma and suspected glaucoma were stratified, they
found a utility loss of 0.026 associated with suspected
glaucoma and 0.07 associated with glaucoma. However,
the estimate for suspected glaucoma was not stratified
by stage of disease.

Alm et al25 reported utility losses of 0.16 in stage 1, 0.20
in stages 2 to 4, and 0.28 in stage 5 (approximately uni-

lateral blindness). These were based on the EQ-5D26 and
clearly represent a perception of much more severe dis-
ease than that found by Jampel and colleagues. Using the
standard gamble, Lee et al27 reported a utility loss of 0.076
associated with living with ocular hypertension, 0.112 for
conditions roughly comparable to Hodapp-Anderson-
Parrish stages 1 and 2, and 0.143 for conditions compa-
rable to Hodapp-Anderson-Parrish stages 3 and 4.

From this, we selected the most conservative esti-
mates that we deemed solidly grounded in theory. We
argue that suspected glaucoma in the articles by Jampel
and colleagues represents ocular hypertension; there-
fore, we used this estimate (0.026) to represent the util-
ity loss associated with stage 1 glaucoma. The estimate
from Lee and colleagues for stages 1 and 2 (0.112) was
used for stages 2 and 3, and the estimate for stages 3 and
4 (0.143) was used for stages 4 and 5. While these esti-
mates may not represent the true estimate of utility loss
associated with the progression of glaucoma, it does rep-
resent a more conservative estimate of utility loss than
that reported by Alm and colleagues.

DETERMINING THE EFFECT OF LIFE
EXPECTANCY ON COST-EFFECTIVENESS

We exogenously set a cohort’s life expectancy by first as-
signing the Markov termination condition equal to a vari-
able in the TreeAge Pro 2005 software entitled LifeEx-
pectancy. Then, a 1-way sensitivity analysis was performed
where LifeExpectancy varied from 1 through 56. Tree-
Age then output the expected costs and benefits of each
treatment threshold–life expectancy pair for a particu-
lar age cohort. Because we tested 5 treatment thresholds
(in those with a �5%, �4%, �3%, and �2% annual risk
of developing glaucoma and treating no one until there
is evidence of glaucoma-related nerve damage) and there
are 56 different possible life expectancies, 224 different
cost and benefit calculations were calculated for each age
cohort. Costs and benefits from each of the treatment
thresholds when treatment was administered (the thresh-
olds of treating those with a �5%, �4%, �3%, and �2%
annual risk of developing glaucoma) were then com-
pared with the costs and benefits from the threshold of
treating no one to calculate an incremental cost-
effectiveness ratio (ICER) for each treatment–life expect-
ancy–age cohort combination:

where i equals the life expectancy of a person; j, the treat-
ment threshold; and k, a particular age cohort. j=0 im-
plies the treatment threshold of treating no one.

The ICERijk value was then compared with 1 of 3 stan-
dard WTP thresholds ($50 000, $75 000, and $100 000).
The value of i from the first ICERijk (which varied from
i=1 to i=56) that fell under the WTP thresholds was re-
corded as the minimum length of life that a person with
treatment threshold j and age cohort k would need for
treatment to be cost-effective at that particular WTP
threshold.

Table 2. Annual Cost of Blindness

Condition Cost of Blindness, £

Age-related macular degeneration18 1651
Age-related macular degeneration19 6295
Age-related macular degeneration20 5924
Diabetic retinopathy21 5391
Diabetic retinopathy22 6183

ICERijk =
Costijk − Costi0k

Benefitsijk − Benefitsi0k
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DETERMINING COST-EFFECTIVENESS
FOR PARTICULAR AGE COHORTS

Simple cost-effectiveness outputs for each age cohort (ages
45, 55, and 65 years) were determined from the cost-
effectiveness analysis command in TreeAge. The ICERs
from this command were again compared with the 3 stan-
dard WTP thresholds, and the first treatment threshold
to fall under that WTP threshold was identified as the
least restrictive treatment that could be administered and
still be cost-effective. These ICERs were calculated by com-
paring the costs and benefits for a particular treatment
group with the next least costly treatment group for a par-
ticular age cohort.
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