
SOCIOECONOMICS AND HEALTH SERVICES

SECTION EDITOR: PAUL P. LEE, MD

Effect of Patient’s Life Expectancy
on the Cost-effectiveness of Treatment
for Ocular Hypertension
Steven M. Kymes, PhD; Michael R. Plotzke, PhD; Michael A. Kass, MD;
Michael V. Boland, MD, PhD; Mae O. Gordon, PhD

Objective: To assess the influence of expected life span
on the cost-effectiveness of treating ocular hyperten-
sion to prevent primary open-angle glaucoma.

Methods: We used a Markov simulation model to es-
timate the cost and benefit of ocular hypertension treat-
ment over a person’s remaining life. We examined the
influence of age on the cost-effectiveness decision in 2
ways: (1) by evaluating specific age cohorts to assess the
influence of age at the initiation of treatment; and (2) by
evaluating the influence of a specific life span.

Results: At a willingness to pay $50 000/quality-
adjusted life year to $100 000/quality-adjusted life year,
treatment of people with a 2% or greater annual risk of

developing glaucoma was cost-effective for people aged
45 years with a life expectancy of at least 18 remaining
years. However, to be cost-effective, a person aged 55 years
must have a life expectancy of 21 remaining years and
someone aged 65 years must have a life expectancy of
23 remaining years.

Conclusions: A person with ocular hypertension must
have a life expectancy of at least 18 remaining years to
justify treatment at a threshold of a 2% or greater an-
nual risk of developing glaucoma. Persons at higher lev-
els of risk require a life expectancy of 7 to 10 additional
years to justify treatment.
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T HE EFFECTS OF GLAUCOMA

onquality of life, visual func-
tion, and heath care costs
have been widely docu-
mented.1-3 Recent reports in-

dicate a prevalence of glaucoma in excess
of 2 million people in the United States, with
an expectation that this will increase to more
than 3 million people by 2020.4 Investiga-
tors from the Ocular Hypertension Treat-
ment Study (OHTS) reported that treat-
ment of ocular hypertension to prevent
glaucoma was cost-effective when limited
to individuals with a 2% or greater annual
risk of developing glaucoma.5 Based on the
prevalence of risk factors in the OHTS, the
investigators estimated that this repre-
sents nearly one-third of those with intra-
ocular pressure greater than 24 mm Hg.

The purpose of the OHTS economic
evaluation was to examine the cost-
effectiveness of treatment as a national
policy. Specifically, the investigators ques-
tioned whether the benefits of ocular hy-
pertension treatment to prevent glau-
coma outweighed the costs when treating
all people in the United States with ocu-
lar hypertension. However, this analysis
did not consider the effect of the individu-

al’s nonocular prognosis on the treat-
ment decision. Life expectancy is an im-
portant element of the cost-effectiveness
calculations for glaucoma prevention as it
affects the period in which a person with
ocular hypertension is at risk for devel-
oping glaucoma. In addition, age itself is
an independent risk factor for glaucoma.
Economic investigators have often found
that consideration of prognostic factors
such as age or sex will frequently affect the
cost-effectiveness decision.6,7

In this article, we examine how the cost-
effectiveness of treating ocular hyperten-
sion to prevent primary open-angle glau-
coma (POAG) is affected by a patient’s life
expectancy. First, we will look at the cost-
effectiveness of treatment based on the per-
son’s age at the initiation of treatment by
testing simulated cohorts of people aged
45, 55, and 65 years. In doing this, we are
testing the cost-effectiveness of treat-
ment assuming that each member of our
hypothetical cohort faces the annual mor-
tality risk of the average person of their age.
Next, we will directly examine the influ-
ence of life expectancy on the cost-
effectiveness of treatment by modeling spe-
cific life expectancies of individuals.
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METHODS

We constructed a Markov decision model to estimate the cost
and effectiveness of treating ocular hypertension over a per-
son’s remaining years of life. Parameters in the model in-
cluded estimates of the risk of developing POAG among those
who were prescribed intraocular pressure–lowering medica-
tion and those who were not, the probability of progression from
early POAG to more severe disease, and estimates of the effect
of POAG and blindness on quality of life. In this simulation,
an incident case of POAG was defined in the same manner as
in the OHTS8 and we defined the stages of POAG with the modi-
fied Hodapp-Anderson-Parrish taxonomy used by Lee et al2

(Table 1 and Figure 1). We considered the cost of medical

treatment of ocular hypertension and POAG by the stage of dis-
ease and by the cost of blindness. We examined the influence
of life expectancy on cost-effectiveness by running 3 simu-
lated cohorts each with a single baseline age: 45, 55, and 65
years. The parameters used in the model are detailed in Table2.

We used a Markov model to describe the progression of a
chronic disease through a series of mathematical relation-
ships.17 During the first year, a certain percentage of a cohort
progressed to the first stage of glaucoma or died of other causes.
During the next year, a certain percentage of the cohort died,
a certain percentage of those with ocular hypertension pro-
gressed to the first stage of glaucoma (joining those who pro-
gressed there during the first year), and a certain percentage
of those who progressed to the first stage of glaucoma during
the first year progressed to the second stage of glaucoma. Es-
timation of the model continued in an iterative manner until
the entire cohort died of other causes (Figure 1). For more de-
tails, see the eAppendix (http://www.archophthalmol.com) (also
see http://ohts.wustl.edu).

We examined 5 treatment thresholds: (1) treat no one until
there is evidence of glaucoma-related nerve damage; (2) treat those
with a 5% or greater annual risk of developing glaucoma; (3) treat
those with a 4% or greater annual risk; (4) treat those with a 3%
or greater annual risk; and (5) treat those with a 2% or greater
annual risk. We estimated the incremental cost-effectiveness ra-
tio for each of the treatment thresholds by comparing the costs
and quality-adjusted life years (QALYs) associated with that man-
agement strategy vs those associated with the strategy of treat-
ing no one until there is evidence of glaucoma-related nerve dam-
age. We chose to take this approach as it best represented the
decision that an individual and his or her physician would make
(ie, treat or not treat) rather than a consideration of setting a treat-
ment threshold that would reflect a population-based policy de-
cision.18 To determine the number of years someone must live
before treatment would be considered cost-effective, we elimi-
nated annual mortality from the model and sequentially tested
different life spans ranging from 1 to 54 additional years of life.
We report the minimum number of additional years of life past
an individual’s baseline age needed to result in an incremental
cost-effectiveness ratio that meets accepted standards for cost-
effectiveness (ie, in cost per QALY).

The robustness of the model to changes in assumptions con-
cerning the underlying parameters was tested using 1-way sen-
sitivity analyses. An intervention is considered cost-effective if

Table 1. Staging Model for Primary Open-angle Glaucoma Used in Modela

Stage MD Score
Probability Plot,
Pattern Deviation

Decibels Plot (Stages 2-4)
or CPSD/PSD (Stage 1)

Decibels Plot (Stage 2-4)
or Hemifield Test (Stage 1)

1, Early glaucoma −0.01 to −6.00 (P� .05) �3 Contiguous points �5%
and �1 point �1%

CPSD/PSD significant at P� .05 Glaucoma hemifield test results
outside normal limits

2, Moderate glaucoma −6.01 to −12.00 19-36 Points �5% and
12-18 points �1%

�1 Point within central 5° with
sensitivity �15 dB and 0
points within central 5° with
sensitivity �0 dB

1 or 2 points with sensitivity
�15 dB within 5° of fixation
(only 1 in hemifield)

3, Advanced glaucoma −12.01 to −20.00 37-55 Points �5% and
19-36 points �1%

Only 1 point within central 5°
with sensitivity �0 dB

�1 Point with sensitivity
�15 dB within 5° of fixation
in both hemifields

4, Severe glaucoma �−20.01 56-74 Points �5% and
37-74 points �1%

2-4 Points within central 5° with
sensitivity �0 dB

2 Points with sensitivity
�15 dB within 5° of fixation
in both hemifields

5, End-stage glaucoma
or blindness

No static threshold for
perimetry in worse
eye

Static threshold perimetry not possible owing to central scotoma in worse eye, or worse-eye visual
acuity of �20/200 due to glaucoma; better eye may fall into any of the above stages

Abbreviations: CPSD, corrected pattern standard deviation; MD, mean deviation; PSD, pattern standard deviation.
aFor each stage, the eye must have the given MD score and its accompanying probability plot or decibels plot (stages 2-4) or CPSD/PSD (stage 1) or decibels

plot (stages 2-4) or hemifield test (stage 1).
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Figure 1. Diagram of the Markov model used to evaluate the effect of life
expectancy on the cost-effectiveness of ocular hypertension treatment to
prevent glaucoma. POAG indicates primary open-angle glaucoma.
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the value society places on a QALY is greater than the resources
required to “purchase” the QALY. This is based on the willingness-
to-pay (WTP) threshold or the social value of the QALY.19 While
some health economists argue that the true threshold exceeds
$200 000/QALY,20 most recognize $100 000/QALY as the upper
limit.21 In these analyses, we tested 3 WTP thresholds: $50 000/
QALY, $75 000/QALY, and $100 000/QALY. We used a stan-
dard of $75 000/QALY for sensitivity analyses. Our group took
a similar approach in a previous report.5

Model calibration is an important step in providing evi-
dence of the internal and external validity of the decision model.19

Details of the process and results of calibration of the OHTS
model are included in our previous report.5 In brief, the OHTS
economic model was calibrated by comparing the expected
prevalence of glaucoma predicted by the model with that of pub-

lished estimates. In addition, we evaluated the expected inci-
dence of blindness among members of the simulated cohort.
In both cases, the model was found to reflect an acceptably con-
servative estimate of the disease process.

We conducted this evaluation according to the guidelines
described by the Panel on Cost-effectiveness in Health and Medi-
cine.19 We took a societal perspective by considering all rel-
evant costs and benefits associated with the intervention re-
gardless of whether they were borne by the person or society.
All costs and benefits in the model were discounted at a 3%
annual rate.19 Statistical analyses were performed with SAS ver-
sion 9.1 statistical software (SAS Institute, Inc, Cary, North Caro-
lina), and decision analyses were performed with TreeAge Pro
2007 Suite version release 1.1 software (TreeAge Software, Inc,
Williamstown, Massachusetts).

Table 2. Parameters Used in Economic Evaluation of Ocular Hypertension Treatment to Prevent Primary Open-angle Glaucoma

Variable Value Source
Range for

Sensitivity Analyses

Age distribution of ocular hypertension, y, %a Baltimore Eye Study
(Joanne Katz, PhD,
written communication,
September 16, 2003;
see text)

See text

40-49 13.4
50-59 23.3
60-69 31.8
�70 31.5

Annual risk of developing POAG without treatment by age, y, % Kymes et al,5 2006 ±80
40-49 1.50
50-59 1.90
60-69 2.27
�70 2.69

Reduction in risk of POAG due to treatment, % 53 Kass et al,8 2002 25-65
Annual probability of progression of 1 HAP POAG stage, % 5.0 Lee et al,2 2006 0.005-10
Annual probability of progression to bilateral blindness in persons

with unilateral blindness, %
1.65 Hattenhauer et al,9 1998 0.1-2.9

Annual death rate Census estimate Anderson,10 2000 NA
Weighted average cost of medication for 1 year based on OHTS

distribution, 2005 AWP, $
465.31 Kymes et al,5 2006 300-800

Annual probability of addition of a second medication to treatment
regimen, for ocular hypertension only, %

4.80 Kymes et al,5 2006 2.5-7.5

Office visit with Current Procedural Terminology code 92012, $ 63.03 2005 Medicare allowable 41-161
Average cost of travel to office visit, $ 11.12 Lairson et al,11 2003 1-38
Patient’s time for office visit, $ 31.64 Lairson et al,11 2003 10-100
Cost of POAG, $

Stage 1 1343 Lee et al,2 2006 940-1743
Stage 2 1520 Lee et al,2 2006 1060-1980
Stage 3 1668 Lee et al,2 2006 1167-2168
Stage 4 2162 Lee et al,2 2006 1512-2812
Stage 5, unilateral blindness 2203 Lee et al,2 2006 1000-3000

Increased annual risk of cataract surgery due to treatment,
additive, %

0.33 Kymes et al,5 2006 0.0-6.0

Cost of cataract surgery, $ 2525 Busbee et al,12 2003 500-5000
Utility loss due to cataract surgery 0.148 Busbee et al,12 2003 0-0.25
Annual social cost of bilateral blindness, $ 8130 Meads and Hyde,13 2003 2000-50 000
Utility loss

POAG stage
1 2.6 Jampel et al,14 2002 0-0.10
2 11.45 Lee et al,15 2008 0.05-0.25
3 11.45 Lee et al,15 2008 0.05-0.25
4 14.80 Lee et al,15 2008 0-0.50
5, unilateral blindness 14.80 Lee et al,15 2008 0-0.50

Bilateral blindness 0.35 Brown et al,16 2001 0.15-0.50

Abbreviations: AWP, average wholesale price; HAP, Hodapp-Anderson-Parrish; NA, not applicable; OHTS, Ocular Hypertension Treatment Study; POAG, primary
open-angle glaucoma.

a Intraocular pressure of 24 mm Hg or greater in at least 1 eye.
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RESULTS

The minimum annual risk of POAG at which it is cost-
effective to treat ocular hypertension for each age cohort
is presented in Figure 2. This shows that, in general,
younger people are more likely to benefit from treatment
than are older people. For example, using a WTP thresh-
old of $50 000/QALY, it is cost-effective to treat patients
with a 2% or greater annual risk of developing glaucoma.
However, using that same WTP threshold, treating those
older than 65 years is only cost-effective with a 4% or greater
annual risk of developing glaucoma.

The minimum number of years needed to live for an
intervention to be considered cost-effective for each age
cohort is reported in Table 3. Within a particular age
cohort, as the intervention is offered to fewer people (ie,
only those with a higher annual risk of developing glau-
coma), the minimum number of years of life needed for
that intervention to be cost-effective decreases. That is,
for those aged 45 years with a 2% or greater annual risk
of developing glaucoma, the individual must live for 18
additional years for the intervention to be considered cost-
effective (at a WTP threshold of $75 000/QALY) com-
pared with needing to live only 7 additional years if the
individual had a 5% or greater annual risk. Note also that
there is considerable difference between age cohorts in
the life expectancy necessary to justify treatment. For ex-
ample, someone aged 65 years with a 2% or greater an-
nual risk of glaucoma must have a life expectancy of 21
to 26 remaining years (depending on the WTP thresh-
old chosen) for treatment to be cost-effective, while some-
one aged 45 years must have a life expectancy of 17 to
21 remaining years. For those with a 5% or greater an-
nual risk of developing glaucoma, the difference is even
more extreme. These differences are driven by the in-
creased proportion of people in the age cohort who fall
under the treatment threshold as the age cohort be-
comes older (given that age is a risk factor for the devel-
opment of glaucoma).

The results of our sensitivity analyses are presented
in Table 4. The range of utility values tested behaved
as expected with the assumption that those with the least

utility loss (0.0125) needed an additional 2 to 5 years of
life expectancy to justify treatment compared with those
with the highest utility loss (0.05). Those with the low-
est rate of progression from stage 1 POAG to stage 2 POAG
(0.01/year) needed to have a life expectancy of 1 to 6 years
longer than those with the highest rate of progression (0.1/
year). Those with the highest annual medication costs
($1000) needed a life expectancy of 6 to 16 years longer
than those with the lowest annual medication costs
($150). For certain combinations of risk and age, facing
the highest annual increase in incidence rates (2.7%) did
not change a person’s needed life expectancy to reach cost-
effectiveness when compared with the lowest annual in-
crease in incidence rates (0.9%). With the exception of
the utility and medication cost results, the extremes tested
here had little clinical relevance.

COMMENT

In our previous report,5 we found that treatment of people
with ocular hypertension (ie, intraocular pressure �24
mm Hg in at least 1 eye) met accepted standards of cost-
effectiveness when applied as a standard management
strategy for people with a 2% or greater annual risk of
developing glaucoma. However, in conducting that in-
vestigation, we took the broad perspective of a societal
decision maker and did not give extensive consider-
ation to the effect that prognostic factors might have on
the cost-effectiveness of treatment of an individual.

In this work, we found that implementation of the 2%
or greater threshold on an individual basis requires that
the person have a life expectancy of at least 21 remain-
ing years if they are aged 45 years or 24 remaining years
if they are aged 55 years—both of which are well within
the life expectancy of the average person of that age.22

However, if the patient is aged 65 years or older, the life
expectancy (17 remaining years for men, 21 remaining
years for women) is such that treatment to prevent glau-
coma is not cost-effective for any other than those at rela-

Table 3. Ranges of Life Expectancy Needed for Intervention
to Be Cost-effective, Conditional on Age When Starting
Treatment, Percentage Treated, and Willingness-to-Pay
Threshold

Age, y

Treatment Threshold,
% With Annual

Risk of Developing
Glaucoma

Additional Years of Life Needed
by Willingness-to-Pay

Threshold, No.

$50 000 $75 000 $100 000

45 �2 21 18 17
�3 15 14 13
�4 11 9 8
�5 9 7 7

55 �2 24 21 20
�3 19 17 16
�4 18 16 15
�5 10 8 8

65 �2 26 23 21
�3 25 22 21
�4 23 21 19
�5 21 19 17
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Figure 2. Cost-effectiveness threshold for treatment by age and
willingness-to-pay (WTP) threshold. POAG indicates primary open-angle
glaucoma; QALY, quality-adjusted life year.
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tively high risk for developing glaucoma (ie, �5% an-
nual risk) and then only when we rely on the most liberal
standard of cost-effectiveness.

Some may find it puzzling that a shorter life expec-
tancy is required to justify treatment for a younger per-
son than an older one. This is a function of the preva-
lence of risk factors among people of that age. While our
model focuses on treatment of the individual, we must
still recognize that the treatment recommendation af-
fects all people of that cohort. There are proportionally
fewer who meet the 2% or greater threshold for risk of
developing glaucoma among people aged 45 years than
among those aged 55 or 65 years. Therefore, from a so-
cietal perspective, it costs more to treat all 65-year-olds
with a 2% or greater risk (because there are more being
treated) than it costs to treat all 45-year-olds with a 2%
or greater risk. As it is more costly to treat, more benefit
must be generated to offset the cost of treatment; there-
fore, the person being treated must be treated for a longer
time to gain the QALYs to offset the cost of care.

The Baltimore Eye Study investigators found that more
than 50% of all people with intraocular pressure greater
than 24 mm Hg were older than 65 years.5 The Beaver
Dam Eye Study investigators reported similar find-
ings.23 Some may find it unethical to incorporate life ex-
pectancy into a cost-effectiveness decision. However, it
is important to remember that the result of an economic
evaluation is but one component of a health policy de-
cision and that the nature of economic evaluation is to
remain radically neutral concerning qualitative factors
such as equity and other social and ethical values.24 There-
fore, if policy makers determine that noneconomic fac-
tors indicate that treatment of a person older than 65 years
(or someone with a shortened life expectancy) is justi-
fied, they might disregard the findings presented here and
offer treatment to older people (or younger people with

life-threatening disease) based on the findings of our origi-
nal study.5

Boland and colleagues recently reported the results of
a survey of 58 glaucoma specialists asked to make treat-
ment recommendations based on scenarios of patients with
ocular hypertension (M.V.B., Harry A. Quigley, MD, and
Harold P. Lehmann, MD, PhD, unpublished data, 2007).
On average, before presentation of a risk estimate, the av-
erage threshold for treatment was 4.6% per year. After pre-
sentation of a risk estimate, the average threshold was 3.4%
per year. Both of these thresholds are well above the 2%
or greater threshold recommended in our previous re-
port.5 Boland and colleagues also reported that the in-
creased risk associated with age was not a significant pre-
dictor of physician treatment recommendations in the
absence of a formal risk calculator. When the risk calcu-
lator was used, increasing age was predictive of a recom-
mendation to treat, although the role of increasing age was
not as significant as suggested by the OHTS results.8

As a tool for making a treatment decision, risk calcu-
lators only provide direction concerning one aspect of the
treatment decision. They do not incorporate patients’ at-
titudes toward disease and treatment. However, while we
have discussed the role of anonymous decision makers in
the use of our results, the insights they might give us into
the patient’s perspective are essential. In our sensitivity
analysis,we found thatutility loss associatedwithprogres-
sion to the first stage of POAG was an important factor for
determiningcost-effectiveness.This isevidencethat if treat-
ment of an older person with moderate risk of progres-
sion to POAG is being considered, clinicians need to un-
derstand the patient’s attitudes and knowledge of the risks
and consequences of the disease. If the clinician learns that
the patient’s perception of his or her visual prognosis is
unrealistically pessimistic, careful education concerning
the risk of loss of visual function might be a more effec-

Table 4. Sensitivity Analyses for Ranges of Life Expectancy Needed for Intervention to Be Cost-effective,
Conditional on Age When Starting Treatment and Percentage Treated

Age, y

Treatment Threshold,
% With Annual

Risk of Developing
Glaucoma

Additional Years of Life Needed to Meet WTP Threshold of $75 000/QALY

Base
Case

Low
Utility
Lossa

High
Utility
Lossa

Low POAG
Progression

Rateb

High POAG
Progression

Rateb

Low Annual
Medication

Costc

High Annual
Medication

Costc

Low Annual
Increase in
Incidenced

High Annual
Increase in
Incidenced

45 �2 18 20 16 22 17 14 26 18 18
�3 14 15 12 15 13 10 20 14 14
�4 9 10 8 10 9 7 14 9 9
�5 7 8 6 8 7 5 11 7 7

55 �2 21 23 19 25 19 16 31 21 23
�3 17 18 15 19 16 13 24 14 19
�4 16 17 14 18 15 13 22 12 22
�5 8 9 7 9 8 6 12 6 11

65 �2 23 25 20 27 21 18 34 21 25
�3 22 24 20 26 20 17 32 17 26
�4 21 22 19 23 19 17 29 16 36
�5 19 20 17 20 17 15 25 8 26

Abbreviations: POAG, primary open-angle glaucoma; QALY, quality-adjusted life year; WTP, willingness-to-pay.
aLow utility loss indicates 0.0125; high utility loss, 0.05.
bLow POAG progression rate indicates 1% per year progress from Hodapp-Anderson-Parrish stage 1 to 2; high POAG progression rate, 10% per year progress

from Hodapp-Anderson-Parrish stage 1 to 2.
cLow annual medication cost indicates $150/year; high annual medication cost, $1000/year.
dLow annual increase in incidence indicates 0.9%; high annual increase in incidence, 2.7%.
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tive approach to treating ocular hypertension than medi-
cation. On the other hand, if the patient has a realistic un-
derstanding of the risks and consequences of the disease
but is highly risk averse concerning visual impairment,
the patient might benefit from treatment regardless of his
or her life expectancy.

As with any economic model, the results may be bi-
ased to the extent that we have incomplete knowledge
of the parameters or distributions used in the model. How-
ever, the results of our sensitivity analyses were robust
to a wide range of parameters as tested through sensi-
tivity analysis. An additional concern is that our results
represent the cost-effectiveness related to treatment for
particular age subgroups. Since we have found differ-
ences in the cost-effectiveness based on a person’s age,
it is possible that differences in cost-effectiveness will ex-
ist for other subgroups such as sex or race. At the same
time, it is unclear how these characteristics may affect
the progression of disease or other factors influencing cost-
effectiveness.

Previous work from the OHTS showed that, on aver-
age, treatment of people with ocular hypertension and a
2% or greater annual risk of progression to glaucoma met
commonly accepted standards of cost-effectiveness. Here
we have found that when the person’s life expectancy was
taken into consideration, the 2% or greater threshold met
standards of cost-effectiveness only when the person is
aged 45 years and has a life expectancy of more than 20
remaining years. Treatment of those aged 55 years re-
quires a life expectancy of 24 remaining years or accep-
tance of a more liberal standard of cost-effectiveness.
Treatment of people older than 65 years did not meet most
accepted standards of cost-effectiveness. However, the pa-
tient’s attitude toward treatment and disease progres-
sion remains an important factor in determining the cost-
effectiveness of treatment.
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