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Objective: To estimate the net benefit of the Gambian
Eye Care Program (GECP) using a limited definition of
benefits from a societal perspective.

Methods: The number of cases of blindness avoided was
modeled using population projections, population-
based blindness survey estimates from 1986 and 1996,
and reported blindness-related mortality differences. Ben-
efits were measured as lifetime productivity gains that
resulted from the cases of blindness avoided between the
surveys. Costs included all contributions to GECP be-
tween the surveys.

Results: In 1996, 1658 fewer individuals were blind than
would have been without GECP. The present value of costs

was US $1.28 million (1995 dollars). Although the net ben-
efit between the blindness surveys was negative, the net
lifetime benefit was US $1.01 million (1995 dollars), yield-
ing an internal rate of return of 10%. In the primary sen-
sitivity analysis, assuming similar benefits to Senegalese
citizens, who accounted for 30% of patients, the internal
rate of return was 19%. Upper bound sensitivity analyses
result in internal rates of return higher than 20%.

Conclusion: In one sub-Saharan African country with
avoidable blindness due to cataract and eye infections, the
internal rate of return of a national eye care program was
substantial when using a limited definition of benefit.
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B LINDNESS IMPOSES A SUBSTAN-
tial economic burden world-
wide.1-4 As the population
ages, even if age-specific
blindness prevalence rates re-

main constant, the overall prevalence of
blindness will increase. VISION 20201 aims
to eliminate avoidable blindness by creat-
ing awareness, increasing resources for eye
care, and facilitating improvements in na-
tional eye care services. A conservative es-
timate of the global burden of blindness has
shown that more than $100 billion in po-
tential lost productivity could be avoided
if interventions promoted by VISION 2020
are as successful as hoped.1 Although $100
billion would be a small fraction of the gross
domestic product in the United States, it
would represent a substantial gain relative
to sub-Saharan African economies.5

The Gambian Eye Care Program
(GECP) has demonstrated a decrease in
the crude prevalence of blindness from
0.70% to 0.42% between 1986 and 1996.6,7

The prevalence in 1986 was similar to the
global prevalence of blindness.8 Al-
though the prevalence in 1996 was some-

what higher than the levels anticipated for
sub-Saharan Africa after VISION 2020
(0.33%),1 this was achieved after only 11
years of implementation.

Modeling the net benefits of GECP, the
objective of this study, requires several as-
sumptions. Nearly all assumptions bias the
results against a positive net benefit. A
positive net benefit despite the assump-
tions would suggest that GECP is a vi-
able model for all of sub-Saharan Africa.

METHODS

PREVALENCE AND MAGNITUDE
OF BLINDNESS

Faal et al6,7 reported from national population-
based surveys that the crude prevalence of
blindness in the Gambia was reduced by 40%
between 1986 and 1996, from 0.70% to 0.42%.
The entire decrease was attributed to GECP be-
cause no nongovernmental organizations fo-
cused on blindness prevention in the Gambia
during the 11-year period other than those af-
filiated with GECP. Although the prevalence
is expected to be representative of the popu-
lation of the Gambia, the age distribution of
the sample did not match the age distribution
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of the population in US Census Bureau figures. Thus, the num-
ber of cases of blindness avoided in each year between 1986
and 1996 was projected based on the following algorithm. First,
the yearly population of the Gambia in 5-year age intervals was
obtained from the US Census Bureau.9 Second, age-specific
prevalence rates of blindness were obtained from the pub-
lished data for 1986 and from a re-analysis of the 1996 data.6

Third, to project the number of cases of blindness, assuming
that GECP had not been implemented, the age-specific preva-
lence rates reported for 1986 were multiplied by each year’s
population projections. Fourth, the prevalence within each age
range was assumed to decrease by a constant proportion an-
nually throughout the 11-year period, starting with the re-
ported age-specific prevalence in the 1986 population and end-
ing with the age-specific prevalence calculated for 1996.

COST OF GECP

The expenditures for GECP from the Gambian government, Sight
Savers International (West Sussex, England), and other donors
began in 1986 and continued through 1996, with expenditures
in Gambian dalasis and British pounds. Annual figures were ob-
tained from GECP and the Overseas Department of Sight Sav-
ers International. These represent all known costs of blindness
prevention in the Gambia during the 11 years of interest, since
there were no nongovernmental agencies that dealt with blind-
ness prevention in the Gambia other than those affiliated with
GECP. All costs were converted into 1995 US dollars by the fol-
lowing algorithm. First, data were obtained from GECP on all
expenditures in various currencies. These were adjusted to 1995
levels using the within-country inflation rates available in the
World Bank data.5 Second, the 1995 figures were translated into
US dollars using the currency exchange rates from World Bank
data.5 Third, the expenditures reported during years 2 through
11 were discounted to the present value at the start of the pro-
gram using a 3% discount rate. The present value indicates the
value of money at the start of the program that would be re-
quired to fund the entire program if the interest rate for money
that is not spent until a later period is the same as the discount
rate. Table 1 lists the inputs to GECP.

An opportunity cost for land use was not calculated. Capital
expenditures were assessed at the time of purchase rather than

across time based on the foregone interest earnings on the ex-
penditure and changes in value, as would be the case when us-
ing a shadow-price-of-capital approach.10 Costs for the donated
cataract camp time and donated used spectacles were estimated.

CALCULATION OF PRODUCTIVITY GAIN
FOR 1986 TO 1996

The method of valuing 1 year of blindness used in the projec-
tion of the potential gains if the VISION 2020 program were
as successful as envisioned can also be used in the estimate of
the net benefit of a country-specific national eye care pro-
gram. This method does not assume that the value of all indi-
viduals’ time is the mean value of productivity or that the pro-
ductivity loss is likely to be limited because of less than full
employment.11,12 Additionally, it is impossible to determine the
importance of team production or the possibility of high pen-
alties for productivity shortfalls that may affect the value of lost
productivity.13 The method assumes that accommodations were
not made to help blind individuals be as productive as non-
blind individuals, although there is only a partial loss of pro-
ductivity. Furthermore, this method assumes that individuals
who avoid blindness become completely productive.

The specific algorithm included the following steps. First, gross
domestic product or gross national income per capita data were
obtained for the years 1986 through 1996 in 1995 US dollars from
World Bank data.5 Second, the gross domestic product per capita
was adjusted in proportion to the blindness weighting for dis-
ability-adjusted life-years (60%).4 This is a lower figure than has
been used in other articles that estimated the productivity lost
due to blindness.2,3 Third, it was assumed that if all blind indi-
viduals aged 15 to 64 years, regardless of sex, were not blind,
they would have the same probability of being in the labor force
and of being employed as the general population. Although there
are data readily available on the labor force participation in the
Gambia, there were no data on the unemployment rate. We there-
fore used the mean from the data on unemployment from sub-
Saharan African countries in the 1986 to 1996 period.5 Thus, for
an individual between the ages of 15 and 64 years, the loss was
assumed to be the gross domestic product per capita multiplied
by 0.6 as mentioned previously, multiplied by the percentage of
adults in the labor force, multiplied by 1 minus the unemploy-
ment rate. Fourth, individuals 65 years and older were assumed
to be half as productive as younger adults aged 15 to 64 years.
Fifth, each blind individual, regardless of age, was assumed to
require one tenth of 1 productive adult’s time, causing an addi-
tional productivity loss.

LIFETIME BENEFITS
FOR 1986 TO 2050

To project the lifetime benefits through 2050, we used the popu-
lation estimates available from the US Census Bureau. All avail-
able gross domestic product or gross national income figures avail-
able through the year 2002 were used, and it was assumed that
the gross national income per capita remained stable from 2002
until 2050.5,14 We further assumed that (1) no additional cases
of blindness would be avoided after 1996; (2) blind individuals
have a relative risk of mortality of 2.3 compared with nonblind
individuals (although other figures are available in the literature)
,15-17 and (3) there was no migration. To determine the number
of cases of blindness avoided from 1997 to 2050, we aged cases
that had been prevented before 1996 through the remainder of
their lives or until the youngest were 54 years old in 2050. The
lifetime present value of the net benefit was calculated along with
the internal rate of return (IRR). The IRR is the discount rate at
which the net present value would just equal zero, and a recom-

Table 1. Inputs to the Gambian Eye Care Program Provided
by the Government and Donors

The Gambian
Government Sight Savers International Other Donors*

Salaries for personnel Hospital improvements Cataract camp
Accommodation Ophthalmic and other

equipment†
Used spectacles

transport
Drug supplies and

materials
Motorcycle and parts

purchase†
Water and electricity Training eye and medical

staff
Telecommunications Some salaries, benefits, and

allowances
Transport costs Running costs of units
Equipment maintenance Drug supplies and materials
Patient feeding Rent
Land‡ Eye care administration

Transport costs
Audits and inspections

*These costs were estimated.
†Capital costs are treated as expenses at the time of purchase.
‡Land value is not included. This leads to an underestimate of the true

costs, although it is a reasonable reflection of the budgetary costs.
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mendation to adopt a program can be made if the social dis-
count rate is believed to be lower than the IRR.10

SENSITIVITY AND
THRESHOLD ANALYSES

Three sensitivity analyses favorable to GECP were per-
formed. The primary sensitivity analysis assumed that the
benefits in the Gambia represent only 70% of the total, since
30% of the treatments were for Senegalese citizens. The sec-
ond assumed that blind individuals lose 100% of their pro-
ductivity rather than 60%.2,3 The third assumed that all cases
of blindness averted would result in a 60% productivity
increase, not adjusting for labor force participation and
unemployment. Although this does not directly capture the
benefits to subsistence farmers, it provides an upper bound
estimate. Two thresholds were calculated. The first allows
for the possibility that the conservative base case estimate of
productivity gain is excessive and calculates the minimum
proportion of the base case productivity gain at which, in
combination with other base case assumptions, the net ben-
efit is nonnegative. The second allows for the possibility that
some of the decrease in the prevalence of blindness may
have occurred even without GECP and determines the mini-

mum percentage of cases avoided that would need to be
attributed to GECP to have a nonnegative net benefit,
assuming base case productivity loss.

RESULTS

PREVALENCE AND MAGNITUDE
OF BLINDNESS

Between 1986 and 1996 the population of the Gambia in-
creased45%,from827000to1197000,withtheprevalences
ofblindnessgiven inTable2.The1986prevalence rateus-
ing the US Census Bureau figures was 0.60%, and applying
the1996age-specificprevalenceratesobtainedfromasupple-
mental analysis of the data to the 1986 population yielded a
prevalence of 0.45%. Previously reported prevalence rates
were 0.70% for 1986 and 0.55% (age adjusted) for 1996.6,7

This suggests a mismatch between the population sampled
andthepopulationdataprovidedbytheUSCensusBureau;
however, theproportionaldecreaseintheprevalencerateap-
pears to be similar. We project that 1658 cases of blindness
were averted in 1996 from GECP. Of these, 1083 individu-
als (65.3%) were between the ages of 15 and 64 years, and
313 (18.9%) were children 14 years or younger (Table3).

COST OF GECP

The cost of GECP, converted to 1995 US dollars and mea-
sured as a present value, was US $1.28 million. In the first

Table 2. Estimated Population and Prevalence of Blindness
in the Gambia Without and With GECP by Year

Year Population
Projected Prevalence

Without GECP, %
Estimated Prevalence

With GECP, %

1986 826 679 0.60*
1987 858 433 0.58 0.56
1988 891 486 0.57 0.52
1989 925 867 0.57 0.50
1990 961 606 0.56 0.47
1991 998 523 0.55 0.45
1992 1 036 442 0.55 0.44
1993 1 075 398 0.55 0.43
1994 1 115 210 0.54 0.42
1995 1 155 682 0.54 0.41
1996 1 196 782 0.54 0.40

Abbreviation: GECP, the Gambian Eye Care Program.
*This is slightly lower than the 0.7% figure that is published but is a result of

using US Census Bureau population figures that represent a somewhat different
distribution of ages than was suggested in the data of Faal et al.6 The
age-adjusted decrease in prevalence reported by Faal and colleagues was
0.55/0.7=0.79. Applying the 1996 age-specific prevalence rates to the 1986
population and calculating the ratio of the population prevalence to 0.60%, we
observe a ratio of 0.75, suggesting a larger decrease from a smaller base and
implying an uncertain effect on the estimated productivity gains.

Table 3. Person-years of Blindness Avoided by Age Group and Year

Year

Person-years of Blindness Avoided by Age

0-14 y 15-64 y �65 y Total

1987 43 169 27 239
1988 83 320 52 455
1989 119 457 77 653
1990 153 579 102 834
1991 184 690 126 1000
1992 214 789 152 1154
1993 241 877 178 1295
1994 266 955 205 1426
1995 290 1024 233 1547
1996 313 1083 262 1658

Table 4. Total Costs of the Gambian Eye Care Program
by Year

Year 1995 US $
Present Value of

1995 US $ in 1986 % of Total

1986 82 270 82 270 6
1987 82 487 80 085 6
1988 51 416 48 465 4
1989 117 638 107 656 8
1990 52 308 46 475 4
1991 198 607 171 320 13
1992 52 509 43 975 3
1993 184 913 150 351 12
1994 412 632 325 735 25
1995 248 548 190 492 15
1996 44 498 33 165 3
Total 1 527 826 1 279 988 100
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6years,38%ofthecosts($584700)wereincurred(Table4).
The Gambian government and Sight Savers International
were responsible for most of the expenses and spent 26%
and 74%, respectively.

NET BENEFIT FOR
1986 TO 1996

Table 5 gives the discounted program costs and pro-
ductivity gains by year of implementation. During the first
6 years of the program, the net loss was approximately
$263000, and during the last 5 years the net loss was
$250000, leading to a net loss during the 11 years of
implementation of $513000 after having spent $1.28 mil-
lion. During the 11 years of implementation, there were
positive net benefits only in the last year and in 2 other
years marked by limited spending.

LIFETIME BENEFITS
FOR 1986 TO 2050

Calculating the net gains from 1986 (beginning of GECP)
until 2050 (when the youngest individual helped by 1996
would be 54 years old) indicated a net gain of $1.01
million (Table 6), consistent with an IRR of 10%. With
no discounting, the total spending was $1.5 million, the
total benefit was $4.5 million, and the net benefit was
$2.9 million.

SENSITIVITY AND
THRESHOLD ANALYSES

If the benefits to Gambian citizens are assumed to be only
70% of the total, with the remainder going to Senegalese
citizens not reflected in the prevalence data, the IRR would
be 19%. If blind individuals were assumed to lose all pro-
ductivity and only the Gambian benefits were counted, the
IRR would be 21%. If all cases of blindness averted re-
sulted in increased productivity, with all other assump-
tions being those made in the base case analysis, the IRR
would be 42%. Both threshold analyses use a 3% discount

rate. Using initial assumptions about productivity gain and
the population affected, at least 56% of the cases of blind-
ness avoided would have to be attributable to GECP for
the program to have a positive lifetime net benefit. Simi-
larly, using initial assumptions, only 56% of the initial pro-
ductivity gain needs to be achieved (perhaps unemploy-
ment in the Gambia is higher than in other parts of sub-
Saharan Africa) for GECP to have a positive net benefit.

COMMENT

The GECP is associated with a long-term positive net ben-
efit if avoiding blindness allows individuals to be more
economically productive across time. Although the pro-
gram was not projected to break even until 2004—18 years
after its inception—the stream of costs and benefits sug-
gests a 10% IRR by the time the youngest individual who
was helped during the implementation would be 54 years
old.

This positive net benefit was projected despite assump-
tions and methodological choices that were made to bias
against apositivenetbenefit.Theprimarysensitivityanaly-
sis that extended thebenefits calculation toSenegaleseciti-
zens who obtained care yielded an IRR of 19%. Even this
IRRmaybeconservative,sincethebenefitsweresimplyscaled
up, although Senegal consistently has a higher level of eco-
nomic output per capita than the Gambia.

Additional sensitivity analyses demonstrated upper
bounds estimates of the IRR above 20% if all cases of blind-
ness averted resulted in increased productivity or if a 100%
productivity loss were assumed. Furthermore, less than
two thirds of the base case productivity gain would need
to be attributable to GECP for the program to have a non-
negative net benefit at the standard discount rate. These
analyses support the conclusion that this program is likely
to have a substantial positive net benefit.

A specific assumption that limited the projected ben-
efit was the exclusion of the effect of averting blindness
on quality of life.18,19 Several other assumptions about eco-
nomic growth limited the projected benefit because we
assumed no real per capita economic growth after 2002
and that the labor force participation rate and unemploy-
ment rate would remain stable. Finally, we assumed con-
servatively that there were no additional cases of blind-
ness averted after 1996. This implies that all of the
resources used during the first 11 years of implementa-

Table 5. Discounted Program Costs, Productivity Gain,
and Net Loss and Benefit by Year for the Gambian Eye
Care Program

Year

Discounted
Program Cost,

1995 US $

Discounted
Productivity Gain,

1995 US $

Discounted
Net Loss or Benefit,

1995 US $*

1986 82 270 0 (82 270)
1987 80 085 22 308 (57 777)
1988 48 465 41 219 (7246)
1989 107 656 57 872 (49 784)
1990 46 475 70 594 24 119
1991 171 320 80 974 (90 346)
1992 43 975 89 855 45 880
1993 150 351 96 871 (53 480)
1994 325 735 99 903 (225 833)
1995 190 492 102 508 (87 983)
1996 33 110 104 962 71 851
Total 1 279 934 767 065 (512 869)

*Net loss figures are in parentheses. Numbers do not always total because
of rounding.

Table 6. Present Value of Net Lifetime Benefits in
the Decades From 1986 to 2050 for the Gambian Eye
Care Program

Period Net Gains and Losses, 1995 US $*

1986-1995 (584 720)
1996-2005 658 433
2006-2015 434 026
2016-2025 254 323
2026-2035 156 423
2036-2045 67 876
2046-2050 20 493
Total 1 006 854

*Net loss figure is in parentheses.
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tion reverted to operating relatively inefficiently after the
11 years studied, an unlikely outcome.

One assumption not previously discussed may bias
the results in favor of a positive net benefit, although its
effect is expected to be relatively small. The changing
prevalence of low vision was ignored, although Faal
and colleagues6,7 showed an increase between 1986
and 1996. If individuals who do not become blind
remain significantly visually impaired instead of hav-
ing no visual impairment, this would change the ben-
efit calculation.

Although the prevalence rates at the population level
in this study are not identical to the published rates as a
result of using different census figures, the ratio of the
reported age-adjusted rates in 1986 and 1996 was simi-
lar to the ratio of the prevalence calculated for 1986 in
this study and the figure that comes from applying 1996
age-specific prevalence rates to 1986 population data. If
the published prevalence rate of 0.7% were closer to re-
ality, the IRR would be 13%.

The GECP has other effects that have not been val-
ued in this analysis. An estimated 320000 people with
eye disease were treated during the 11-year period; this
suggests a reduction in eye disease or symptoms from eye
disease that may extend beyond acuity and field impair-
ments. Furthermore, the effects of improved infrastruc-
ture and human resources likely to continue after 1996
were excluded but could result in long-term benefits for
population health.

The reduction in blindness between 1986 and 1996 was
mainly the result of a reduction in blindness from cata-
ract. Cataract was responsible for 55% of all blindness in
1986 (prevalence, 0.36%) and 45% in 1996 (prevalence,
0.18%). This 50% reduction in cataract blindness was con-
sequent on increasing human resources necessary to pro-
vide cataract surgery from 1 to 6 people, reducing the dis-
tance to travel to access cataract surgery from 500 to less
than 60 km, increasing hospital beds dedicated to pa-
tients receiving eye care from 7 to 63, and increasing the
cataract surgical rate from fewer than 300 operations per
million to approximately 1500 per million in 1996. The
analysis that suggests that less than two thirds of the base
case projected benefit would need to occur to yield a posi-
tive net benefit indicates that changes in cataract blind-
ness alone may yield a positive net benefit.

For the remainder of sub-Saharan Africa, the eco-
nomic projections imply potential lifetime net benefits
of $800 million for $1.0 billion of expenditures through-
out 11 years. However, these projections should be in-
terpreted cautiously because (1) the Gambia is a small
country with a centralized program, (2) the population
density is high for the region, and (3) the prevalence of
blindness in the Gambia was only 70% of the preva-
lence that Thylefors et al8 suggested for the region. As a
result, the outcomes and the initial investment for an eye
care program may differ in other settings.

To improve the estimate of the economic benefits from
eye care programs, the effect on the level of productivity
needs to be accurately measured. Although there is a sug-
gestion of the need for care for blind individuals from
family members that could affect the family members’ pro-

ductivity, the proportion of time necessary and the pro-
ductivity loss for blind individuals were both assumed
rather than estimated.3

For a population of 800000 to 1200000, GECP cost
$1.28 million during its first 11 years (approximately
$0.11 per person per year). During that period, the preva-
lence of blindness decreased substantially, mainly due
to a 50% reduction in blindness from cataract. Al-
though the program costs are greater than the economic
benefits during the 11-year implementation period, the
lifetime benefits suggest a substantial gain and a favor-
able IRR with a high upper bound. These findings are im-
portant for health policy, particularly for the VISION 2020
initiative, to eliminate avoidable blindness.
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