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The incidence of cataract in India is an overestimate

R. THOMAS, J. MULIYIL

ABSTRACT
Background. Data obtained from surveys using distant

direct ophthalmoscopy (000) with an undilated pupil for the
detection of cataracts suggest an annual incidence of 3.8 million
cataracts and over 9 million cataract-blind people in India today.
Method. We recalculated the projections after adjusting for

the sensitivity and specificity of 000.
Results. Our calculations suggest that the incidence of

cataract may have been overestimated by approximately 60%;
corroborative evidence is provided.
Conclusions. The specificity and sensitivity of diagnostic

tests used in surveys may distort the projected figures and have
adverse implications for the planning of services.
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INTRODUCTION
The annual incidence of cataract in India has been estimated
to be 3.8 million' and 1.8 million sight-restoring operations
are performed every year.' Assuming an average life expect-
ancy of 7.5 years after the onset of cataract blindness, there
should be a backlog of approximately 15 million Indians
blind from cataract; if the life expectancy is 10 years, the
backlog should be approximately 20 million. A survey
published in 1995 showed that the backlog of blind people
in the country was 12 million, of which 80% was due to
cataract. 2 Thus there is a discrepancy of 5 to 10 million. Is
it possible that the incidence of cataract has been overesti-
mated?
Cross-sectional studies have provided useful data on the

prevalence of cataract. To the best of our knowledge, the only
study that has provided much needed data on incidence was done
by Minassian and Mehra. 1 In this study, the technique of distant
direct ophthalmoscopy (DDO) was used to detect cataract in an
appropriately selected sample of the population. The study was
then repeated after 4 years to generate the incidence of cataract.
This landmark study estimated that 3.8 million people in India
were blinded due to cataract every year. This alarmingly high inci-
dence of cataract was seminal for the future planning of cataract
services and prompted the recommendation of a higher annual
target for cataract surgery. Such studies are critical for the proper
planning of cataract services. However, considering the magnitude
of the problem, we re-examined the data to confirm the estimates.
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THE RESULTS
The estimates if the incidence rates obtained in the study are
applied to the original study population
The original population at the start of the Minassian and Mehra' s
study was 1735.1 Of these, the number of blind people at the time
of the initial survey was 80. Assuming that all of them were blind
due to cataract, a population of 1655 was left for follow up. From
this group, Minassian and Mehra generated the age-specific
incidence rates which are shown in Table I (data from their
article). If we apply the age-specific incidence rates obtained by
the authors to their own population of 1735, we should obtain a
figure near 80 (the prevalence of cataract-blind in the population).
This calculation is shown in Table I.
We used the same formula as the authors: CI= l_e-r(t) [where, CI

is the cumulative incidence of cataract, e is the base of the natural
log (2.718), r is the annual incidence per person-year, and t the
time]. We obtained a figure of 145. This is 81% higher than the
observed number of 80. In cataract, the CI of any age group should
be close to the age-specific prevalence for that age group. Hence,
applying the suggested incidence rate to the original population
tends to suggest that the incidence of cataract may indeed have
been overestimated.

Does the method used for its detection alter the estimates of
cataract?
The sensitivity and specificity of the method used to detect disease
would affect estimates of the disease in the population. In the case
of cataract, the sensitivity would determine the number of cases
that have been missed (false-negatives); and the specificity would
determine the number of normal individuals that have been
labelled as having cataract (false-positives). In projecting study
estimates of the disease to the entire population, the sensitivity
and specificity of the method used should ideally be accounted
for. One of the methods of detecting cataract in the field-the
method used in the above study-is DDO. This technique has
been shown to have good inter-observer reliability, 3but reliability
does notreflectthe accuracy of the test. At the time Minassian and
Mehra performed their study, the sensitivity and specificity of this
method to detect cataract was perhaps not known.
In a study conducted in our hospital, under conditions ideal for

DDO, we compared the ability ofD DO to detect visually significant
cataracts to the gold standard, an experienced ophthalmologist
diagnosing cataract using the visual acuity, slit-lamp examination
as well as DDO (unpublished data). The best sensitivity and
specificity for DDO to detect visually significant cataract (with an
undilated pupil asused in surveys) was 96% and 87% , respectively.
Therefore, we adjusted the determined data on incidence for this.
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TABLE1. Projected incidence rates applied to the original study population.
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Incidence
rate/year

Expected
no. of cases

Age No. of
(years) subjects

Cumulative
survival for
2.5 years

Cumulative
survival for
5 years

35-39* 296
40-44 229
45-49 247
50-54 248
55-59 135
60-64 164
2!D 101
Total

0.0019
0.00253
0.00595
0.01336
0.02388
0.03734
0.0581

0.9953
0.9937
0.9852

I 0.9672 I
0.9420
0.9109
0.8648

Cumulative
risk =
I-cumulative
survival

1.4
3.6
9.0
20.3
22.0
46.3
43.9
145

Cumulative survival for2.5 years = e-I~l.') Cumulative survival for 5 years = e-6(5)

Cumulative risk for the ioh age group = I-cumulative probability of being cataract-free till that age
• The age group 30-34 years had zero incidence of cataract blindness and has been omitted from the calculations
Note: The figures in blocks indicate how the cumulative risk was calculated: to obtain the cumulative risk in the age group
50-54 years. the 5-year cumulative survival for the previous age groups were multiplied by the 2.5-year survival for the age
group under consideration and subtracted from one to obtain the cumulative risk. Risk here means risk of blinding cataract.
and survival indicates being free from blindness.

The corrected estimate of incidence for the sensitivity and
specificity of the test used
The following formula can be used to determine the true probability
of cataract:

[P (T +) + specificity]-l
P(D) - -----------

(sensitivity + specificity)-l

where, P(D) is the probability of disease and P(T + ) is theprobability
of the test being positive.
This equation essentially removes the false-positives and adds

the false-negatives to the test-positives to obtain the true prevalence.
The derivation of this formula and the definition of sensitivity and
specificity as used here are explained below.

Derivation of formula to .determine probability of disease
after adjusting for the sensitivity and specificity of the method
used to detect disease

A standard two-by-two table is shown below:
Disease-positive Disease-negative

Test-positi~e I a I ~ I a+b
Test-negative c . d c+d

a+c b+d n(a+b+c+d)

The sensitivity of the test is aI(a+ c) and the specificity is dl (d + b).

What we need to know is the number of people with disease
(cataract). The number of people with the disease or P(D) in the
above table is a+ c. What we have available from any surveyor
study is the number of people who were test-positives (number of
people detected to have cataract on DDO) or a+ b.
The probability of being test-positive P(T) =aln + binwhere aln

is the probability of being test-positive and having cataract [denoted
as P(T ID)] multiplied by the probability of cataract in the population
[denoted as P(D)] and bin is the probability of being test-positive
but not having cataract [denoted as P (T/D-)] multiplied by the
probability of no cataract in the population [denoted as P(D-)].

Thus, P(T) = a/n+ bin= P(TID) x P(D) + P(TID-) x P(D-)

Since the probability of no disease or P(D-) is the same as one
minus the probability of disease or 1-P(D), we can re-write the
above formula as:

P(T)=P(TID) xP(D) + P(TID-) x [l-P(D)]

When we solve the second part of the equation and multiply
P(TID-) x [l-P(D)], wegetP(TID-)-P(TID-) xP(D). The equation
can now be written as:

P(T) =P(TID) xP(D)+P(TID-)-P(TID-) xP(D)

Since the probability of disease P(D) figures in both parts of the
equation, this becomes:

P(T) = [P(TID)-P(T ID-)] x P(D) + P(TID-) or

P(T)-P(TID-)
P(D) = -----------

P(TID)-P(TID-)

From the two-by-two table, we know that P(T/D-) or the
probability of being test-positive in the absence of disease (or
false-positives) is the same as I-specificity and P (T/D) or the
probability of being test-positive in the presence of disease (or
true-positive) is the same as sensitivity. The equation can therefore
be written as:

P(T)-( l=specificity)
P(D) = --------------

sensitivity - (I-specificity)

This is equivalent to:

[P(T) + specificity]-1
P(D) = ------------

(sensitivity + specificity)-l

Assuming that 10% of the subjects are test-positive (found to
have cataract on DDO), if we consider the sensitivity to be 100%
and use a specificity of91 % (better than what we obtained) in our
formula:

(0.1 +0.91)-1
True-positives = -----

(1+0.91)-1

1.01-1 0.01
=--=--=0.01=1%
1.91-1 0.91



184

It would seem that using DDO, if we diagnose 10% to have
cataracts, the true rate is 1%.

If the estimated specificity of the test is higher, what are the
results?
We could have erred in our estimated specificity of DDO. As
vision was also assessed in the surveys (albeit without a pinhole),
in addition to DDO, this would be expected to increase specificity.
We could therefore do a 'sensitivity analysis' with a generous, but
reasonable increase in the specificity ofDDO to 96%.

(0.1 +0.96)-1 1.06-1 0.06
True-positives=----- = --- = -- =0.0625=6.25%

(1+0.96)-1 1.96-1 0.96

Even if the sensitivity of DDO is 100% and the specificity
96%, with a test-positive rate of 10%, the true cataract rate is
6.25%. This 60% overestimate is close to the 81% overestimate
we obtained when we applied the projected incidence rates to the
authors' population-that is, 145 versus the observed 80.
Therefore, the evidence suggests that the specificities operating
during the two surveys that comprised the study to estimate data
on incidence I were quite different; the first one being more
specific than the second.
The true specificity of DDO is unlikely to be this high. Also,

the study was conducted in a backward area where the prevalence
of trachoma and other conditions causing corneal opacities is
probably high and this would further decrease the specificity.

DISCUSSION
In order to obtain true estimates of cataract blindness it would be
ideal to perform an adequately designed survey in different parts
of the country using methods appropriate to diagnose cataract.
Ideally this would mean an ophthalmologist using vision (with
pinhole to increase specificity), slit-lamp and DDO to make the
diagnosis. With the availability of good portable slit-lamps, such
a study should not be too difficult to carry out and would seem well
worth it in terms of the hard data it would generate for planning.

THE NATIONAL MEDICAL JOURNAL OF INDIA VOL. 11, NO.4, 1998

Considering the projected magnitude of the problem, this approach
would be desirable. It needs to be recognized that in surveys the
specificity (and to some extent the sensitivity) of the diagnostic
method used may seriously distort the actual prevalence of the
problem. A recent well designed survey in Karnataka, using a
retinoscope to perform DDO (and vision without a pinhole),
estimated that the prevalence of cataract had increased by 90%
(Limberg H, personal communication). This alarming secular
trend in the frequency of cataract can be largely explained by the
accuracy of the diagnostic method used. Till accurate data gathered
in an appropriate manner are available, it would seem reasonable
to use the available data after adjusting for the validity (sensitivity
and specificity) ofDDO.
It might seem odd for an ophthalmologist to propose a lower

estimate of cataract blindness than generally accepted, thereby
seemingly lowering the public health importance of the specialty.
However, when the number of cataract operations performed is
the only yardstick by which the performance of ophthalmologists
is gauged and targets are set, the situation becomes hauntingly
reminiscent of the target-oriented family planning drives in the
1970s. It becomes our responsibility to be reasonably sure that our
estimates are indeed correct. If the incidence is lower than
anticipated, the goal of eliminating the backlog may become
achievable. A genuine concern, of course, is that if the incidence
is less than what was anticipated, perhaps the allocation of
funding might be proportionately decreased. On the other hand, a
strong rational plea could be made for allocated funds to be used
for delivery of quality eye care with a minimum of iatrogenic
blindness.
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