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In 1985, there were 5.4 million registered
leprosy cases worldwide (S). India, with 3.2
million of there cases (Report of the Work-
ing Group on the Eradication of Leprosy,
1982; Leprosy: status report for 1985-1986,
1986; Ministry of Health and Family Wel-
fare, Government of India), lias more re-
ported cases than all other countrics com-
bined. Thc dcformity, disability and stigma
to lcprosy patients, as well as thc risk to the
billions of persons living in arcas where the
disease is endemic, make it a discasc of
enormous proportion worldwide, but par-
ticularly in India. Yct policy makcrs must
allocate scarce resources for control and
trcatment of discasc between leprosy and
other conditions. Since estimates of eco-
nomic loss provido a valuable guide in there
allocations (Andreano, R. and Helminiak,
T. Economics, health and tropical diseases.
Paper presented at a meeting on the Eco-
nomics of Tropical Diseases, School of Eco-
nomics, University of the Philippines, Ma-
nila, Philippines, 2-5 September 1986), this
paper asscsses the productivity loss from
dcformity due to leprosy in India.

Quantifying the productivity loss is of
special importance because recent multi-
drug regimens, which promise greater con-
trol of leprosy, require more costly drugs
and more careful monitoring of patients than
simpler regimens. In addition, physiother-
apy has been highly effective in limiting de-
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formity if administered early ( 6), but sub-
stantial resources would be required to make
it available universally.

Among leprosy cases in India, approxi-
mately 20%, of cases have some degree of
deformity and disability (Report of the
Working Group of the Eradication of Lep-
rosy, 1982, Ministry of Health and Family
Welfare, Government of India) as a result
ofnerve damage. The primary damage from
Mycobacterium leprae is nervo damage and
hence, loss of function ofnerve fibers. Com-
mon effects of the discasc include clawed
hand and toes, loss or blurring of vision,
nose drop and other forms ofdisfigurement,
and loss of sensation. Secondary damage
results from injury to an anesthetic and/or
deformed limb.

In addition to sufR ring physical impair-
ments, patients are stigmatized, particularly
when they are deformed or disfigured. Both
social stigma and physical dcformity may
limit or preclude a patient's ability to engage
in productive economic activity ('). As a
result, earnings may be reduced or entirely
eliminated.

METHODS AND DATA
Data collection. To examine the relation-

ship betwccn dcformity and productivity
loss, two random samplcs were constructed:
a) 550 leprosy patients with some degree of
deformity and b) 550 adult family members
of there paticnts as control subjects. To de-
rive the samples of lcprosy patients, two
arcas within the state of Tamil Nadu with
a high prevalence of lcprosy were sclected-
the urban arca ofnorth Madras and the rural
arca of Cyeyyar district. Among India's 31
states and union territories, the state of
Tamil Nadu reported the greatest number
of registered cases (674,000 in 1984), or 1
out ofevery 6 cases in the country (Leprosy:
National Leprosy Eradication Program,
1985, Leprosy Division, Director of Med-
ical Services and Family Welfare, Govern-
ment of Tamil Nadu, India). Registration
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cards of leprosy patients from clinics in these
arcas listed approximatcly 3250 patients
from the urban arca and 2250 patients from
thc rural arca. Thc cards wcrc scanned for
mention or trcatment of nerve damage as a
proxy for deformity. As expected, such evi-
dence was found in approximately 20% of
the patients. Half of thesc presumably de-
formed patients wcrc chosen at random and
visited at honre. Thesc patients whose de-
formity was confirmed by obscrvation dur-
ing thc personal visit constitutc thc study
samplc of leprosy patients-325 from the
urban arca and 225 from thc rural arca. Thc
control samplc consists of 550 adults chosen
at random from among the 1075 adult fam-
ily members of the leprosy patients.

To obtain data about thesc leprosy pa-
tients and their familics, two male investi-
gators with master's levei training in eco-
nomics and with previous survey cxperience
wcrc recruited. A physician cxperienced in
trcating leprosy patients trained them for
25 hours in the essentials of the disease. One
of thc investigators interviewed the sample
patients and ali their adult family members
in Tamil, the regional language, betwcen July
1985 and July 1986. Thc family intcrvicw
totaled about three hours and covered the
disease history of the patient and approxi-
mately 80 socioeconomic items about the
patient and cach adult family member.
Whenever a respondent could not answer a
question directly, the interviewer restruc-
tured it in a form consistent with available
data. For example, if a respondent could not
rcport his present age directly, it was de-
rived from his age at marriage, the interval
from marriage until the birth of bis first
child, and the current age of that child. The
duration of deformity was derived similar-
ly. Patients who gave false addresses to keep
their illness secret were contacted at the
clinic when they carne for drugs. To assure
complete and apparently reliable data, the
interviewers requested meetings through
friends and relatives, and returned to a sub-
ject's houre as often as necded; the Tamil
author (EM) personally attended one third
of the interviews. He met privatcly with the
46 patients who initially declined to be in-
terviewed. Eventually, every patient ap-
proached agreed to cooperate and respond-
ed to every question.

Physical impairments of the hands, feet,
and eyes apparently due to leprosy were
graded according to the deformity grading
scale of the World Health Organization ( 12).
For the hand, "0" represents no impair-
ment, "1" insensitive hand, "2" trophic ul-
cers and injuries and/or mobile claw hand
and/or slight absorption, and "3" denotes
wrist drop or fingers clawed and joints stiff
and/or severe absorption of fingers. For the
foot, "0" represents no impairment, "1" in-
sensitivc foot, "2" trophic ulcers and/or
clawed toes or foot drop and/or slight ab-
sorption, and "3" contracture and/or severe
absorption. For the eyes, "0" represents no
impairment, "1" denotes redness of con-
junctiva, "2" denotes lagophthalmos and/
or blurring of vision and/or inflammation
of the globc, and "3" denotes severe loss of
vision or blindness. Thc authors scaled fa-
cial disfigurement as "0" representing no
damage, "1" representing slight facial dis-
figurement, and "2" representing nose drop
and/or severe disfigurement.

Assessment of productivity. A person's
economic productivity, i.e., contribution to
output of the economy, depends on earnings
and thc relationship between earnings and
output. In this study, earnings are the sum
ofwages and salaries from manual labor and
other forms ofpaid cmployment, profit from
trade or business, and the individual's pro-
rata share of the family's earnings from the
family farm. Annual earnings wcrc calcu-
lated by multiplying the number of days an
individual reported working during the last
ycar times the average earnings per day. An
individual who had any earnings during the
past year was termed "gainfully employed."

To calculate the economic loss from de-
formity, it was necessary to compare the
average earnings of groups of leprosy pa-
tients under two alternative conditions: a)
with their present leveis of deformity, and
b) if ali deformities could have been com-
pletely eliminated. Expected annual earn-
ings under cach condition was cstimated as
the product of the proportion of the group
gainfully employed times the average an-
nual earnings of those gainfully employed.

To estimate the proportion of a group
gainfully employed, gainful cmployment was
first analyzed by logistic regression on ali
550 leprosy patients. The dependent vari-
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TABLE 1 . C'haracteristics of the sample of^TABLE 2. Percentage gfpatients with cach
550 leprosy patients with some deformity.^grade of deformity in' site.

Characteristic^Data

Sex^ 69% inale
31% Ikmale

Average age^48.3 years
Location^59% urban

41% rural
Schooling^32% with no years

68% with some years
Average schooling^3.8 years
Technical skills^86%, with nono

14%, with some
Earnings in past year^42% have some

58% have none
Average earnings^Rs 1852/year

(including 0)
Average duration of

^
8.6 years

deformity

Average deformity grades
Hands^2.90
Feet
^ 2.52

Eycs^ 0.45
Face^ 0.11

able, the presence of earnings, was coded as
"1" ifthe patient reported positive earnings
(working at least one day per year with pos-
itive earnings), and "0" otherwise. The in-
dependent variables ofgreatest interest were
the deformity grades. To improve the fit of
the Iogistic regression, other major deter-
minants of earnings were considered in the
equation. These include sex, urban or rural
location, presence of schooling, and pres-
ence of technical skills. Table 1 lists the
variables considered relevant for examining
the relationship between physical impair-
ments and earnings, and presents their mean
values and distributions for leprosy patients
in the sample.

Next, the amount of annual earnings was
examined for the 232 gainfully employed
leprosy patients using multiple regression
with a log-linear specification. That is, the
dependent variable was the natural Ioga-
rithm of earnings per year (in rupees) and
independent variables were those in the lo-
gistic regression. This log-linear specifica-
tion seemed most appropriate because the
distribution of earnings was skewed to the
right, and males and urban residents tended
to earn several times as much as females
and rural residents, respectively. Neverthe-

Site of deformity
Grade

Hands Feet Eyes Face

O 13.8 8.0 72.7 91.1
6.9 5.3 12.5 7.1

2 25.3 13.6 11.5 1.8
3 54.0 73.1 3.3 —

Total 100.0 100.0 100.0 100.0

less, an ordinary linear specification was fit
as a scnsitivity analysis. Furthermore, to
validate results derived from leprosy pa-
tients, projccted earnings of leprosy patients
without deformity were compareci with ac-
tual earnings ofcontrol subjects. Finally, the
regression equations were used to estimate
what the leprosy patients' earnings would
have been ifthey had been free ofdeformity.

RESULTS
Table 1 shows that males predominate

the sample of leprosy patients, a finding
consistent with other epidemiological stud-
ies of leprosy ( 12 ). Table 2 shows that the
feet are the site most likely to be deformed;
the face is least likely. The average grade of
deformity in the limbs increased with the
duration of deformity, reflecting the pro-
gressive nature of deformities in leprosy.

Table 3 reports the results of the Iogistic
regression for gainful employment. All of
the deformity variables are statistically sig-
nificant and negative in sign, as expected.
Due to minimal facial deformity, that vari-
able was not statistically significant and was
not included in the final specification. Age
over 50 years was also tested and its coef-
ficient was not significantly different from
zero. Overall, 42.2% of the sample leprosy
patients were gainfully employed.

To estimate the average annual earnings
during the last year of ali leprosy patients
with deformity, the proportion of this pop-
ulation gainfully employed (42.2%) was
multiplied times the geometric mean an-
nual earnings ofgainfully employed leprosy
patients in the study (Rs 2948), giving Rs
1259 per year.

Table 4 shows the log-linear regression
results for levei of earnings. In general, the
predictors of earnings per day acted in the
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TABLE 3. Logistrc regression for gainful
enrplot'nrent.

TABLE 4. Least squares of regression on
natural logarithnr of animal carnings.

Variable Coeflicient
Sta t istical

s ign i ficancc, p

Sex (1 if inale) 1.883 < 0.00005
Urban or rural

(1 if urban) 0.777 0.0004
Schooling (1 ir some) 0.619 0.0093
Technical skills

(1 ifany) 0.716 0.0195
Deformity of cycs —0.605 < 0.00005
Deformity of hands —0.335 0.0006
Deformity of feet —0.220 0.0493
Intcrcept —1.216 0.0075

Variable Coefficient^Statistical
significancc, p

  

Sex (1 if male)
Urban or rural

(1 if urban)
Schooling (1 if some)
Deformitv of eyes
Deformity of hands
Deformity of feet
Intcrcept

^

0.821^0.0001

^

1.117^0.0001

^

0.189^0.1151
—0.199^0.0049
—0.118^0.0044
—0.169^0.0004

^

7.029^0.0001

same direction and with comparable leveis
of statistical significance as predictors of
gainful employment. As the coefficient for
"technical skills" was not statistically sig-
nificant, that variable was eliminated from
the model. The geometric mean of carnings,
rather than the arithmetic mean, has been
used unless indicated otherwise to be con-
sistent with the use oflog-linear regression.

To estimate average earnings if ali de-
formity were eliminated, the proportion
gainfully cmployed and their average carn-
ings werc estimated from the logistic and
log-linear regression equations, respective-
ly. To predict the effects of no deformity,
first each of the independent variables for
which disability was changed from its cur-
rent levei to zero (no deformity). Next, the
coefficient of each of the three deformity
variables (hands, feet, and eyes) was mul-
tiplied by the change in deformity levei for
that variablc. The three resulting products
were added. These changes raised the logis-
tic score by 1.56 units, thereby increasing
the probability of being gainfully cmployed
from 42.2% with deformity to 77.6% with
no deformity.

Similar calculations for levei of carnings
raised the natural logarithm of carnings by
0.774, thercby raising average earnings, giv-
en that one is gainfully employed, to Rs
6469. Together, these two estimates imply
that eliminating deformity would raise the
average earnings of a leprosy patient to Rs
5023 per year. Thus, the elimination of de-
formities would boost earnings to four times
their present levei of Rs 1259, an increase
of Rs 3764. The sensitivity analysis used to
examine the cffect of alternative specifica-

tions estimated annual earnings per leprosy
patient as a single linear equation of the
same independent variables used in the two
separate equations. That specification in-
dicated that climination ofdeformity would
boost earnings by Rs 2418 per average lep-
rosy patient per year.

The comparison of employment status
and earnings of leprosy paticnts and control
subjects in Table 5 reveals qualitatively
similar patterns. Overall, only 42.2% of the
leprosy patients were gainfully cmployed
compared to 65.5% of controls. Male lep-
rosy patients were 30% and female leprosy
patients 61% less likely to be gainfully em-
ployed than controls. Leprosy patients
earned 14% (male) to 38% (female) less per
day worked than controls of the same sex.
Among control subjects, males enjoyed a
modest advantage over females in employ-
ment and carnings; among leprosy patients,
males had a substantial advantage. Among
persons gainfully cmployed, leprosy pa-
tients worked about the same number of
days as control subjects.

For comparison with the regression re-
sults, the arithmetic average earnings of lep-
rosy patients in Table 5 is Rs 1852 per year
and that of control patients is Rs 3304. As
expected, the arithmetic average of leprosy
patients is higher than the regression esti-
mate based on the geometric mean. Earn-
ings of control patients were 1.7 times those
of leprosy patients for males, 4.0 times for
females, and 1.8 times for both sexes com-
bined.

Except for females, these relationships are
smaller than the fourfold ratio from the
regression results. Factors that could ex-
plain this finding include the following:
earnings of control subjects were standard-
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TABLE 5.^Employrnent and average earnings of leprosy patients and controls.

Leprosy patients Controls Ratio:
Con./lepr.

Males
Gainfully employed (%) 54.6 78.2 1.4
Annual days worked if gainfully cmployed 273 286 1.0
Earnings per day worked (Rs) 8.9 10.4 1.2
Estimated annual earnings (Rs)" 2629 4594 1.7

Females
Gainfully employed (%) 14.2 36.8 2.6
Annual days workcd if gainfully employed 281 265 0.9
Earnings per day worked (Rs) 1.3 2.1 1.6
Estimated annual earnings (Rs) 101 400 4.0

Both''
Gainfully employed (%) 42.2 65.5 1.6
Annual days workcd if gainfully employed 275 280 1.0
Earnings per day worked (Rs) 6.6 7.8 1.2
Estimated annual earnings (Rs) 1852 3304 1.8

Thcse arithmetic average earnings are 1.98 times the product of the preccding three rows due to positive
correlations among the variables in these three rows.

" Weighted averages of values for males and females standardiied for sex (69% male).

ized only for sex, but not for location,
schooling, and skills; stigma from leprosy
might affect relatives of leprosy patients and
depress their earnings; the need to care for
a family member with leprosy may reduce
the earnings ofcontrol subjects; patterns be-
twcen arithmetic means may differ from
those betwcen gcometric means.

The validity of these survey results and
projections is supported by their consisten-
cy with patterns in the International Labor
Office (ILO) data ( 4). ILO data for India for
1985 show that females had higher unem-
ployment rates than males (51% vs 43%),
and that females worked disproportionately
in the two lowest wage industries (agricul-
tura and services). The absolute rates in this
study are not comparable with ILO data,
however, because of numerous differences
in definitions and scope of the data.

To extrapolate the regression results to a
national levei for India, it was noted that
the country rcported 3,225,302 registered
leprosy cases in 1985. The number of lep-
rosy patients with some deformity is esti-
mated at 20% of this nurinber, or 645,000.
Thus, the income gain from eliminating de-
formity in ali registered deformed leprosy
patients would be Rs 2.43 billion (645,000
times Rs 3764).

The gain in India's gross national product
(GNP) is less than the income gain because

of substantial unemployment and under-
employment. The shadow wage rate to the
market wage rate approximates the net in-
crease in GNP from one unit of labor. Lal
( 7) estimated the ratio of shadow-to-market
wages for ali urban arcas in India as 0.62.
For rural arcas, where these ratios were de-
rived by state (and reported only for males),
the median value was 0.94. Thcse ratios
were weighted by the expected aggregate in-
comes of the 225 rural and 325 urban lep-
rosy patients if their deformity were elim-
inated to yield a weighted average ratio of
0.66. Thus, the increase in India's GNP
would be Rs 1.61 billion. At the 1985 ex-
change rate of US$1 equals Rs 12.33 ( 5 ),
this amount is equivalent to about US$130
million.

DISCUSSION
As an indication of the magnitude of the

$130 million gain to the Indian economy
from eliminating deformity, this amount is
one-eleventh of India's entire official de-
vclopment assistance for ali purposes from
ali sources in 1985 ($1,470 million) ("). Our
extrapolation to ali of India provides an or-
der-of-magnitude estimate of productivity
losses from leprosy. If additional data were
available, this estimate could be refined by
including the foliowing factors: a) Defor-
mity due to unreported cases of leprosy.
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Available data generally cover only patients
who have been under treatment. Deformi-
ties and disabilities may progress bcyond
the completion of trcatment, or in patients
who werc nevcr registercd. b) Losses from
premature mortality. c) Thc national mix
of lcprosy patients between urban and rural
arcas. This analysis used the proportions in
the samplc (59% urban) and a conservative
aggregation through gcometric means. d)
Currcnt and potential carnings of lcprosy
paticnts in oiher paris of India. Although
the prevalence of lcprosy in Tamil Nadu is
higher than in India as a whole, there was
no reason to expect the distribution of se-
verity not to be representative.

The productivity loss estimated in this
study is termed an indirect cost of illncss.
The direct cost of an illncss refcrs to the
costs of medicai care to control or treat the
illncss, whethcr paid by the patients or so-
ciety. While direct costs have not been as-
sessed systematically, Wardcker (") found
that the development of deformity is re-
sponsible for increased use of medicai caro.
Thus, deformity in leprosy adds not only to
indirect costs but to direct costs as well.

While the desirability of controlling de-
formity is undeniable, the epidemiology of
dcformity is not yet well understood. Some
studies suggest that very regular attendance
at clinics ( 3 . 10 ) and extended regular use of
dapsonc may be associated with increased
deformity ( 2 '). The World Health Orga-
nization now recommends multidrug ther-
apy (MDT) (which combines dapsone with
bactericida) agents), but its long-term safety
and efficacy has not as yet been thoroughly
tested ( 12 ).

Srinivasan and Noordeen ( 10) indicated
the need for a prospectivo longitudinal study
of the epidemiology ofdeformity in leprosy.
The substantial productivity loss calculated
here underscores this need. The proposed
study should compare a program of MDT,
physiotherapy, and careful monitoring of
patients to prevent deformity against con-
ventional therapy. While such trcatment
protocols may be costly to implement, the
results of this study suggest that failure to
control deformity may be even more costly.

SUMMARY
The productivity loss in India due to de-

formity from leprosy was assessed in a ran-

dom sample of 550 leprosy patients from a
rural and an urban arca in the state of Tamil
Nadu. Logistic and log-linear regression
analyses on these leprosy patients showed
that elimination ofdeformity would: a) raise
the probability ofgainful cmployment from
42.2% to 77.6%; b) increase annual earnings
per patient gainfully employed from Rs 2948
to Rs 6469; and c) raise overall earnings for
ali patients from Rs 1259 to Rs 5023 per
year. The earnings of 550 control subjects
(adult family members of the lcprosy pa-
tients) were consistent with these predic-
tions. Extrapolation to ali of India's esti-
mated 645,000 leprosy patients with
deformity suggests that elimination of de-
formity would raise productivity by $130
million per year. The authors conclude that
the development and evaluation of pro-
granis to climinate deformity from leprosy
deserve high priority.

RESUMEN
Se calculó la pérdida de la productividad en Ia India

debida a Ia deformidad causada por la lepra en base
al estudio de una muestra al azar de 550 pacientes de
una área rural y una urbana dei estado de Tamil Nadu.
Los análisis logisticos y de rcgresión log-lineal en estos
pacientes Ilevaron a concluir que la eliminación de la
deformidad: (a) podria elevar la probabilidad de em-
pico remunerado dcl 42.2 al 77.6%, (b) aumentaria el
ingreso anual per capita de los pacientes de 1259 rupias
a 5023 rugias. Los ingresos dc 550 sujetos control
(adultos convivientes dc los pacientes con lepra) fueron
consistentes con estas predicciones. Extrapolando estas
consideraciones a los 645,000 pacientes con defor-
maciones estimados en la India, se calcula que la cli-
minación de la deformidad elevaria la productividad
en 130 millones de dólares al afio. Los autores conclu-
ycn que cl desarroilo y la evaluación de un programa
para eliminar la deformidad de la lepra es de alta prio-
ridad.

RESUME
La perle de productivité qu'entraïne en Inde les in-

validités dues à la lèpre a été évaluée dans un échan-
tillonnage pris au hasard de 550 malades de la Iépre,
provenant de régions rurales et urbaines dans I'état du
Tamil Nadu. Des analyses de régressions logistique et
linéaire logarithmique menées sur ces malades ont
montré que l'climination des invalidités entrainerait
les résultats suivants: (a) elle augmcnterait la proba-
bilité d'un emploi rénuméré, de 42,2% à 77,6%; (b)
elle accroitrait les revenus annuels par malades rénu-
mérés de 2948 roupies à 6469 roupies; (c) elle porterait
les gains annuels giobaux de 1259 roupies à 5023 rou-
pies par an. Les revenus des 550 sujcts-témoins
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(memores adultos de la famille dos maladcs) corres-

pondaient à ces prédictions. Une extrapolation de ces

résultats à I'cnscmble dos 645.000 maladcs dont on

estime qu'ils sons invalides en Indo, suggère que I'éli-

mination cies invalidités augmenterait la productivité

de 130 millionsdedollars par an. Lesauteursconcluem

que la mise en oeuvre et 1'ésaluation de programmes

destinés à élimincr les invalidités dans la lèpre méritent

une haute priorité.
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