
SUPPLEMENTAL INFORMATION

DETAILED METHODS AND SOURCES

This supplement provides detailed information on the
sources used to determine parameter values and the method
of calculating the results for our modeling of the economic
cost of lymphedema and acute dermatolymphangioadenitis
(ADLA) in an area with endemic lymphatic filariasis (LF).
Efficacy of lymphedema management. Numerous studies

have provided evidence of the efficacy of simple programs of
limb care in stopping or reversing progression of lymphedema
and reducing the number of episodes of ADLA. Many
successful lymphedema management programs have been
community-based educational campaigns. The World Health
Organization explained the rationale for community-based
efforts, saying “the social model views disability as a matter
of an individual’s full integration into society and prescribes
social action to make the environmental modifications neces-
sary for the full participation of people with disabilities in all
areas of social life.”1

In Egypt, 2 years after instruction in limb washing and
application of antifungals and antibacterial ointments to
small wounds, participants reported a 57% reduction in
ADLA episodes per year.2 In Nigeria, under community-
based care, 90% fewer patients experienced two episodes of
ADLA per month after 12 months of treatment.3 In Burkina
Faso, after 4½ months of a leg-hygiene program, the percent-
age of patients experiencing an ADLA episode in the pre-
vious month was reduced by half.4 A community program of
home-based care in Sri Lanka found that the number of
persons experiencing one or more ADLA episodes decreased
by 64% (Table 3)5 and 66% perceived reduced lymphedema
after 1 year.5

Most community-based lymphedema management programs
for filariasis reported in the literature have been in India. In
Kerala, 1-day health camps to teach leg washing and care of
bacterial entry points were followed up after 6 months by
questionnaires on disease symptoms (redness, swelling, odor,
wound, and fever) and quality of life. Almost all participants
(96%) reported reduced symptoms after following the
hygiene regimen.6 Also in Kerala, placebo-controlled trials
examined the efficacy of different treatments for reducing
ADLA that included diethylcarbamazine (DEC) and either
ivermectin or penicillin. Participants in all arms were enrolled
in a comprehensive foot-care program.7,8 Improved foot care
was found to be an effective treatment even for those who
received no medication. A follow-up study in which visits
were carried out a year or more later, with no additional
interventions, found a 72.5% reduction in the frequency of
ADLA, confirming the lasting efficacy of education efforts
to reduce morbidity.9

In Tamil Nadu, in a trial of three drugs to prevent ADLA,
all arms of the trial practiced limb hygiene. Even the control
group, practicing only leg washing, had reduced incidence
of ADLA in the treatment year and beyond.10 In two
LF-endemic districts in Kerala and Karnataka States, patients
with grade II and III lymphedema (of grades I–IV) were
trained in limb hygiene in LF camps and evaluated 3 months
later. In Kerala, 25% fewer patients had episodes of ADLA,
and in Karnataka, 73% fewer patients had ADLA episodes11

(see also Ref. 12).

In addition to community-based educational programs, a
few lymphedema management programs have been based in
clinics. In Haiti, one such program emphasizing self-care,
especially washing of the legs, was associated with a 69%
reduction in ADLA episodes for all participants and reduction
in leg volume for participants with stage 2 lymphedema.13 In
another study in Haiti, it was found that washing affected
legs with soap was associated with a reduction of ADLA epi-
sodes from 1.1 to 0.4 per person-year, a 64% reduction, over
the 12-month study.14 In contrast, a clinic-based program in
Togo led to a small, but statistically insignificant, decline in
the number of ADLA episodes and a statistically significant
increase in the number of patients whose lymphedema
prevented them from washing or getting out of bed.15

A recent systematic review and meta-analysis concluded
that the “available evidence strongly supports the effectiveness
of hygiene-based lymphedema management in LF-endemic
areas” for the prevention of ADLA.16 Their meta-analysis
found that participation in such programs was associated
with decreased percentage of patients reporting at least one
episode of ADLA (odds ratio [OR] = 0.29, 95% confidence
interval [CI] = 0.12–0.47) and lower incidence of ADLA
(OR = 0.32, 95% CI = 0.25–0.40).16

Some studies suggest that mass drug administration (MDA)
can reduce lymphedema and frequency of ADLA in persons
already infected,17–26 but other studies do not.10,27–29 Conse-
quently, available evidence does not warrant incorporating in
the model any effect of MDA on lymphedema and ADLA.
The results of the Khurda community-based limb-care pro-

gram are in line with the results discussed above. We based
our parameters—halting progression of lymphedema and
one-third reduction in ADLA episodes—on the literature
above and the outcomes of the Khurda interventions.30,31

Clinical data. The objective of the study is to assess the
economic effect of a morbidity management and disability
prevention program that changes the age distribution of
lymphedema and ADLA in a population over time. We derive
the age distribution of morbidity from a census of house-
holds conducted in 2005 in Khurda District, Odisha State,
India, by 40 Indian nongovernmental organizations. The cen-
sus recorded age, gender, lymphedema stage, and number of
ADLA episodes in the previous year. The data we used were
stripped of personal identifiers and were thus anonymous.
Consequently, no ethical clearance was warranted. We used
Microsoft Excel (Microsoft Corporation, Redmond, WA).
The census generated a list of 21,496 persons. We elimi-

nated cases with no data and those with no lower-limb lymph-
edema, and 17,036 respondents remained in the dataset.
Gender and age distribution of morbidity. From the

Khurda morbidity census data we generated the gender and
age distribution of persons with lymphedema. As shown in
Supplemental Table 1, there is only a small gender difference
in the number of ADLA episodes, as others have found32,33

(for contrary findings, see Refs. 34, 35).
As shown in Supplemental Table 2, there were only small

differences in lymphedema stage between females and males.
The “average stage” was slightly higher for females than males
(2.14 versus 2.06). (Average stage is in quotation marks in the
previous sentence since stage is an ordinal, not a cardinal, vari-
able.) Men were more likely to be in stage 1 lymphedema than
women, and women were more likely to be in stages 2 and 3
than men. There was more gender balance at higher stages.



Start date. CASA scale-up of the lymphedema manage-
ment program was carried out between mid-2007 and mid-
2010, with the largest number of people enrolled in 2008–
2009.36 We took mid-2008 to mid-2009 as our start date and
calculated real wages and out-of-pocket medical costs from
that time.
Age cohorts. Age was reported as ending in 0 or 5 for

72% of respondents, rather than the approximately 20% that
one would expect. Accordingly, we grouped people in 5-year
cohorts: 18- to 22-year-olds belong to the 20-year cohort,
23- to 27-year-olds belong to the 25-year cohort, and so on.
Age limits. The Khurda dataset included persons aged 3 to

99 years. We omitted the 18 children from 3 to 7 years of
age because of small numbers, uncertainty of the cause of
their reported lymphedema and ADLA, and the expected
effect of cleared infection from their having experienced
multiple rounds of MDA at a very young age.18 Ultrasono-
graphic and histological evidence shows lymphatic vessel
damage in infected children long before the typical age at
which lymphedema may become evident, generally around
the age of 20 years.37,38 In India and other endemic coun-
tries, there are reported cases of children in filaria-endemic
zones with lymphedema thought to be of filarial origin.39

Among respondents in the dataset, 1.3% were under the age
of 18 years.
We assumed that those in the 10- and 15-year cohorts

would incur out-of-pocket costs for lymphedema and ADLA
from the beginning of the period calculated. The Indian
Bureau of Labour does not include children under 15 years
in the labor force, and we do not include these two cohorts
in the lost earnings calculations until they reach the 20-year
cohort (minimum age of 18 years). There is no maximum
age listed for labor force participation in the Indian govern-
ment labor statistics, but we calculated only up to the 70-year
cohort (with 72 years as the maximum age) because of the
sharp decline in respondents older than 72 years, Indian life
expectancy of 66 years (http://data.worldbank.org/indicator/
SP.DYN.LE00.IN), and decreased labor force participation.
We calculated economic cost for the 15,853 people aged 8–
72 years.

Women’s labor force participation. We assigned economic
loss to the disability of patients whether or not they were in
the paid labor force. Specifically, women whose only or pri-
mary occupation is to prepare food, care for children or the
sick and elderly, and other domestic activities are necessary
for the household and the community to function as economic
entities. We assign the same number of work days lost to men
and women and the same average wage to each work day lost
by either gender.
Out-of-pocket costs of medical treatment of ADLA per

episode. We calibrated our model based on a study in
Khurda District in 2000–2001 by Babu and Nayak (Table 1)40

who reported that ADLA patients who sought medical care
paid (Indian rupees) 92.3 on average (arithmetic mean) per
episode of ADLA, which was equal to US$2.04. (For this
amount and all other costs reported in rupees, we convert to
U.S. dollars for the appropriate dates using the OANDA
online currency converter at http://www.oanda.com/currency/
historical-rates/).
Babu and Nayak’s estimated cost of US$2.04 per episode

in Khurda is somewhat higher than reported in earlier stud-
ies in other regions of India. Nanda and Krishnamoorthy
(p. 57)41 reported per-episode treatment costs averaging
US$0.46. From the data given in Table 2 in the work of
Ramaiah and others,42 one can calculate the arithmetic mean
of per-episode spending on ADLA, which is US$0.61. Other
studies provide estimates of annual spending on ADLA, not
per-episode costs. Krishnamoorthy43 reported spending of
US$0.69 to US$3.00. In Tamil Nadu, Ramaiah and others
(Table 2)44 estimated the number of ADLA episodes and
total spending by patients on ADLA in India. From those
estimates, one can calculate the annual per-person (but not
per-episode) cost of ADLA: US$1.01 for men and US$0.77
for women. We do not consider reported costs of treating
ADLA in other countries.45–47

Annual out-of-pocket costs of medical treatment of
lymphedema patients. We calibrated our model based on a
study in Khurda District by Babu and others (p. 34)48 who
found that the average male lymphedema patient spent 576
annually and the average female spent 425, the weighted

SUPPLEMENTAL TABLE 1
Number of ADLA episodes in previous year by gender in Khurda census, 2005

Gender Number of respondents

Percentage of females and males having ADLA episodes in 1 year
Average number

of ADLA episodes0 episode 1 episode 2 episodes 3 episodes Total

Female 8,746 16.8 68.8 8.1 6.2 100.0 1.04
Male 8,290 15.3 69.8 8.4 6.6 100.0 1.06
Total 17,036 16.1 69.3 8.2 6.4 100.0 1.05

ADLA = acute dermatolymphangioadenitis.

SUPPLEMENTAL TABLE 2
Stage of lymphedema by gender in Khurda census, 2005

Gender Number of respondents

Percentage of females and males at each stage of lymphedema

Average stage

Stage of lymphedema

1 2 3 4 5 6 7 Total

Female 8,746 34.6 31.3 24.8 6.3 1.7 0.9 0.5 100.0 2.14
Male 8,290 43.4 25.7 19.6 7.2 1.8 1.5 0.9 100.0 2.06
Total 17,036 38.9 28.6 22.3 6.7 1.7 1.2 0.7 100.0 2.10



average of which was 478, or US$10.96. The reported aver-
ages are geometric means, which are lower than arithmetic
means. Even though the geometric mean for some purposes
may offer a better sense of the central tendency of a highly
skewed distribution, the appropriate mean for our modeling is
the arithmetic mean since we estimated spending on medical
services by all lymphedema patients. The estimate based on geo-
metric mean thus understates the cost of treatment and generates
a more conservative estimate of the benefits of the intervention.
Estimates of treatment costs for chronic lymphedema in

other locales and at other times are lower. Nanda and
Krishnamoorthy (p. 57)41 reported per-visit treatment costs
in south India averaging US$0.56 but did not report annual
number of visits. Ramaiah and others (p. 21)49 found that the
geometric mean of annual spending on medical care for
lymphedema patients in south India in 1993–1994 was 76 or
US$2.42. Ramaiah and others (Table 2)44 found annual treat-
ment costs of chronic lymphedema (and hydrocele) to be
US 2.25 and US$1.88 for men and women, respectively, in
India as a whole.
Annual real increase in out-of-pocket treatment costs. We

assumed that the demand for medical services will grow as
household income rises (demand is income elastic). More-
over, since labor is a chief input into medical care provision,
the cost of medical services will also rise as real wages rise.
We assumed that the rate of growth in real (adjusted for
inflation) expenditure on medical services will be the same
as the rate of growth in real wages.
Average daily wage. The wage is useful for estimating the

impact on individuals and their families, as well as the impact
of their reduced spending in the community. It would also be
desirable to measure the lost productivity for society that
morbidity and disability entail. For that purpose, the wage is
an imperfect proxy since it may not accurately measure the
contribution of workers to output, nor the loss of their con-
tribution to society. We estimated the average daily wage of
unskilled, mostly agricultural workers, who comprise almost
all (98%)36 of the people in our dataset and are also represen-
tative of the population across India affected by lymphedema
and ADLA. We calculated the average daily wage in rural
occupations in Odisha State during the crop year July 2008
through June 2009. To determine the average daily wage,
we used data from Wage Rates in Rural India 2008–2009
(Tables 3a–14b),50 which gives average wages for men and
women for every month reported separately for ploughing,
sowing, weeding, transplanting, harvesting, winnowing, threshing,
picking, herding, and unskilled nonagricultural labor. We took
the unweighted (the number of workers in each occupation is
not given) average of wages in those 10 occupations averaged
over 12 months of the crop year. Finally, we averaged men’s
and women’s wages, weighted by their relative presence in the
Khurda census, which was 48.7% male.
Annual increase in real daily wage. Between 2006–2007

and 2011–2012, real GDP in India grew 7.9% annually and
real rural wages grew 6.8% (p. 12)51 (see also Refs. 52–54).
Since 2003, real GDP growth exceeded 9% in 4 years and
7% in 8 years. The OECD projects 6.1% growth of real
GDP in India in 2016, gradually trending downward to about
4.6% annually by 2040.55 Between 2007 and 2011, Odisha
had the most rapid growth in rural wages in India (p. 189).54

Indian economists report the following forces pushing up rural
wages: rapid growth in GDP, a shrinking share of agriculture

in GDP, growth of nonagricultural economic activity in rural
areas, and rapid urbanization due to rapid growth in urban
employment, causing a growing gap between urban and rural
wages and fostering rural labor shortages, growing mechaniza-
tion, and growing demand for skilled agricultural workers.
Other factors include increasing integration of labor markets
across states and national and state government policies that
promote growth in rural wage rates, especially the Mahatma
Gandhi National Rural Employment Guarantee Act, which
has boosted rural wages since 2006 by guaranteeing employ-
ment of at least 100 days/year for low-income workers.51–54

All of that suggests that rural wage growth could easily reach
4% annually over the coming decades. Accordingly, we set
our baseline prediction of real rural wage growth at 4%. The
recent rapid growth in real rural wages may be a harbinger of
even more rapid growth in wages over the coming decades.
Our sensitivity analysis, therefore, explores the possibility that
real rural wages in India could grow as rapidly as 5% annually
over the coming decades.
On the other hand, real farm wages in India grew at an

average annual rate of only 2.9% from 1990 to 2012.51 Fur-
thermore, between 2000 and 2006, real farm wages fell by
nearly 2% annually.51 Despite rapid wage growth in 2006–
2011, both Indian GDP growth and real rural wage growth
slowed sharply in 2012.56 Persistently weak economic perfor-
mance in Europe and the United States is currently a drag on
the Indian economy that could continue long into the future.
All of this could suggest that the baseline assumption of 4%
annual growth in real wages is too optimistic, so the sensitivity
analysis shows the effect on the economic cost of lymphedema
and ADLA if real rural wages continue the 2.9% pace set
between 1990 and 2012.
Days of work lost per year by people with chronic

lymphedema. Lymphedema can reduce one’s ability to engage
in productive work, and we measured that as days of work
lost. Several studies record reduced hours of labor per day,
reduced physical output, absenteeism, and coping by per-
forming less strenuous and lower paid jobs.44,48,49,57–59 We
estimated a composite figure to represent all of the ways that
morbidity reduces productivity and earnings. Lower produc-
tivity that reduces the wage rate is treated as a partial reduc-
tion in days worked and is subsumed into our measure of
days of work lost. To determine the days lost, first we found
the number of days a usually occupied rural laborer in
Odisha could expect to work in a year. We relied on data for
Odisha State from Table 4.1.1.1.1, Average Annual Number
of Days Not Worked by Usually Occupied Men Belonging to
All Classes of Rural Labour Households, from the Rural
Labour Enquiry (61st Round of N.S.S.) 2004–05, Report on
Employment & Unemployment of Rural Labour Households
(Main Report), published by the Labour Bureau of the Gov-
ernment of India.60 The report indicates that men in rural
areas of Odisha State did not work an average of 76 days
during the crop year 2005–2006 because no work was avail-
able or they were not available for work (since they were,
for example, students, pensioners, or disabled). Conse-
quently, usually occupied men in rural Odisha worked an
average of 289 days per year. Many women are engaged fully
or partially in unpaid work. As indicated above, we assigned
women the same number of potential work days as men since
their work in the household is essential to the household and
community economy.



Although there are numerous estimates of lost work time
due to chronic lymphedema, none reports the degree of dis-
ability by stage of lymphedema, measured either as hours or
days of work (and thus lost wages) or reduced wage rates.
For the baseline calculations, we assumed that lymphedema
patients in stages 1 and 2 do not lose any work time due to
symptoms of lymphedema. We assume that lymphedema
patients in stages 5–7 cannot work, losing 289 days of pro-
ductive activity annually because of chronic lymphedema.
We further assumed that patients with stage 3 lymphedema
experience a 20% reduction in work time and patients with
stage 4 lymphedema experience a 50% reduction in work
time as a composite estimate of reduced hours, reduced inten-
sity of work, lower pay grade, and absenteeism. The Khurda
census allows us to compute the number of respondents in
each age cohort at each stage of lymphedema. We multiplied
that number by the average daily wage and summed over all
cohorts and all stages to determine the economic cost of
chronic lymphedema from lost earnings.
Our assumptions about degree of disability at each stage of

lymphedema were quite conservative. They produce an aver-
age of 32 lost work days annually for persons with chronic
lymphedema in stages 1–7. That is much lower than the loss
reported in the work of Ramaiah and others, who found that
in India as a whole those with lymphedema or hydrocele lost
51 days of work annually (Table 3).44 Several studies show that
lost work days for men with lymphedema or hydrocele are
about the same, so Ramaiah and others’ estimate is an appro-
priate indicator of lost work time for lymphedema.48,49,57,58

Our assumptions about lost work time at different stages
of lymphedema result in an 11.2% reduction in work time,
which is substantially lower than other studies have found.
Ramaiah and others (Table 4)49 indicate that lymphedema
patients worked 15.2% less than controls. Ramaiah and
others (Tables 3 and 4)58 reported that those with chronic
lymphedema worked 13.7% less than controls in paid work
and 13.0% less in unpaid domestic work. Babu and others
(Table 3)48 found males with lymphedema worked 15.4%
less than controls and women worked 23.5% less. Babu and
others (p. 714)57 measured a 20.2% drop in earnings for
weavers with lymphedema (8.0% from lower wages and
12.2% from fewer hours worked). Similarly, Ramu and
others (p. 670)59 found that male weavers with lymphedema
produced 27.4% less cloth than those with no lymphedema.
Our baseline assumption about productivity loss from lymph-
edema is thus lower than any other published estimate.

Accordingly, the sensitivity analysis determines the effect of
assuming greater disability among those with lymphedema
than in the baseline analysis, with work time loss as follows:
stage 1 = 0%, stage 2 = 10%, stage 3 = 25%, stage 4 = 50%,
stages 5–7 = 100%. These assumptions produce a 15.2%
average work time loss for all persons in the Khurda census
dataset (or 44 lost work days annually), which is just below
the mean of what other studies have found.
Average length of ADLA episodes/days of work lost from

ADLA. We calibrated our model based on the work of Babu
and Nayak (p. 1104)40 and Babu and others (Table 1)61 who
reported on a study in Khurda District that finds a mean
duration of ADLA episodes of approximately 4 days (3.93 days).
The length of ADLA episodes in adults has been reported in
numerous other studies.34,35,42,44,58,62–68 The range of reported
average duration of an ADLA episode is 3–8.6 days with a
mean duration of 4.86 days.
Discount rate. We used an annual discount rate of 3%, which

is the standard rate used for analyzing health interventions.69

Results of sensitivity analysis. We addressed uncertainty
about appropriate values for some of the parameters in our
modeling with sensitivity analysis. We projected a 4% annual
growth in real wages and a commensurate growth in out-of-
pocket spending for medical services associated with chronic
lymphedema and ADLA. As shown in Supplemental Table 3,
reducing predicted growth in the real wage to 2.9% (the aver-
age rate between 1990 and 2012) reduced the per-person
reduction in the economic cost of lymphedema and ADLA by
23%, from US$1,648 to US$1,263. In the last decade, rural
real wages in India and in Odisha have grown far faster than
2.9%, suggesting that a 5% annual growth in real wages is
within the realm of possibility. Modeling a 5% real wage
growth raised the per-person payoff of implementing a lymph-
edema management program by 29%, to US$2,119.
Our assumptions about the degree of disability caused by

lymphedema at different stages produced a loss in work time
of just over 11%. Other studies on the burdens of lymph-
edema have found a loss of work time between 13.0% and
23.5% with a mean of 15.6%48,49,58 (see also Refs. 57,59). Our
11.2% worktime loss may be appropriate, given that our data
were based on a census that sought to find every person in
the target districts with lower-limb lymphedema. Studies that
recruit participants who come to clinics as patients, for
example, may overrepresent individuals at higher stages of
lymphedema since those with early or mild lymphedema may
not seek health services. In case our estimates were too

SUPPLEMENTAL TABLE 3
Sensitivity testing: variations in wages, prices, and work time loss

Assumptions subject to sensitivity testing

Annual increase in real wages and real
out-of-pocket spending on medical services Loss of work time due to lymphedema

Baseline 4.0% 2.9% 5.0%
Baseline* work
time loss (11.2%)

Higher† work
time loss (15.2%)

Economic cost without lymphedema management (in millions of US$) 47.4 39.2 57.0 47.4 58.8
Economic cost with lymphedema management (in millions of US$) 21.3 19.2 23.5 21.3 27.1
Reduction in economic cost with lymphedema management

(in millions of US$)
26.1 20.0 33.6 26.1 31.7

Reduction in economic cost per person with lymphedema
management (in US$)

1,648 1,263 2,119 1,648 1,998

*Stages 1–2 = 0%; stage 3 = 20%; stage 4 = 50%; stages 5–7 = 100%.
†Stage 1 = 0%; stage 2 = 10%; stage 3 = 25%; stage 4 = 50%; stages 5–7 = 100%.



conservative, we reestimated our model to produce a 15.2%
total loss in work time, just below the mean work time loss
found in other research. Doing so raised the per-person
reduction in economic burden of lymphedema and ADLA by
21%, from US$1,648 to US$1,998, at 4% rate of growth of
real wages and costs and 3% discount rate. The comparison
of results with baseline parameters and sensitivity analysis is
shown in Supplemental Table 3.
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