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Abstract

This study presents a methodology for using tracer indicators to measure the effects of dis-

ease-specific programs on national health systems. The methodology is then used to ana-

lyze the effects of Bangladesh’s Lymphatic Filariasis Elimination Program, a disease-

specific program, on the health system. Using difference-in-differences models and second-

ary data from population-based household surveys, this study compares changes over time

in the utilization rates of eight essential health services and incidences of catastrophic health

expenditures between individuals and households, respectively, of lymphatic filariasis

hyper-endemic districts (treatment districts) and of hypo- and non-endemic districts (control

districts). Utilization of all health services increased from year 2000 to year 2014 for the

entire population but more so for the population living in treatment districts. However, when

the services were analyzed individually, the difference-in-differences between the two popu-

lations was insignificant. Disadvantaged populations (i.e., populations that lived in rural

areas, belonged to lower wealth quintiles, or did not attend school) were less likely to access

essential health services. After five years of program interventions, households in control

districts had a lower incidence of catastrophic health expenditures at several thresholds

measured using total household expenditures and total non-food expenditures as denomi-

nators. Using essential health service coverage rates as outcome measures, the Lymphatic

Filariasis Elimination Program cannot be said to have strengthened or weakened the health

system. We can also say that there is a positive association between the Lymphatic Filaria-

sis Elimination Program’s interventions and lowered incidence of catastrophic health

expenditures.
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University of Ceará, Fortaleza, Brazil, BRAZIL

Received: July 23, 2021

Accepted: October 10, 2021

Published: November 23, 2021

Peer Review History: PLOS recognizes the

benefits of transparency in the peer review

process; therefore, we enable the publication of

all of the content of peer review and author

responses alongside final, published articles. The

editorial history of this article is available here:

https://doi.org/10.1371/journal.pntd.0009894

Copyright: © 2021 Koporc et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

https://orcid.org/0000-0003-1925-6375
https://orcid.org/0000-0001-5438-9312
https://orcid.org/0000-0002-0019-5165
https://doi.org/10.1371/journal.pntd.0009894
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pntd.0009894&domain=pdf&date_stamp=2021-12-07
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pntd.0009894&domain=pdf&date_stamp=2021-12-07
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pntd.0009894&domain=pdf&date_stamp=2021-12-07
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pntd.0009894&domain=pdf&date_stamp=2021-12-07
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pntd.0009894&domain=pdf&date_stamp=2021-12-07
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pntd.0009894&domain=pdf&date_stamp=2021-12-07
https://doi.org/10.1371/journal.pntd.0009894
https://doi.org/10.1371/journal.pntd.0009894
https://doi.org/10.1371/journal.pntd.0009894
http://creativecommons.org/licenses/by/4.0/


Author summary

Evidence to understand the interactions between disease specific programs and the health

system is insufficient and largely based on opinion. This study presents a methodology for

using tracer indicators to measure the effect of a disease-specific program, the Bangladesh

Lymphatic Filariasis Elimination Program, on its health system. The Composite Coverage

Index and incidence of catastrophic health expenditures are well-established tracer indica-

tors for measuring the strength of a health system. In this study, they were calculated,

before the program started in 2000 and after it ended in 2015, using data from Demo-

graphic and Health Surveys and Household Income and Expenditure Surveys, respec-

tively. Using the Composite Coverage Index to measure the effects of the Lymphatic

Filariasis Elimination Program revealed that it did not negatively or positively affect health

service coverage rates. We can also say that there is a positive association between the pro-

gram interventions and lowered incidence of catastrophic health expenditures.

Introduction

The definition of Universal Health Care (UHC) is “a desired outcome of health system perfor-

mance, whereby all people who need health services (promotion, prevention, treatment, reha-

bilitation, and palliation) receive them without incurring financial hardship” [1]. UHC has

been described as the goal of health systems strengthening [2]. A health system can be

strengthened by increasing inputs and using appropriate strategies to enhance its functions,

which are service provision, governance, financing, health workforce development, health

information systems management, and supply chain management [3].

Disease-specific programs (DSP), including neglected tropical disease (NTD) programs,

have been criticized for their potential to distort and overburden health systems [4,5]. Cavalli

et al. conducted a district-level cross-sectional study to document positive and negative effects

on Mali’s health system. The most concerning result of the study was that the increased work-

load from mass drug administrations (MDAs) interfered with or interrupted routine care. The

study also brought attention to important issues regarding DSPs integration into the existing

health system, such as the need to: involve district health management teams in decision mak-

ing; ensure training is relevant and adequate; integrate parallel systems that develop as a result

of MDAs (e.g., workforce, drug supply chains, and health management information systems);

and limit unnecessary bureaucracy [6]. Other issues of concern include possible increases in

inequity because services may be more directed toward accessible populations to meet targets,

and the undermining of government authority due to siloed DSPs with conflicting objectives

[7,8].

Proponents of DSPs argue that the programs can be integrated in a way that provides maxi-

mum benefits to the health system [9–14]. However, according to the World Health Organiza-

tion (WHO), evidence to understand the interactions between DSPs and the health system is

insufficient, and the existence of both positive and negative associations suggests that the way

they interact is important [7,8].

This study contributes to the evidence by presenting a methodology for measuring the

effects of DSPs on national health systems. The methodology is then used to analyze the effects

of Bangladesh’s Lymphatic Filariasis Elimination Program (LFEP), an NTD program and a

DSP, on the health system. This study uses difference-in-differences (DID) models and sec-

ondary data from Demographic and Health Surveys (DHS) and Household Income and
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Expenditure Surveys (HIES) to measure two components of UHC, which are key goals of

health systems strengthening: access to essential healthcare services; and financial protection

against catastrophic health expenditures (CHE)[1,2].

In 2014, drawing upon indicators established for monitoring the Millennium Development

Goals, WHO and the World Bank (WB) established a list of tracer indicators to measure prog-

ress toward UHC. The list included a core set of indicators for measuring coverage with essen-

tial services, equity in coverage (e.g., gender and wealth quintiles), and financial protection

(e.g., the incidence of CHE and the incidence of impoverishment due to household out of

pocket medical payments (OOP)). The set of tracer indicators was updated in 2015 to include

indicators for noncommunicable diseases and diseases of the poor (e.g., NTDs) [15,16]. The

list of tracer indicators is presented in Table 1.

To understand the appropriateness of and relationships among the indicators studied, the

conceptual model (Fig 1) was adapted from the logic model developed by Boerma et al. [1]. It

Table 1. WHO and WB’s list of tracer indicators for measuring progress toward UHC.

Coverage Indicators Equity in Coverage Financial Protection

Promotion and Prevention Services Treatment Services

• Family planning coverage with modern

methods

• Antenatal care coverage

• Skilled birth attendance

• Diphtheria, tetanus and pertussis

immunization coverage among 1-year-olds

• Prevalence of no tobacco smoking in the past

30 days among adults� 15 years

• % of population using improved drinking

water sources

• % of population using improved sanitation

facilities

• Preventive chemotherapy coverage against

NTDs

• Antiretroviral

treatment

• Tuberculosis

treatment

• Hypertension

coverage

• Diabetes coverage

• Cataract surgical

coverage

• Wealth quintiles

• Location of residence

(rural or urban)

• Gender

• Percentage of population not spending more than 25% of non-

food expenditure

• Percentage of the population neither impoverished by out-of-

pocket payments nor pushed further into poverty by them

https://doi.org/10.1371/journal.pntd.0009894.t001

Fig 1. Conceptual Model–Logistic model for monitoring health system functions.

https://doi.org/10.1371/journal.pntd.0009894.g001
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illustrates how program inputs affect health system outputs (i.e., quality of health system func-

tions), which, in turn, affect the health system’s ability to generate outcomes (i.e., provide

health services). Ultimately, the health system outcomes have an impact on poverty and health

[1]. The inputs into the system include workforce training, donated medicines, and financial

and technical assistance, which strengthen functions and other services.

Regarding inputs of Bangladesh’s LFEP, albendazole and diethylcarbamazine citrate for the

MDA are donated by GalxoSmithKline and Eisai, respectively, for the MDA. The donation is

administered and monitored by WHO. In the context of NTDs, an MDA is the distribution of

medicine to 100% of the targeted population, once or twice a year, irrespective of an individu-

al’s disease status. Pregnant women, children aged less than two years, and the severely ill are

excluded from participating in MDAs. The drugs are distributed by trained community health

workers and teachers at the community level with oversight by ministry of health staff [17].

Other interventions include morbidity management and disability prevention (MMDP), vec-

tor control, reduction of environmental risk factors, disease surveillance, monitoring and eval-

uation (M&E) and information, education, and communication (IEC) activities [18].

The district is the implementation unit, which means the entire targeted population within

the district is treated if there is documented evidence of lymphatic filariasis (LF) at a specified

prevalence or level of intensity anywhere in the district. Districts are considered hyper-

endemic when the average resident population, or any subunit of the population, has an anti-

genemia or a microfilaremia positivity rate equal to or greater than 1% [19].

The outcomes measured are the Composite Coverage Index (CCI), each essential health

service tracer indicator (e.g., family planning, antenatal care, and immunization) that makes

up the index [20–23], and CHE incidence. These health services and CHE incidence are not

related to the LFEP, but they are used in this analysis because they are the tracer indicators

established by the WHO and the WB to measure progress toward UHC–an outcome of a

strong health system.

Methodology

This study measures the changes in health service coverage rates and CHE incidence in treat-

ment and control districts overtime and compares the differences in changes between the two

groups while controlling for social determinants of health (e.g., level of education, socio-eco-

nomic status, and residence (i.e., urban vs rural)).

Of Bangladesh’s 64 districts, 19 were LF hyper-endemic and targeted by the LFEP. MDAs

were implemented for at least five consecutive years between 2001 to 2015. By 2015, all 19

hyper-LF-endemic districts were declared LF free, and the MDAs were stopped. Coverage

rates for each MDA are presented in Table 2. Out of a total of 146 MDAs implemented over

the 15-year period, 14 (<10%) had no treatment data. Of the remaining 132 MDAs for which

there were treatment data, only two (<2%) did not reach the desired treatment WHO target of

65%. Other activities implemented by the LFEP include IEC, MMDP, M&E, and surveillance

[18,24].

The other 45 districts were not targeted because they were either hypo- or non-endemic

(Shamsuzzaman et al., 2017). They are the control districts. The independent variable of inter-

est is whether the district was targeted by the LFEP. It is a binary variable (yes/no).

Data

The CCI and health service coverage rates are calculated using DHS data provided by the DHS

program. CHEs are calculated using HIES data provided by the Bangladesh Bureau of

Statistics.
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DHS are population-based surveys that collect data for population, health, and nutrition

indicators. In Bangladesh, the surveys are conducted under the authority of the National Insti-

tute for Population Research and Training (NIPORT) of the Ministry of Health and Family

Welfare (MOH&FW).

The DHS design employs a two-stage sample design. In the first stage, primary sampling

units (PSU) are randomly selected from a master list maintained by the Bangladesh Bureau of

Statistics. A PSU is an enumeration area with an average of 120 households. Approximately a

third of the PSUs are from urban areas. In the second stage, an average of 30 households are

randomly selected from each PSU. The surveys are representative of the population at the

national and divisional levels and of urban and rural populations of each division. Details of

sample designs can be found in the final reports of each DHS [25–29].

Because the surveys are not representative of the populations at the district level, they do

not include an indicator to identify the district of each PSU. For this study, the district was

identified by plotting the global positioning system coordinates of the PSUs on a 2015 map of

district boundaries. This process was carried out for all five DHS using Quantum GIS, version

1.8.0-Lisboa [30,31]. The district boundaries have not changed since 1984 [32]. The unit of

analysis was the individual, a woman, aged 10 to 49 years, whose last-born child was five years

old or less at the time of each survey.

Table 2. MDA treatment coverage rates (%) by year (2001–16) and LF-endemic district.

LF-Endemic District ‘01 ‘02 ‘03 ‘04 ‘05 ‘06 ‘07 ‘08 ‘09 ‘10 ‘11 ‘12 ‘13 ‘14 ‘15 ‘16 Total MDAs

Barisal Division

Barguna 89� 90 ND 91� 95� 95� S 6

Barisal 91� 80 93� 80� 88� S 5

Jhalokati 88� 98� 91� 74� 77� S 5

Patuakhali 94� 94� ND 92� 87 97� S 6

Pirojpur ND 79 93� 92� 58� S 5

Khulna Division

Chuadanga ND 91� 85 96� 78� S 5

Kushtia ND 91� 86� 95� 96� S 5

Meherpur 71 73 ND 94� 88 91� S 7

Rajashahi Division

Chapainawabganj ND 91� 91� ND 91� 83 92� 89� 94� S 9

Pabna ND 92� 99� 92� 88� S 5

Rajashahi ND 89� 89� ND 80 82� 92� S 7

Sirajganj 94� ND 92� 80 93� 79� S 6

Rangpur Division

Dinajpur 93� 92� 93� ND 80 97� 88� S 7

Kurigram 76 92� 91� 72 70 87 92� 85� 79 87 S 10

Lalmonirhat 86 81 61 83 93 82 87 89 94� 94 94 91 S 12

Nilphamari 78 93� 67 80 72 82 92� 99� 93� 86 94 90 S 12

Panchagarh 93 83 82 75 95� 94� 84 86 92 95� 96 97 S 12

Rangpur 92� 93 81 94� 96� 90� 83 76 74 73 ND S 11

Thakurgaon 86 77 68 83 91 81 90� 87 91� 90 75 S 11

Source: Data are provided by the LFEP. These data are also reported in Shamsuzzaman et al., 2017

ND–No data

S–Stopped MDA

� Reported coverage rates (i.e., not verified via surveys)

https://doi.org/10.1371/journal.pntd.0009894.t002
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Data used to measure the incidence of CHE come from the HIES years 2000, 2005, and

2010. The HIES is implemented every five years by the Bangladesh Bureau of Statistics with

support from the WB. As the survey title implies, it collects data on household income, expen-

diture, and consumption. HIES also collect data on annual medical expenses at the household

level, including data on doctors’ fees, hospitalization and out-patient services, medicines,

maternity expenses, and health-related travel. In addition, HIES provide socio-demographic

data, such as housing conditions, education, employment, health, sanitation, water supply, and

electricity usage.

The HIES design also utilizes a two-stage stratified random sampling technique. Using the

2010 HIES as an example, 392 rural and 220 urban PSUs across 16 strata (six urban, six rural,

and four small metropolitan areas) were randomly selected during the first stage. Twenty house-

holds were then randomly selected from each PSU to participate in the survey [33]. The HIES

included 7,440 households in 2000, 10,080 households in 2005, and 12,240 households in 2010.

Health service coverage rates

Using nationally representative DHS and Multiple Indicator Cluster Surveys, Countdown

Equity Analysis Group (2008) produced a coverage gap index of eight essential health services.

This index came to be known as the CCI [34–36].

The CCI includes the following indicators:

• One indicator for family planning (FP): need for FP satisfied; or contraceptive prevalence

rate,

• Two indicators for maternal and newborn care: delivery assisted by a skilled birth attendant

(SBA) and antenatal care received (ANC),

• Three indicators for immunization: Measles (MSL), Diphtheria, Pertussis, Tetanus (DPT–

three doses), and bacille Calmette-Guerin (BCG) vaccinations,

• Two indicators for treatment of sick children: sought care for diarrhea (e.g., child given oral

rehydration therapy (ORT)) and/or acute respiratory infection (ARI).

S1 File provides the definitions of each indicator as defined by the DHS Program. Equal

weight is given to each indicator except for DPT because it requires three doses.

For this study, a CCI was calculated for each mother whose youngest child was born within

the past five years. Data are from DHSs carried out in Bangladesh in years 1999–00, 2004,

2007, 2011, and 2014. For women, whose children did not become ill with diarrhea and an

ARI within the previous two weeks of the DHS interview, the CCI was calculated with a

denominator of three instead of four.

CHE incidence

A widely accepted indicator used to measure the effect of household OOPs is CHE incidence.

The total annual household OOPs is the numerator, and three different denominators can be

used to measure CHE incidence: total income, total household expenditure (THE), and total

household nonfood expenditure (TNFE). Of the three denominators, O’Donnell et al. argue

that TNFE better distinguishes between the wealthier and the less well-off because most food

purchases are nondiscretionary and therefore, less sensitive to unplanned health expenses [37].

The economic burden borne by those of the upper wealth quintiles is proportionately

smaller because their capacity to pay is higher. Therefore, measuring CHE incidence has three

important limitations: it ignores the additional economic hardships due to lost earnings; it

ignores those households that cannot afford the health expense, forego treatment, and
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therefore, suffer greater loss than those incurring CHE; and it counts all households equally,

irrespective of whether the payments are made by the wealthy or less well-off [37].

This study measured CHE incidence using annual THE and annual TNFE as the denomi-

nators. The recall period for all inpatient and outpatient medical expenses was the 12 months

prior to the survey interview. OOPs of the last 12 months for all individuals in the household

were summed up and divided by the denominators. A range of thresholds was used in the

analysis: 5%, 10%, and 15% thresholds when THE is the denominator; and 20%, 25%, 30%,

and 40% thresholds when TNFE is the denominator. These thresholds are consistent with pub-

lished literature [37,38]. S2 File provides the methodology for calculating OOP, THE, and

TNFE [37,39]. The unit of analysis for this outcome variable is the household.

Control variables

One of the measures of a well-functioning health system is equity across different groups [18].

Therefore, the analysis includes the effects of living in rural areas, belonging to lower wealth

quintiles, and having less than a primary level education. These are the determinants used in

the literature [35,38,40]. Other control variables include employment and marital status.

Given the different levels of analysis (household vs. individual) and data available in the DHS

and HIES datasets, the control variables are different for each outcome variable. Also, categori-

cal variables were recoded to create binary variables (Table 3).

In this study, wealth quintiles, based on an index of household assets, are used instead of

income as a measure of standard of living because, in low-income countries like Bangladesh,

income is difficult to measure. For example, subsistence farmers may receive income intermit-

tently and/or may receive in-kind products or services for their crop. These quintiles are based

on a wealth index calculated using principal components analysis (PCA).

DHS collects data on several assets such as quality of housing, sanitation, ownership of

durable, and household goods to calculate the wealth index. The wealth index and wealth

Table 3. Control variables and reference categories for each outcome variable.

Categorical/Count Variables Binary Variables Reference Category Outcome Variable

Health service

coverage rate

Incidence of

CHE

Age of Mother 10–14 years, 15–19 years, 20–24 years, 25–29 years,

30–34 years, 35–39 years, and 40–44 years

45–49 years ✔

Employment status� Unemployed Employed ✔
Employment status† Employed Unemployed ✔
Gender Female Male ✔
Highest level of education

attained by head of household

Some primary, primary, some secondary,

secondary, and higher education

No education ✔

Highest level of education

attained by mother

No education, primary, and secondary Higher education ✔

Marital status of mother or head

of household

Married Not married (e.g., never married,

widowed, divorced, or separated)

✔ ✔

Number of chronically ill

household members

One member; two members; three or more

members

Zero members ✔

Number of household members Not applicable (count variable) ✔
Residence Rural Urban ✔ ✔
Wealth quintile 1st quintile, 2nd quintile, 4th quintile, 5th quintile 3rd quintile ✔ ✔

� The DHS defined employed as “whether the respondent is currently working.”

†The HIES defined employed as “working for a livelihood in the seven days prior to the survey.”

https://doi.org/10.1371/journal.pntd.0009894.t003

PLOS NEGLECTED TROPICAL DISEASES Assessing the effects of a disease-specific program on Bangladesh’s health system

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009894 November 23, 2021 7 / 21

https://doi.org/10.1371/journal.pntd.0009894.t003
https://doi.org/10.1371/journal.pntd.0009894


quintile for each survey respondent were included in the DHS survey data sets. The PCA func-

tion of Stata was used to create an asset index at the household level for each of the 16 strata of

the HIES. The separate asset indices account for the economic and cultural differences and the

urban and rural environments of each stratum. For example, livestock may contribute more to

an asset index of a rural household than an urban household, and the separate indices pro-

duced using PCA account for this difference. The asset index for this study includes housing

materials and features, access to water and sanitation facilities, livestock, and durable goods

(e.g., radio, refrigerator, and television)[37,41]. S2 File describes how CHE incidences were

calculated and provides a list of assets included in the index.

Study design

A DiD model was used to measure the effects of the LFEP on essential health service coverage

rates and CHE incidence. The study design accounts for other time-dependent trends by using

a control group (i.e., hypo- and non-LF-endemic districts) that is experiencing the same trends

but not the intervention [42,43].

Estimating equations

Three DiD equations were estimated for each outcome variable: a parsimonious specification;

a specification including control variables; and a specification including control variables and

district-level fixed-effects to control for the time-invariant characteristics of each district that

may bias the outcome (e.g., cultural norms, agro-ecological characteristics). The estimating

equations for health service coverage rates are presented below. Estimating equations for CHE

incidence and definitions of the terms are presented in S3 File.

Yit ¼ b0 þ b1Ti þ b2DiD Estimatorit þ b3Ended Treatmentit þ aYear Fixed

Effectst þ εit
Eq 1

Yit ¼ b0 þ b1Ti þ b2DiD Estimatorit þ b3Ended Treatmentit þ aYear Fixed

Effectst þ b45
th quintileit þ b54

th quintileit þ b62
nd quintileit þ b71

st quintileitþ

b8Ruralit þ b9No Educationit þ b10Primaryit þ b11Secondaryit þ b1215� 19

yearsit þ b1320� 24 yearsit þ b1425� 29 yearsit þ b1530� 34 yearsit þ b1635� 39

yearsit þ b1740� 44 yearsit þ b18Marriedit þ b19Unemployedit þ εit

Eq 2

Yijt ¼ b0 þ b1Ti þ b2DiD Estimatorit þ b3 Ended Treatmentit þ aYear Fixed

Effectst þ b45
th quintileit þ . . .þ b19Unemployedit þ gDistrict Fixed Effectsiþ

εijt

Eq 3

To account for the different MDA start and end dates of each treatment district (see

Table 1), the DiD Estimators in Eqs 1–3 are coded as the proportion of years that the

MDAs were implemented from one survey year to the next. For example, if MDAs were imple-

mented in a treatment district for only one of the four years between surveys, the DiD estima-

tor was 0.25. Otherwise, the DiD estimator was zero (0). Year Fixed Effectst, capture secular

changes in health service coverage rates across Bangladesh. An “ended treatment” term is

included to differentiate control districts from treatment districts no longer implementing

MDAs. To allow for serial correlation in outcomes within a district all standard errors are clus-

tered by district.
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Marginal effects (MFX) were calculated to investigate whether disadvantaged populations

are accessing essential health services or experiencing CHEs at the same rate as non-disadvan-

taged populations. Disadvantaged populations are individuals living in rural areas, with less

formal education, and of lower wealth quintiles. [35,38,40].

We also tested for heterogenous treatment effects between urban and rural populations and

between the upper two wealth quintiles and lower two wealth quintiles as the program may

have served to close health disparities along these socio-economic axes. We adapted our three

main specifications above by adding two terms: a control for being in the disadvantaged group

of interest (e.g., rural), and an interaction term between the DiD estimator and an indicator

for being in the disadvantaged group of interest. The coefficient of interest is on the latter term

and gives the differential impact of the program in the disadvantaged group. Eqs 6 and 9 are

the full models with the rural and wealth quintile interaction terms added, respectively. Eqs 4,

5, 7, and 8 for health service coverage rates and CHE are presented in S3 File.

Yijt ¼ b0 þ b1Ti þ b2 DiD Estimatorit þ b3 ðDiD Estimator � RuralÞit þ b4

Ruralit þ b5Ended Treatmentit þ aYear Fixed Effectsit þ . . .þ b20Unemployedit
þgDistrict Fixed Effectsi þ εijt

Eq 6

Yijt ¼ b0 þ b1Ti þ b2DiD Estimatorit þ b3ðDiD Estimator � Low wealth

quintilesÞit þ b4Low wealth quintilesit þ b5Ended Treatmentit þ aYear Fixed

Effectsit þ . . .þ b17Unemployedit þ gDistrict Fixed Effectsi þ εijt

Eq 9

We also tested a specification limited to a control group that may more closely resemble the

treated districts. For this check, we included only the 15 hypo-endemic districts along with the

treated districts. All analyses were conducted using Stata version 15.1.

Results

Health-seeking behaviors

For the individuals that reported being ill in the 30 days prior to the HIES interview, the most

common complaint for all survey years was fever (> 55%). The second most common com-

plaint was pain (>10%). Individuals in treatment districts were less likely to report being ill in

the baseline year but more likely to in the subsequent survey years. Individuals in treatment

districts were also more likely to report suffering from a chronic illness (p-value < 0.00). The

most common chronic illnesses across all groups and years were “gastric/ulcer” (> 25%),

“other” (> 15%), “arthritis/rheumatism” (> 12%). The HIES did not ask respondents if they

sought medical treatment for their chronic conditions.

Of those who reported being ill, more than 70% sought medical care. Individuals in control

districts were more likely to seek medical care (p-value < 0.00). The most common reasons for

not seeking medical care were that the illness was not considered serious or that it cost too

much. Only the 2010 HIES included concerns about quality of care as a reason for not seeking

treatment. Less than 1% of the survey population selected this reason for not seeking medical

treatment.

Effects of the LFEP on health service coverage rates

For both the treatment and control districts, Table 4 presents socio-demographic characteris-

tics, the CCI scores, and the coverage rates of each health service included in the CCI of

women whose last-born child was five years or less for the baseline DHS year 1999–2000.
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The Chi-Square Test p-values of all socio-demographic variables are significant (p-

value < 0.05), which means the two groups are statistically different from one another at the

time of the baseline survey. The survey population living in treatment districts are more likely

Table 4. Demographic characteristics and CCI of women with children 5 years or less by treatment and control districts for Bangladesh DHS, baseline year 1999–

2000.

Socio-demographic characteristics and tracer indicators of CCI Treatment n (%) Control n (%) p- value

Population surveyed—women with children < = 5 years (N) 1,485 (26.90) 4,035 (73.10)

Residence

Urban 363 (24.44) 1,130 (28.00) 0.008

Rural 1,122 (75.56) 2,911 (72.14)

Wealth index

First (lowest 20%) 323 (21.75) 883 (21.88) 0.000

Second 367 (24.71) 747 (18.51)

Third 313 (21.08) 733 (18.17)

Fourth 231 (15.56) 724 (17.94)

Fifth (highest 20%) 251 (16.90) 948 (23.49)

Education

No education 609 (41.01) 1,773 (43.94) 0.000

Primary 495 (33.33) 1,104 (27.36)

Secondary 321 (21.61) 935 (23.17)

Higher education 60 (4.04) 223 (5.53)

Age (years)

10–14 9 (0.61) 7 (0.17) 0.000

15–19 262 (17.64) 587 (14.32)

20–24 462 (31.11) 1,112 (27.56)

25–29 381 (25.66) 1,118 (27.71)

30–34 207 (13.94) 714 (17.70)

35–39 111 (7.47) 321 (8.05)

40–44 42 (2.83) 140 (3.47)

45–49 11 (0.74) 41 (1.02)

Marital status

Married 1,451 (97.71) 3,915 (97.03) 0.016

Widowed 21 (1.41) 41 (1.02)

Divorced 4 (0.27) 12 (0.30)

Separated 16 (0.29) 67 (1.66)

Employment status

Employed 295 (19.87) 707 (17.52) 0.045

Unemployed 1,190 (80.13) 3,328 (82.48)

Composite coverage index

Family planning needs met 1,144 (80.73) 2,987 (77.71) 0.018

Antenatal care by skilled provider 534 (40.06) 1,334 (36.03) 0.009

Delivery assisted by a skilled health professional 325 (24.36) 1,041 (28.12) 0.008

BCG immunization received 1,199 (90.35) 3,247 (88.14) 0.029

3 doses of DPT immunization received 921 (69.40) 2,532 (68.71) 0.640

Measles immunization received 901 (67.90) 2,500 (67.84) 0.971

Sought care for ARI (N = children with cough, fever, and rapid breathing in last 2 weeks) 229 (61.23) 776 (65.54) 0.129

Sought treatment for diarrhea (N = number of children with diarrhea in last 2 weeks) 35 (46.05) 172 (55.66) 0.132

CCI–population 60.21 60.93 0.001

CCI–mean of individuals 57.36 57.01

https://doi.org/10.1371/journal.pntd.0009894.t004
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to live in rural areas and belong to lower wealth quintiles. However, they are also more likely

to have completed at least primary education and to be employed. The results justify control-

ling for these variables in the estimating equations. Regarding outcome variables, the survey

population living in treatment districts were more likely to have their family planning needs

met, receive ANC, and have their children vaccinated against BCG. The coverage rates for the

other health services between the two groups were not statistically different (p-value > 0.05).

In 2000, the mean CCI score of the population living in treatment districts was 0.35 per-

centage point above the population living in control districts. This difference was significant

(p-value < .05). By 2014, the mean CCI score was 2.73 percentage points higher in treatment

districts than in control districts. Increases in coverage rates for all health services that make

up the CCI were higher in treatment districts except for BCG immunization. Fig 2 compares

the trends in CCI scores between the treatment and control districts.

However, the mean DiD between the control and treatment districts was not statistically

significant from zero (p-value > 0.05). For Eq 3, individuals living in treatment districts had a

CCI score that was 0.146 percentage point higher than individuals living in control districts.

Regarding disadvantaged populations, when compared to the reference category (Table 3),

individuals who were older or of lower wealth quintiles had less formal education, or were liv-

ing in rural areas had lower coverage rates. The results of the DiD analyses for the CCI score

and each essential health service are provided in S4 File.

Table 5 presents the essential health service coverage rate DiD estimator values for Eqs 3, 6,

and 9 for both the original (i.e., 15 hypo- and 30 non-endemic) and smaller (15 hypo-endemic)

control groups of districts. Eq 3 is the original full model with all control variables plus the dis-

trict fixed effects term. It is included in Table 5 to facilitate comparison. Eqs 6 and 9 are also

the full models and test for heterogeneous treatment effects between the rural and urban popu-

lations and between populations of lower and higher wealth quintiles, respectively, in treat-

ment districts. The results for both control groups are similar (i.e., results generally do not

switch from significant to non-significant or negative to positive and vice versa across models).

The models are robust to the different specification of a smaller control group. Rural and

lower wealth quintile populations are less likely than urban and wealthy populations,

Fig 2. CCI trends for treatment and control districts from 2000–14.

https://doi.org/10.1371/journal.pntd.0009894.g002
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Table 5. Summary of DiD analyses of health service coverage rates, including heterogeneous treatment effects using both control groups.

Control – 15 hypo-endemic plus 30 non-endemic

districts

Control – 15 hypo-endemic districts

Eq 3 Eq 6

Rural

Eq 9

LWQ

Eq 3 Eq 6

Rural

Eq 9

LWQ

CCI

DiD Estimator 0.00146

(0.00884)

-0.00120

(0.0114)

-0.000207

(0.00912)

0.00367

(0.0107)

0.0131

(0.0124)

0.00289

(0.0109)

DiD Estimator X Rural or DID Estimator X LWQ 0.00379

(0.0105)

0.00369

(0.0126)

-0.0136

(0.0119)

-0.000329

(0.0127)

FP needs satisfied

DiD Estimator 0.0104

(0.0164)

-0.0105

(0.0197)

0.00522

(0.0179)

0.0107

(0.0170)

0.00790

(0.0185)

0.00748

(0.0182)

DiD Estimator X Rural or DID Estimator X LWQ 0.0284+

(0.0156)

0.0196

(0.0172)

0.00392

(0.0149)

0.0120

(0.0164)

Antenatal care by skilled provider

DiD Estimator 0.00468

(0.0179)

0.0207

(0.0278)

0.00267

(0.0183)

0.00651

(0.0222)

0.0442

(0.0298)

0.00689

(0.0233)

DiD Estimator X Rural or DID Estimator X LWQ -0.0213

(0.0288)

-0.00267

(0.0242)

-0.0505+

(0.0284)

-0.00994

(0.0249)

Delivery assisted by an SBA

DiD Estimator 0.0250+

(0.0137)

0.0747���

(0.0217)

0.0353�

(0.0152)

0.00692

(0.0184)

0.0615�

(0.0291)

0.0168

(0.0201)

DiD Estimator X Rural or DID Estimator X LWQ -0.0745��

(0.0262)

-0.0539��

(0.0193)

-0.0828��

(0.0282)

-0.0524��

(0.0198)

BCG immunization

DiD Estimator 0.00586

(0.00991)

0.00253

(0.0110)

0.00478

(0.00950)

0.00740

(0.0104)

0.00611

(0.0118)

0.00750

(0.00981)

DiD Estimator X Rural or DID Estimator X LWQ 0.00450

(0.0128)

0.00243

(0.0129)

0.00177

(0.0135)

-0.000563

(0.0118)

3 doses of DPT immunization

DiD Estimator 0.00484

(0.0176)

-0.00568

(0.0180)

0.00459

(0.0182)

0.0106

(0.0223)

0.00767

(0.0226)

0.0124

(0.0224)

DiD Estimator X Rural or DID Estimator X LWQ 0.0146

(0.0193)

-0.00155

(0.0163)

0.00410

(0.0208)

-0.00792

(0.0162)

Measles immunization

DiD Estimator 0.00675

(0.0166)

0.0161

(0.0249)

-0.00434

(0.0181)

0.0130

(0.0207)

0.0268

(0.0289)

0.00314

(0.0215)

DiD Estimator X Rural or DID Estimator X LWQ -0.0130

(0.0251)

0.0425�

(0.0195)

-0.0194

(0.0264)

0.0398�

(0.0200)

Sought care for ARI

DiD Estimator -0.00688

(0.0267)

-0.000175

(0.0461)

-0.00452

(0.0273)

-0.0181

(0.0344)

-0.00208

(0.0524)

-0.0184

(0.0368)

DiD Estimator X Rural or DID Estimator X LWQ -0.00943

(0.0411)

-0.0236

(0.0319)

-0.0224

(0.0412)

-0.0230

(0.0325)

Sought treatment for diarrhea

DiD Estimator 0.0350

(0.0511)

-0.0410

(0.0665)

0.0383

(0.0560)

0.0504

(0.0680)

0.00157

(0.0782)

0.0567

(0.0712)

DiD Estimator X Rural or DID Estimator X LWQ 0.120

(0.0727)

-0.0227

(0.0580)

0.0783

(0.0771)

-0.0336

(0.0557)

+ p < .1

� p < .05

�� p<0.01

��� p<0.001 (Clustered standard errors in parentheses), LWQ – Lowest wealth quintiles

https://doi.org/10.1371/journal.pntd.0009894.t005
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respectively, to benefit from the treatment effect on delivery assisted by an SBA. Lower wealth

quintile populations were more likely than higher wealth quintile populations to have their

children immunized against measles.

Effects of the LFEP on CHE Incidence

Table 6 summarizes the socio-demographic characteristics of households in treatment and

control districts for baseline HIES year 2000. The Chi-Square Test p-values of all socio-demo-

graphic variables, except marital status, are significant (p-value < 0.05), which means the two

groups are statistically different from one another at the time of the baseline survey. House-

holds in the treatment districts were less likely to live in urban areas or to attain more than a

primary-level education. They were also more likely to have at least one chronically ill mem-

ber. Regarding outcome variables, households living in treatment districts were also more

likely to experience a CHE at all thresholds.

When THE is used as the denominator, households in both treatment and control districts

experienced downward trends in incidence of CHE between years 2000 and 2010. However,

when TNFE is used as the denominator, households in treatment districts experienced a

downward trend in incidence of CHE while households in control districts experienced a

slight uptick in incidence. Figs 3 and 4 illustrate these trends for the THE and TNFE denomi-

nators, respectively.

The DiD estimator was significant (the mean DiD between the control and treatment dis-

tricts was statistically significant from zero (p-value < 0.05)) in Eqs 1 and 2, and 3 for all

thresholds except for 5% THE and 20% TNFE; the lowest threshold for each denominator. For

examples, when using 10% of THE as a threshold, households of treatment districts were more

than 9.6 percentage points less likely to experience a CHE, and when using 25% of TNFE as a

threshold, the results were similar: households in treatment districts were more than 6.9 per-

centage points less likely to experience a CHE (see Eq 3 results in Table 7). S5 File presents the

results of DiD analyses for all three estimating equations for each CHE threshold.

Lower wealth quintile households were neither more likely nor less likely to experience a CHE

except at the threshold of 20% TNFE. Households in rural areas were less likely to experience a CHE

at the higher thresholds of 15% THE and 40% TNFE. Households with chronically ill members were

more likely to experience a CHE at the lower thresholds but less likely at the higher thresholds.

Table 7 presents the CHE incidence DiD estimator values for Eqs 3 and 6, and Eq 9. For Eq

3, the DiD estimators are similar in significance for both control groups. For Eq 6 and Eq 9,

the results were mixed across the thresholds. Rural households of treatment districts, when

compared to both groups of control districts, were not less likely to experience a CHE. How-

ever, none of the DiD estimator values were significant except at the 20% TNFE threshold of

the smaller control group. At the 5% THE threshold level, lower wealth quintile households in

the smaller control group were 4.34 percentage points less likely to experience a CHE. At the

larger thresholds, the DiD estimators for lower wealth quintile households when compared to

both control groups were insignificant.

Discussion

The results of this study add to the evidence of the effects of DSPs on health systems. It is one

of the few that focuses on an NTD program whereas most of the other studies on this topic

focus on HIV/AIDS, tuberculosis, or malaria programs. In addition, whereas previous studies

used cross-sectional surveys or observations in targeted districts to assess the effects of DSPs

[6,13,44], this study used data from several cross-sectional population-based surveys to com-

pare outcome tracer indicators of treatment and control districts.
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The CCI and incidence of CHE are well-established indicators for measuring the strength

of health systems and ultimately, progress toward UHC at the national level. This study

showed how the CCI and CHE incidence, calculated using data from DHS and HIES,

Table 6. Sociodemographic characteristics of and CHE incidence in households in treatment and control districts for Bangladesh HIES baseline year, 2000.

Household Characteristics Treatment n (%) Control n (%) p-value

Households (N) 2,021 (27.16) 5,419 (72.84)

Residence

Urban 598 (29.59) 1,799 (32.83) 0.008

Rural 1,432 (70.41) 3,640 (67.17)

Asset Index

First (Lowest 20%) 452 (22.38) 1041 (19.21) 0.007

Second 420 (20.79) 1,069 (19.73)

Third 394 (19.50) 1,093 (20.17)

Fourth 389 (19.26) 1,099 (20.28)

Fifth (Highest 20%) 365 (18.07) 1,117 (20.61)

HH Education level

No education 1,157 (57.25) 3,046 (56.21) 0.000

Primary 320 (15.83) 770 (14.21)

Secondary 412 (20.39) 1,079 (19.19)

Higher 132 (6.53) 524 (9.67)

HH Gender

Female 142 (7.03) 524 (9.67) 0.000

Male 1,879 (92.97) 4,895 (90.33)

HH marital status

Married 1,824 (90.25) 4,865 (89.78) 0.295

Never married 57 (2.82) 151 (2.79)

Widowed 129 (6.38 340 (6.27)

Divorced 3 (0.15) 16 (0.30)

Separated 8 (0.40) 47 (0.87)

Number of chronically ill HH members

0 907 (44.88) 2,712 (50.05) 0.000

1 657 (32.51) 1,613 (29.77)

2 332 (16.43) 776 (14.32)

>2 125 (6.18) 317 (5.85)

Median HH income and expenditures (Bangladesh Taka)

Income 36,000.00 47,908.00

Total expenditure 16,834.57 29,008.36

Nonfood expenditure 11,852.00 17,224.00

OOP medical expenses 530.00 800.00

CHE–OOP/THE

5% 913 (45.18) 2,047 (37.77) 0.000

10% 554 (27.41) 1,132 (20.89) 0.000

15% 410 (20.29) 815 (15.04) 0.000

CHE–OOP/TNFE

20% 393 (19.45) 802 (14.80) 0.000

25% 364 (18.01) 697 (12.86) 0.000

30% 331 (16.38) 632 (11.66) 0.000

40% 302 (14.94) 549 (10.13) 0.000

https://doi.org/10.1371/journal.pntd.0009894.t006
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respectively, can be used to quantify DSPs’ effects on health systems and equity in reaching dis-

advantaged populations at the district level. Similar surveys are implemented in other low- and

middle-income countries, and the data from these surveys are typically available to the public.

Therefore, this study can be easily replicated in other countries with minimal cost. Alternative

sources are data collected via District Health Information System-2, which are collected at

more frequent intervals. These data can be used to monitor the effect of a DSP soon after

implementation by measuring changes in service coverage.

Fig 3. Trends in incidence of households in treatment and control districts experiencing CHEs, using 10% of THE

as a threshold.

https://doi.org/10.1371/journal.pntd.0009894.g003

Fig 4. Trends in incidence of households in treatment and control districts experiencing CHEs, using 25% of

TNFE as a threshold.

https://doi.org/10.1371/journal.pntd.0009894.g004
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Using the CCI to measure the effects of the LFEP revealed that it did not negatively or posi-

tively affect health service coverage rates. CCI scores increased for both populations. However,

utilization of services did not necessarily increase for those of the lower wealth quintiles, that

had less formal education, or were living in rural areas. Using CHE incidence as an outcome

measure, it can be said that there is a positive association. After at least five years of LFEP inter-

ventions, households in treatment districts had a lower incidence of CHE at all thresholds

except 5% THE and 20% TNFE, which were the lowest thresholds for each denominator. One

Table 7. Summary of DiD analyses of incidence of CHE at all thresholds, including heterogeneous treatment effects using both control groups.

Control – 15 hypo-endemic plus 30 non-endemic

districts

Control – 15 hypo-endemic districts

Eq 3 Eq 6

Rural

Eq 9

LWQ

Eq 3 Eq 6

Rural

Eq 9

LWQ

5% THE

DiD Estimator -0.0687

(0.0446)

-0.0796+

(0.0411)

-0.0616

(0.0436)

-0.0921+

(0.0498)

-0.115��

(0.0431)

-0.0837+

(0.0490)

DiD Estimator X Rural or DID Estimator X LWQ 0.0173

(0.0253)

-0.0385+

(0.0206)

0.0359

(0.0280)

-0.0434�

(0.0202)

10% THE

DiD Estimator -0.0966��

(0.0343)

-0.102��

(0.0364)

-0.0927��

(0.0343)

-0.118��

(0.0433)

-0.131��

(0.0431)

-0.113��

(0.0433)

DiD Estimator X Rural or DID Estimator X LWQ 0.00860

(0.0293)

-0.0207

(0.0171)

0.0224

(0.0311)

-0.0262

(0.0172)

15% THE

DiD Estimator -0.0964��

(0.0326)

-0.109��

(0.0391)

-0.0958��

(0.0329)

-0.114��

(0.0417)

-0.133��

(0.0451)

-0.112��

(0.0418)

DiD Estimator X Rural or DID Estimator X LWQ 0.0211

(0.0318)

-0.00377

(0.0191)

0.0318

(0.0335)

-0.00876

(0.0195)

20% TNFE

DiD Estimator -0.0465

(0.0372)

-0.0748+

(0.0418)

-0.0441

(0.0368)

-0.0549

(0.0470)

-0.0947�

(0.0478)

-0.0516

(0.0470)

DiD Estimator X Rural or DID Estimator X LWQ 0.0438

(0.0273)

-0.0124

(0.0171)

0.0623�

(0.0283)

-0.0159

(0.0171)

25% TNFE

DiD Estimator -0.0692�

(0.0347)

-0.0990�

(0.0406)

-0.0697�

(0.0346)

-0.0783+

(0.0434)

-0.119��

(0.0459)

-0.0776+

(0.0435)

DiD Estimator X Rural or DID Estimator X LWQ 0.0461

(0.0292)

0.00150

(0.0167)

0.0633�

(0.0306)

-0.00258

(0.0167)

30% TNFE

DiD Estimator -0.0773�

(0.0339)

-0.109�

(0.0431)

-0.0815�

(0.0335)

-0.0868�

(0.0419)

-0.129��

(0.0473)

-0.0896�

(0.0417)

DiD Estimator X Rural or DID Estimator X LWQ 0.0490

(0.0317)

0.0178

(0.0152)

0.0659�

(0.0326)

0.0130

(0.0154)

40% TNFE

DiD Estimator -0.0798�

(0.0351)

-0.0975�

(0.0453)

-0.0840�

(0.0357)

-0.0911�

(0.0419)

-0.116�

(0.0487)

-0.0942�

(0.0425)

DiD Estimator X Rural or DID Estimator X LWQ 0.0287

(0.0319)

0.0171

(0.0161)

0.0416

(0.0330

0.0134

(0.0167)

+ p < .1

� p < .05

�� p<0.01

��� p<0.001 (Clustered standard errors in parentheses), LWQ – Lower wealth quintiles.

https://doi.org/10.1371/journal.pntd.0009894.t007
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possible reason for the increase in financial protection is positive interactions with health staff

during the LFEP interventions. Another possible reason is that the health staff may take the

opportunity to screen individuals for healthcare needs and make referrals, which in turn,

could decrease CHE incidence because individuals receive care before the condition progresses

and may be less likely to seek care from untrained practitioners. These reasons are speculation,

and more research is needed.

Interest in assessing the effect of OOPs has increased because financial protection from

CHEs is one of the underpinnings of UHC [45]. It is not surprising that there are already a

handful of recent publications that measure the incidence of CHE in Bangladesh, some using

the 2010 HIES. Studies using the HIES 2010 dataset explored the incidence of CHE at the

national level among households in the different wealth quintiles [23,38,46]. Results revealed

that rural households and households in the lower wealth quintiles experienced a higher con-

centration of CHEs. Results of this present study were different because wealth quintiles were

calculated using different methods, and MFX, not concentration indices, were used to com-

pare differences between the higher and lower wealth quintiles. Also, in this study, households

in the lower and upper wealth quintiles were compared to those of the middle quintile.

Results indicate that households with chronically ill members or households headed by

females had lower incidence of CHE. These results may be due to one of the limitations of

using CHE as an indicator to measure the effect of OOPs; methods used to calculate CHEs do

not take into consideration poorer households that forego treatment [37]. This conclusion

assumes that households with chronically ill members or headed by females are among the

lower wealth quintiles.

Individuals in treatment districts were more likely to report being ill in the 30 days prior to

the survey and more likely to seek treatment in 2010 than they were in 2000. More research is

needed to determine if the increase in self-reported illness and change in treatment-seeking

behaviors are the result of the LFEP.

The outcomes presented in this paper are different from those presented in Cavelli et al. [6].

It is plausible that the positive outcome reflects how well the LFEP was integrated into the

health system. However, standard definitions and measurements of integration are difficult to

establish, but best practices can continue to be documented [10–13].

Several limitations need to be considered.

1. Secondary data. The DHS and HIES are representative of populations living in urban and

rural areas and at the national and divisional levels. These surveys are not representative of

populations at the district level.

2. Parallel trends. The key assumption in the DiD study design is that treatment and control

groups experience similar growth in outcomes in the absence of treatment (parallel trends).

Unfortunately, we could not directly test this assumption as the districts of each PSU could

not be identified prior to the 1999–2000 DHS.

3. Bundled shocks. We did not have data on other DSPs like malaria and Kala-azar control

programs or the work of non-governmental or community-based organizations. If these

programs started in treatment districts at the same time as LFEP then we would mistakenly

have included the effects of these programs with our estimates of the impacts of LFEP. If,

however, these other projects were not coincident with LFEP in treatment districts then we

have estimated a lower bound of the impacts of LFEP as these programs may have had

some impacts in the control group.

4. Validity of measures. This study was not designed to prove the validity of the outcome mea-

sures (i.e., whether or not CCI and CHE incidence are valid indicators to measure the
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strength of a health system). These tracer indicators are established by WHO and WB and

widely used by researchers to measure the strength of health systems. The outcome variable,

CCI, is intended to compare large amounts of data from multiple secondary sources across

countries. It is simplistic. Regarding CHE, there are several limitations to using it to mea-

sure the impact of OOPs, which is why two separate measures with a range of thresholds

were used.

5. Omitted variables. The full regression model includes the control variables commonly pre-

sented in the literature. However, there are other variables that could be included in the

regression equations, such as other barriers to accessing healthcare (e.g., distance to clinic),

but they were not measured in the surveys. While our specification with district fixed effects

may capture their impacts if they do not change, our specification may be biased if there are

substantive changes in these factors over the study period.

6. Spillover effects. Effects of the LFEP may spillover to neighboring control districts. This will

bias our estimates of LFEP toward zero and make us less likely to detect an impact.

7. External validity. The purpose of the study is to assess the effects of LFEP on Bangladesh’s

health system. The results cannot be inferred to the effects of LFEPs and DSPs on health

systems of other countries. There are, however, several other countries where the methodol-

ogy presented in this study can be applied because LFEPs present natural experiments.

Supporting information

S1 File. Calculating the Composite Coverage Index.

(DOCX)

S2 File. Calculating incidence of catastrophic health expenditures.

(DOCX)

S3 File. Estimating equations.

(DOCX)

S4 File. Results of Essential Health Service Coverage Rates DiD Analyses.

(DOCX)

S5 File. Results of catastrophic health expenditure incidence DiD Analyses.

(DOCX)

Acknowledgments

Dr. Mujib Rahman and Dr. ASM Sultan Mahmood of the Lymphatic Filariasis Elimination

Program, Bangladesh Ministry of Health and Family Welfare, for providing treatment data,

photographs, and insight into the implementation of the LFEP.

Mr. Md. Karamat Ali of the Bangladesh Bureau of Statistics for his guidance and support in

accessing HIES data.

Author Contributions

Conceptualization: Kimberly M. Koporc.

Data curation: Kimberly M. Koporc.

Formal analysis: Kimberly M. Koporc.

PLOS NEGLECTED TROPICAL DISEASES Assessing the effects of a disease-specific program on Bangladesh’s health system

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009894 November 23, 2021 18 / 21

http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0009894.s001
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0009894.s002
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0009894.s003
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0009894.s004
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0009894.s005
https://doi.org/10.1371/journal.pntd.0009894


Investigation: Kimberly M. Koporc.

Methodology: Kimberly M. Koporc, David R. Hotchkiss, Charles F. Stoecker, Deborah A.

McFarland, Thomas Carton.

Supervision: David R. Hotchkiss, Charles F. Stoecker, Deborah A. McFarland, Thomas

Carton.

Validation: Kimberly M. Koporc.

Writing – original draft: Kimberly M. Koporc.

Writing – review & editing: David R. Hotchkiss, Charles F. Stoecker, Deborah A. McFarland,

Thomas Carton.

References
1. Boerma T, AbouZahr C, Evans D, Evans T. Monitoring intervention coverage in the context of universal

health coverage. PLoS Med. 2014; 11(9):e1001728. https://doi.org/10.1371/journal.pmed.1001728

PMID: 25243586

2. Kutzin J, Sparkes SP. Health systems strengthening, universal health coverage, health security and

resilience. Bull World Health Organ. 2016; 94(1):2. https://doi.org/10.2471/BLT.15.165050 PMID:

26769987

3. World Health Organization. Everybody’s business—strengthening health systems to improve health

outcomes: WHO’s framework for action. Geneva2007.

4. Travis P, Bennett S, Haines A, Pang T, Bhutta Z, Hyder AA, et al. Overcoming health-systems con-

straints to achieve the Millennium Development Goals. Lancet. 2004; 364(9437):900–6. https://doi.org/

10.1016/S0140-6736(04)16987-0 PMID: 15351199

5. Marchal B, Van Dormael M, Pirard M, Cavalli A, Kegels G, Polman K. Neglected tropical disease (NTD)

control in health systems: the interface between programmes and general health services. Acta Trop.

2011; 120 Suppl 1:S177–85. https://doi.org/10.1016/j.actatropica.2011.02.017 PMID: 21439930

6. Cavalli A, Bamba SI, Traore MN, Boelaert M, Coulibaly Y, Polman K, et al. Interactions between Global

Health Initiatives and country health systems: the case of a neglected tropical diseases control program

in Mali. PLoS Negl Trop Dis. 2010; 4(8):e798. https://doi.org/10.1371/journal.pntd.0000798 PMID:

20808908

7. Bennett S, Fairbank A. The system-wide effects of the Global Fund to fight AIDS, tuberculosis and

malaria: a conceptual framework. Technical Report No 031. Bethesda, MD: The Partners for Health

Reformplus Project, Abt Associates Inc.; 2003.

8. World Health Organization Maximizing Positive Synergies Collaborative G, Samb B, Evans T, Dybul M,

Atun R, Moatti JP, et al. An assessment of interactions between global health initiatives and country

health systems. Lancet. 2009; 373(9681):2137–69. https://doi.org/10.1016/S0140-6736(09)60919-3

PMID: 19541040

9. Melgaard B, Creese A, Aylward B, Olive JM, Maher C, Okwo-Bele JM, et al. Disease eradication and

health systems development. Bull World Health Organ. 1998; 76 Suppl 2:26–31. PMID: 10063670

10. Kabatereine NB, Malecela M, Lado M, Zaramba S, Amiel O, Kolaczinski JH. How to (or not to) integrate

vertical programmes for the control of major neglected tropical diseases in sub-Saharan Africa. PLoS

Negl Trop Dis. 2010; 4(6):e755. https://doi.org/10.1371/journal.pntd.0000755 PMID: 20614017

11. Gyapong JO, Gyapong M, Yellu N, Anakwah K, Amofah G, Bockarie M, et al. Integration of control of

neglected tropical diseases into health-care systems: challenges and opportunities. Lancet. 2010; 375

(9709):160–5. https://doi.org/10.1016/S0140-6736(09)61249-6 PMID: 20109893

12. Homeida M, Braide E, Elhassan E, Amazigo UV, Liese B, Benton B, et al. APOC’s strategy of commu-

nity-directed treatment with ivermectin (CDTI) and its potential for providing additional health services to

the poorest populations. African Programme for Onchocerciasis Control. Ann Trop Med Parasitol.

2002; 96 Suppl 1:S93–104.

13. Baker MC, McFarland DA, Gonzales M, Diaz MJ, Molyneux DH. The impact of integrating the elimina-

tion programme for lymphatic filariasis into primary health care in the Dominican Republic. Int J Health

Plann Manage. 2007; 22(4):337–52. https://doi.org/10.1002/hpm.900 PMID: 17729213

14. Molyneux DH, Malecela MN. Neglected tropical diseases and the millennium development goals: why

the "other diseases" matter: reality versus rhetoric. Parasit Vectors. 2011; 4:234. https://doi.org/10.

1186/1756-3305-4-234 PMID: 22166580

PLOS NEGLECTED TROPICAL DISEASES Assessing the effects of a disease-specific program on Bangladesh’s health system

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009894 November 23, 2021 19 / 21

https://doi.org/10.1371/journal.pmed.1001728
http://www.ncbi.nlm.nih.gov/pubmed/25243586
https://doi.org/10.2471/BLT.15.165050
http://www.ncbi.nlm.nih.gov/pubmed/26769987
https://doi.org/10.1016/S0140-6736%2804%2916987-0
https://doi.org/10.1016/S0140-6736%2804%2916987-0
http://www.ncbi.nlm.nih.gov/pubmed/15351199
https://doi.org/10.1016/j.actatropica.2011.02.017
http://www.ncbi.nlm.nih.gov/pubmed/21439930
https://doi.org/10.1371/journal.pntd.0000798
http://www.ncbi.nlm.nih.gov/pubmed/20808908
https://doi.org/10.1016/S0140-6736%2809%2960919-3
http://www.ncbi.nlm.nih.gov/pubmed/19541040
http://www.ncbi.nlm.nih.gov/pubmed/10063670
https://doi.org/10.1371/journal.pntd.0000755
http://www.ncbi.nlm.nih.gov/pubmed/20614017
https://doi.org/10.1016/S0140-6736%2809%2961249-6
http://www.ncbi.nlm.nih.gov/pubmed/20109893
https://doi.org/10.1002/hpm.900
http://www.ncbi.nlm.nih.gov/pubmed/17729213
https://doi.org/10.1186/1756-3305-4-234
https://doi.org/10.1186/1756-3305-4-234
http://www.ncbi.nlm.nih.gov/pubmed/22166580
https://doi.org/10.1371/journal.pntd.0009894


15. World Health Organization, World Bank. Monitoring progress towards universal health coverage at

country and global levels: Framework, measures and targets. Geneva: World Health Organization;

2014.

16. WHO WB. Tracking universal health coverage: first global monitoring report. Geneva: World Health

Organization; 2015.

17. World Health Organization. Guideline: Alternative mass drug administraiton regimens to eliminate lym-

phatic filariasis. Geneva: World Health Organization; 2017.

18. World Health Organization. Accelerating work to overome the global impact of neglected tropical dis-

eases—A roadmap for implementation. Geneva: WHO; 2012.

19. World Health Organization. Monitoring and epidemiological assessment of mass drug administration in

the global programme to eliminate lymphatic filariasis: a manual for national elimination programmes.

In: Department of Neglected Tropical Diseases, editor. Geneva: WHO; 2011.

20. Adams AM, Rabbani A, Ahmed S, Mahmood SS, Al-Sabir A, Rashid SF, et al. Bangladesh: Innovation

for Universal Health Coverage 4: Explaining equity gains in child survival in Bangladesh: Scale, speed,

and selectivity in health and development. The Lancet. 2013; 382(9909):2027–37.

21. Victora CG, Fenn B, Bryce J, Kirkwood BR. Co-coverage of preventive interventions and implications

for child-survival strategies: evidence from national surveys. Lancet. 2005; 366(9495):1460–6. https://

doi.org/10.1016/S0140-6736(05)67599-X PMID: 16243091

22. Boerma JT, Bryce J, Kinfu Y, Axelson H, Victora CG, Bernstein S, et al. Mind the gap: equity and trends

in coverage of maternal, newborn, and child health services in 54 Countdown countries. The Lancet.

2008; 371(9620):1259–67.

23. Rahman MM, Karan A, Rahman MS, Parsons A, Abe SK, Bilano V, et al. Progress toward universal

health coverage: A comparative analysis in 5 South Asian countries. JAMA Internal Medicine. 2017;

177(9):1297–305. https://doi.org/10.1001/jamainternmed.2017.3133 PMID: 28759681

24. Shamsuzzaman AK, Haq R, Karim MJ, Azad MB, Mahmood AS, Khair A, et al. The significant scale up

and success of Transmission Assessment Surveys ’TAS’ for endgame surveillance of lymphatic filaria-

sis in Bangladesh: One step closer to the elimination goal of 2020. PLoS Negl Trop Dis. 2017; 11(1):

e0005340. https://doi.org/10.1371/journal.pntd.0005340 PMID: 28141812

25. NIPORT, Mitra and Associates, ICF International. Bangladesh Demographic and Health Survey 2011.

Dhaka, Bangladesh and Calverton, Maryland, USA: NIPORT, Mitra and Associates, and ICF Interna-

tional; 2013.

26. NIPORT, Mitra and Associates, ICF International. Bangladesh Demographic and Health Survey 2014.

Dhaka, Bangladesh, and Rockville, Maryland, USA: NIPORT, Mitra and Associates, and ICF Interna-

tional; 2016.

27. NIPORT, Mitra and Associates, Macro International. Bangladesh Demorgraphic and Health Survey

2007. Dhaka, Bangladesh and Calverton, Maryland, USA: NIPORT, Mitra and Associates, and Macro

International; 2009.

28. NIPORT, Mitra and Associates, ORC Macro. Bangladesh Demographic and Health Survey 1999–2000.

Dhaka, Bangladesh and Calverton, Maryland, USA: NIPORT, Mitra and Associates, and ORC Macro;

2001.

29. NIPORT, Mitra and Associates, ORC Macro. Bangladesh Demographic and Health Survey 2004.

Dhaka, Bangladesh and Calverton, Maryland, USA: NIPORT, Mitra and Associates, and ORC Macro;

2005.

30. QGIS. QGIS—The leading open source desktop GIS 2019 [Available from: https://www.qgis.org/en/

site/about/index.html.

31. Humanitarian Data Exchange. Bangladesh adminstrative level 0–4 boundary plygons, lines, points, tab-

ular data, and live services: United Nationtions Office for the Coordination of Humanitarian Affairs; 2019

[Available from: https://data.humdata.org/dataset/administrative-boundaries-of-bangladesh-as-of-

2015.

32. International Organization for Standardization. Standard: ISO 3166—Codes for the representatio of

names of countries and their subdivisions—Bangladesh 2018 [Available from: https://www.iso.org/obp/

ui/#iso:code:3166:BD.

33. World Bank. Bangladesh—Household Income and Expenditure Survey: key findings and results, 2010.

Washington, DC: World Bank; 2011.

34. Countdown Equity Analysis G, Boerma JT, Bryce J, Kinfu Y, Axelson H, Victora CG. Mind the gap:

equity and trends in coverage of maternal, newborn, and child health services in 54 Countdown coun-

tries. Lancet. 2008; 371(9620):1259–67. https://doi.org/10.1016/S0140-6736(08)60560-7 PMID:

18406860

PLOS NEGLECTED TROPICAL DISEASES Assessing the effects of a disease-specific program on Bangladesh’s health system

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009894 November 23, 2021 20 / 21

https://doi.org/10.1016/S0140-6736%2805%2967599-X
https://doi.org/10.1016/S0140-6736%2805%2967599-X
http://www.ncbi.nlm.nih.gov/pubmed/16243091
https://doi.org/10.1001/jamainternmed.2017.3133
http://www.ncbi.nlm.nih.gov/pubmed/28759681
https://doi.org/10.1371/journal.pntd.0005340
http://www.ncbi.nlm.nih.gov/pubmed/28141812
https://www.qgis.org/en/site/about/index.html
https://www.qgis.org/en/site/about/index.html
https://data.humdata.org/dataset/administrative-boundaries-of-bangladesh-as-of-2015
https://data.humdata.org/dataset/administrative-boundaries-of-bangladesh-as-of-2015
https://www.iso.org/obp/ui/#iso:code:3166:BD
https://www.iso.org/obp/ui/#iso:code:3166:BD
https://doi.org/10.1016/S0140-6736%2808%2960560-7
http://www.ncbi.nlm.nih.gov/pubmed/18406860
https://doi.org/10.1371/journal.pntd.0009894


35. Victora CG, Barros AJ, Axelson H, Bhutta ZA, Chopra M, Franca GV, et al. How changes in coverage

affect equity in maternal and child health interventions in 35 Countdown to 2015 countries: an analysis

of national surveys. Lancet. 2012; 380(9848):1149–56. https://doi.org/10.1016/S0140-6736(12)61427-

5 PMID: 22999433

36. Barros AJ, Victora CG. Measuring coverage in MNCH: determining and interpreting inequalities in cov-

erage of maternal, newborn, and child health interventions. PLoS Med. 2013; 10(5):e1001390. https://

doi.org/10.1371/journal.pmed.1001390 PMID: 23667332

37. O’Donnell O, Van Doorslaer E, Wagstaff A, Lindelow M. Analyzing health equity using household sur-

vey data: A guide to techniques and their implementation. Washington, DC: The World Bank; 2008.

38. Khan JAM, Ahmed S, Evans TG. Catastrophic healthcare expenditure and poverty related to out-of-

pocket payments for healthcare in Bangladesh-an estimation of financial risk protection of universal

health coverage. Health Policy Plan. 2017; 32(8):1102–10. https://doi.org/10.1093/heapol/czx048

PMID: 28575415

39. Hsu J, Flores G, Evans D, Mills A, Hanson K. Measuring financial protection against catastrophic health

expenditures: methodological challenges for global monitoring. Int J Equity Health. 2018; 17(1):69.

https://doi.org/10.1186/s12939-018-0749-5 PMID: 29855334

40. Barros AJ, Ronsmans C, Axelson H, Loaiza E, Bertoldi AD, Franca GV, et al. Equity in maternal, new-

born, and child health interventions in Countdown to 2015: a retrospective review of survey data from

54 countries. Lancet. 2012; 379(9822):1225–33. https://doi.org/10.1016/S0140-6736(12)60113-5

PMID: 22464386

41. Vyas S, Kumaranayake L. Constructing socio-economic status indices: how to use principal compo-

nents analysis. Health Policy Plan. 2006; 21(6):459–68. https://doi.org/10.1093/heapol/czl029 PMID:

17030551

42. Shadish WR, Cook TD, Campbell DT. Experimental and Quasi-experimental Designs for Generalized

Casual Inference. Belmont, CA, USA: Wadsworth Cengage Learning; 2002. https://doi.org/10.1037/

1082-989x.7.1.3 PMID: 11928889

43. Wing C, Simon K, Bello-Gomez RA. Designing Difference in Difference Studies: Best Practices for Pub-

lic Health Policy Research. Annu Rev Public Health. 2018; 39:453–69. https://doi.org/10.1146/annurev-

publhealth-040617-013507 PMID: 29328877

44. Mensah EO, Aikins MK, Gyapong M, Anto F, Bockarie MJ, Gyapong JO. Extent of Integration of Priority

Interventions into General Health Systems: A Case Study of Neglected Tropical Diseases Programme

in the Western Region of Ghana. PLoS Negl Trop Dis. 2016; 10(5):e0004725. https://doi.org/10.1371/

journal.pntd.0004725 PMID: 27203854

45. World Health Organization. What is health financing for universal coverage: World Health Organization;

2019 [Available from: https://www.who.int/health_financing/universal_coverage_definition/en/.

46. Wang H, Torres LV, Travis P. Financial protection analysis in eight countries in the WHO South-East

Asia Region. Bull World Health Organ. 2018; 96(9):610–20E. https://doi.org/10.2471/BLT.18.209858

PMID: 30262942

PLOS NEGLECTED TROPICAL DISEASES Assessing the effects of a disease-specific program on Bangladesh’s health system

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009894 November 23, 2021 21 / 21

https://doi.org/10.1016/S0140-6736%2812%2961427-5
https://doi.org/10.1016/S0140-6736%2812%2961427-5
http://www.ncbi.nlm.nih.gov/pubmed/22999433
https://doi.org/10.1371/journal.pmed.1001390
https://doi.org/10.1371/journal.pmed.1001390
http://www.ncbi.nlm.nih.gov/pubmed/23667332
https://doi.org/10.1093/heapol/czx048
http://www.ncbi.nlm.nih.gov/pubmed/28575415
https://doi.org/10.1186/s12939-018-0749-5
http://www.ncbi.nlm.nih.gov/pubmed/29855334
https://doi.org/10.1016/S0140-6736%2812%2960113-5
http://www.ncbi.nlm.nih.gov/pubmed/22464386
https://doi.org/10.1093/heapol/czl029
http://www.ncbi.nlm.nih.gov/pubmed/17030551
https://doi.org/10.1037/1082-989x.7.1.3
https://doi.org/10.1037/1082-989x.7.1.3
http://www.ncbi.nlm.nih.gov/pubmed/11928889
https://doi.org/10.1146/annurev-publhealth-040617-013507
https://doi.org/10.1146/annurev-publhealth-040617-013507
http://www.ncbi.nlm.nih.gov/pubmed/29328877
https://doi.org/10.1371/journal.pntd.0004725
https://doi.org/10.1371/journal.pntd.0004725
http://www.ncbi.nlm.nih.gov/pubmed/27203854
https://www.who.int/health_financing/universal_coverage_definition/en/
https://doi.org/10.2471/BLT.18.209858
http://www.ncbi.nlm.nih.gov/pubmed/30262942
https://doi.org/10.1371/journal.pntd.0009894

