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Chapter 1

General introduction
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Maternal and child mortality

Globally, approximately 830 women die from pregnancy and delivery related complications every day,

while most of these deaths could have been prevented [1]. Almost all maternal deaths (99%) occur

in developing countries, with sub-Saharan Africa (SSA) alone accounting for 66% [1]. Within SSA,

maternal mortality is highest in rural areas and poor communities [2].

In 2010, Nigeria alone accounted for an estimated 14% of global maternal deaths, although the

country contains only approximately 2% of the world’s population [3]. Moreover, in 2015, the Nigerian

maternal mortality ratio (MMR) was estimated at 814 deaths per 100,000 live births, compared to an

MMR of 547 in SSA as a whole, 510 in Kenya, and 8 in high-income countries [4].

SSA also appears to be the region with the highest under-5 mortality rate (U5MR), as it is estimated

that 81 per 1,000 children die before reaching the age of 5 years [5]. In 2015, the U5MR in Nigeria and

Kenya were estimated at 108 and 49 deaths per 1,000 live births, respectively [5]. Furthermore, Nigeria

accounted for an estimated 9% of global first-day deaths, which makes it the second worst country into

which one can be born [6]. Kenya is doing better, but still ranks 11th compared in terms of highest

first-day mortality [6].

Progress has been made globally since the United Nations Millennium Development Goals (MDGs)

were defined in 2001 and were succeeded by the Sustainable Development Goals (SDGs) in 2015.

Between 1990 and 2015, maternal mortality and child mortality worldwide dropped by 44% and 55%,

respectively [Figure 1.1:(a)]. Still, maternal and child mortality remain unacceptably high in SSA [Figure

1.1:(b)], showing that current programmes are either not effective or not effective enough. Without novel

approaches it is hence unlikely that SDG 3.1 (reduced maternal mortality to less than 70 per 100,000

live births) and SDG 3.2 (reduced child mortality to less than 25 per 1,000 live births) will be achieved

by 2030 [1, 7]. Moreover, in SSA more than one in three children under the age of 5 years suffer from

the negative consequences of poverty and diseases and are chronically underfed [8]. Therefore, child

malnutrition remains a serious public health problem with high human and economic costs [9–11].

Why do women and children die?

Globally, most women who die as a result of pregnancy related complications do so because of

complications that are preventable, or treatable. The major complications that account for ∼75% of all

maternal deaths are post-partum haemorrhage (severe bleeding after childbirth), sepsis (severe infection),

pre-eclampsia and eclampsia (high blood pressure during pregnancy), obstructed labour, and unsafe

abortion [14]. Other deaths occur as a result of malaria, AIDS, or other diseases during pregnancy.

The leading contributors to global child mortality are preterm birth complications, respiratory

infections, intrapartum-related complications, congenital anomalies (birth defects), sepsis or meningitis,

and diarrhoea [15]. Malnutrition is a co-factor in 45% of all child mortality [16]. As a result of improved

under-5 mortality but hardly improved neonatal mortality (death during the first 28 days of life), the

share of neonatal deaths increased over time to approximately 45% of all deaths under the age of 5 years

[Figure 1.1:(a)].
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Figure 1.1: Maternal mortality ratio and under-five, infant, and neonatal mortality rates, 1990–2015
Source: The World Bank data [4, 5, 12, 13].

How can lives of women and children be saved?

The best way to lower high maternal and new-born mortality is through interventions aimed at

providing access to high quality antenatal and delivery care, including emergency obstetric care when
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complications arise [17–19]. An estimated 39% of maternal deaths could be averted if all women had

access to emergency obstetric care [20]. Moreover, new-born mortality could decrease by 82% if mothers

would switch from delivering at home or in a low-quality facility to delivering in a facility providing

emergency obstetric care [21]. Furthermore, improving maternal health during pregnancy and child

health through targeted (nutritional) interventions will have a lasting impact on the child’s physical and

cognitive development [22]. This, in turn, may greatly affect children’s future earning capacity and, in

the long run, the development of their communities and countries [23–31]. Given the above, it is critical

that novel interventions are developed and evaluated [32–35].

The Health Insurance Fund programme

The research in this thesis was done in the context of a health system intervention, called the Health

Insurance Fund (HIF) programme. The HIF programme was initiated by the PharmAccess Foundation

(PAF), an international development organization committed to providing access to quality healthcare

for low- and middle-income groups in several African countries [36]. The aim of the HIF programme

is twofold, namely improving access to affordable quality healthcare by introducing subsidized low-cost

private health insurance (demand side) and improving the quality of care offered by healthcare facilities

(supply side). The key elements on the demand side of the HIF programme are the focus on organized

groups in the informal sector (e.g. farmer communities), the provision of subsidized low-cost private

insurance premiums, co-payment of the premium by enrolees to encourage the groups to demand quality

care, and voluntary enrolment. On the supply side, the key elements include capacity building, quality

assurance, involvement of the private and public sector, focus on performance-based financing, and

management [37].

Quality and efficiency of healthcare are monitored through independent audits by an international

quality improvement and assessment body called SafeCare, a partnership between the PAF, the American

Joint Commission International, and the South-African Council for Health Services Accreditation of

Southern Africa [38]. Prior to enrolment in the HIF programme, a baseline assessment of the healthcare

facility is conducted by SafeCare and a quality improvement plan is formulated. The provider specific

improvement plans consist of specific targets in 13 different domains, including management and

leadership, human resource management, patients’ rights and access to care, management of information,

risk management, primary healthcare services, inpatient care, operating theatre, laboratory, diagnostic

imaging, medication management, and facility management and support services. SafeCare monitors

the progress on quality improvement through annual follow-up assessments with the SafeCare Quality

Standards. Examples of quality improvement interventions included implementation of treatment

guidelines and protocols for waste management and hospital infection control, training of staff in

guideline-based care and adequate medical file keeping, hospital renovation, upgrading of laboratory

equipment and training of laboratory staff in basic laboratory testing, and assurance of continuous

essential drug supplies [37].

The HIF programme in central Kwara, Nigeria

In July 2009, the HIF programme was introduced in the rural Asa Local Government Area in Kwara

State under the name Kwara State Health Insurance (KSHI) Programme. Kwara State is the fourth
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poorest state in Nigeria in terms of consumption, and a large share of the population works in agriculture

and fishing [39]. The programme was implemented as a public-private partnership, between the Kwara

State Government, Hygeia Community Health Care, the Health Insurance Fund, and the PAF. The

programme prioritized those earning less than US$1.5 per day. Enrolment in the health insurance

scheme was voluntary and on an individual basis and the annual insurance premium was ∼US$2.4

per person per year. The insurance package provided coverage for consultations, diagnostic tests and

medication for all diseases that could be managed at a primary care level, as well as limited coverage of

secondary care services. Secondary care services provided included antenatal care, vaginal and caesarean

delivery, neonatal care, immunizations, radiological and more complex laboratory diagnostic tests,

hospital admissions for various diseases, minor and intermediate surgery, and annual check-ups [37].

By January 2015, 85,110 people had enrolled in the KSHI programme.

The HIF programme in North Nandi, Kenya

In April 2011, Africa Air Rescue insurance Kenya, the Health Insurance Fund, and PAF introduced the

HIF programme under the name The Community Healthcare Plan (TCHP) to dairy farmers and their

families in rural North Nandi, Kenya, situated in the Western region of Kenya. Enrolment in the TCHP

insurance scheme was voluntary and on a family basis. Covered maternity services included antenatal

care, delivery including caesarean section, neonatal care, and pharmacy costs for prescribed medication.

The insurance premium was ∼US$3.6 for a basic package and ∼US$13.2 for a comprehensive package

per family per month, The basic package gave access to outpatient primary and maternity care up to a

referral level and the comprehensive package additionally gave access to inpatient care up to a referral

level.

Rationale for this thesis and research objectives

It has only recently been recognized that the SDGs won’t be achieved without a holistic approach

that includes the private sector [40]. This thesis presents data on how a public-private health system

intervention, targeting both the demand and supply sides of the health system, may contribute to maternal

and child health in sub-Saharan Africa. We aimed to assess the impact of the HIF programme on maternal

and child health. Specific objectives include the following:

• The impact of the programme on maternal decision making related to healthcare utilisation during

delivery;

• The impact of the programme on child health, including birth weight and child growth;

• The costs and cost-effectiveness of maternal and child healthcare services within the HIF

programme;

• The position of the HIF programme and its impact in relation to other programmes targeting the

same population at the same time.
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Research setting

The analysis will be carried out in the context of two field studies in central Kwara State, Nigeria

(Kwara central household survey and Maternal and Child Health Survey) and one field study in North

Nandi, Kenya (Nandi North household surveys). The field studies were conducted by the Amsterdam

Institute for Global Health and Development (AIGHD) and the Amsterdam Institute for International

Development (AIID).

Kwara central household survey

The Kwara central household survey is set up as a representative population-based sample of

central Kwara State. It was designed to evaluate the impact of the HIF programme by using a

difference-in-differences methodology, which requires a baseline and follow-up survey to be carried

out in the intervention area, as well as in a control area. The baseline survey was carried out shortly

before the implementation of the HIF programme among 1,500 households (900 in the programme area

and 600 in the control area) in May 2009 (Figure 1.2). Two years later, in May–June 2011, the same

households were surveyed again to conduct the follow-up survey. Finally, in April–May 2013, 4 years

after the baseline survey, an end-line survey was carried out. All three household surveys consist of a

broad biomedical and socio-economic questionnaire, as well as biomedical measurements.

Maternal and Child Health Survey

In addition to the three household surveys described above, Maternal and Child Health Surveys

(MACHS) were conducted in central Kwara State. The MACHS followed 840 children under the age

of 5 for 2 years and 325 pregnant women throughout their pregnancy. The children and women in the

MACHS were prospectively identified and recruited from the 900 households in the intervention area that

were included in the Kwara central household survey. Data collection among the under-5-year-olds was

conducted at recruitment (December 2010–March 2011) and at six 4-monthly follow-up visits (April

2011–March 2013) (Figure 1.2). Pregnant women were recruited between December 2010 and June

2013 and had 4-monthly follow-up visits until giving birth, as well as an end-line visit after giving birth

(Figure 1.2). Depending on the gestational age at recruitment, pregnant women were visited two to

four times. The MACHS consists of a broad biomedical questionnaire with in-depth maternal and child

health questions. In addition, trained nurses carried out a health and anthropometric examination of the

under-5-year-olds during each survey visit. Furthermore, any use of healthcare by the under-5-year-olds

was recorded by the attending health practitioner at the visited healthcare facility.

Nandi North household survey

The Nandi North household survey is set up as a representative sample of dairy farmers in Nandi County.

It was designed to evaluate the impact of the HIF programme by using a difference-in-differences

methodology, with a baseline and follow-up survey carried out in the intervention area and in a control

area, as well. Shortly before the implementation of the HIF programme, a baseline survey was carried

out among 1,200 households in February 2011. A follow-up survey was carried out among a smaller

random subsample of 549 households in November 2014 (Figure 1.2). In this thesis we use the baseline
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Central Kwara, Nigeria
Kwara central household survey:

Start KSHI programme

2009 2010 2011 2012 2013 2014 2015 2016

Baseline

Follow-up

Follow-up

MACHS (under-5 year olds):

2009 2010 2011 2012 2013 2014 2015 2016

Visit 1

Visit 2

Visit 3

Visit 4

Visit 5

Visit 6

Visit 7

MACHS (pregnant women):

2009 2010 2011 2012 2013 2014 2015 2016

(Visit 1 st
trimester)

(Visit 2 nd
trimester)

Visit 3 rd
trimester

Post delivery visit

North Nandi, Kenya
Nandi North Household survey:

Start TCHP programme Start FMS programme

2009 2010 2011 2012 2013 2014 2015 2016

Baseline

Follow-up

Figure 1.2: Timelines of the field studies in Nigeria and Kenya
Notes: KSHI = Kware State Health Insurance (HIF programme in Nigeria). TCHP = The Community Health Plan (HIF
programme in Kenya). FMS = Free Maternity Services (introduced by the Kenyan government).

and follow-up data of these 549 households only. Both household surveys consist of a broad biomedical

and socio-economic questionnaire, as well as biomedical measurements.

Outline of this thesis

The first three chapters evaluate different impacts of the KSHI programme (HIF programme in Nigeria)

on maternal and child health. First, we assess the intention-to-treat impact of the programme on

hospital deliveries among pregnant women (Chapter 2). Second, we assess the effect of health insurance

enrolment during pregnancy on the birth weight of new-borns (Chapter 3). Third, we assess the

independent effects of health insurance enrolment and healthcare utilisation on the nutritional status
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of malnourished under-5-year-olds (Chapter 4).

Subsequently, we evaluate the costs and cost-effectiveness of maternal and child healthcare services

within the KSHI programme in Chapter 5.

Next, we evaluate the effect of two competing health insurance programmes introduced in Kenya

(Chapter 6), where we assess their effects on antenatal care utilisation and facility deliveries. The two

competing health insurance programmes are the TCHP programme (HIF programme in Kenya) and

the free maternity services programme introduced by the Kenyan government. Finally, we provide a

summary and general discussion in Chapter 7.
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Abstract

Background: Access to quality obstetric care is considered essential to reducing maternal and new-born

mortality. We evaluated the effect of the introduction of a multifaceted voluntary health insurance

programme on hospital deliveries in rural Nigeria.

Methods: We used an interrupted time-series design, including a control group. The intervention

consisted of providing voluntary health insurance covering primary and secondary healthcare, including

antenatal and obstetric care, combined with improving the quality of healthcare facilities. We compared

changes in hospital deliveries from 1 May 2005 to 30 April 2013 between the programme area and

control area in a difference-in-differences analysis with multiple time periods, adjusting for observed

confounders. Data were collected through household surveys. Eligible households (n = 1,500) were

selected from a stratified probability sample of enumeration areas. All deliveries during the 4-year

baseline period (n = 460) and 4-year follow-up period (n = 380) were included.

Findings: Insurance coverage increased from 0% before the insurance was introduced to 70.2% in

April 2013 in the programme area. In the control area insurance coverage remained 0% between

May 2005 and April 2013. Although hospital deliveries followed a common stable trend over the 4

pre-programme years (P = 0.89), the increase in hospital deliveries during the 4-year follow-up period in

the programme area was 29.3 percentage points (95%CI: 16.1–42.6; P < 0.001) greater than the change

in the control area (intention-to-treat impact), corresponding to a relative increase in hospital deliveries

of 62%. Women who did not enroll in health insurance but who could make use of the upgraded care

delivered significantly more often in a hospital during the follow-up period than women living in the

control area (P = 0.04).

Conclusions: Voluntary health insurance combined with quality healthcare services is highly effective

in increasing hospital deliveries in rural Nigeria, by improving access to healthcare for insured and

uninsured women in the programme area.
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Key Messages

• Provision of a combination of voluntary health insurance and quality healthcare increased

hospital deliveries by 29 percentage points (62%) among both insured and uninsured women

in the intervention area in rural Nigeria.

• Insurance enrolment increased from 0% to 70% after the intervention.

• The findings provide important evidence that a health system intervention can be effective and

cost-effective in delivering maternal healthcare services, providing an alternative to vertical

programmes that solely focus on maternal and new-born health.

• Distance to a programme hospital was both an independent determinant of hospital delivery

and of insurance enrolment. The distance to programme hospitals should therefore be

included in the programme design of voluntary health insurance programmes.

Introduction

Although progress has been made globally since the United Nations Millennium Development Goals

were defined in 2001, maternal and new-born mortality remain high in most sub-Saharan African

countries, including Nigeria [1–3]. Easily accessible hospital delivery care, including emergency

obstetric care, is generally recognized as the best way to lower high maternal and new-born mortality [4–

6]. An estimated 39% of maternal deaths could be averted if all women had access to emergency obstetric

care [7]. Moreover, new-born mortality could decrease by 82% if mothers would switch from delivering

in a low-quality facility to delivering in a facility providing emergency obstetric care [8].

In a public-private partnership, the Kwara State Government, Hygeia Community Health Care, the

Health Insurance Fund and PharmAccess Foundation introduced the Kwara State Health Insurance

(KSHI) programme to improve access to affordable and quality healthcare for the population of rural

Kwara State. The programme combines improvement of quality of care offered by hospitals (supply

side) with provision of subsidized low-cost private health insurance (demand side).

The KSHI programme provides a unique opportunity to assess the impact of a health system

intervention to improving access to and utilisation of maternal healthcare services. Whereas previously

the cost-effectiveness of this intervention was established [9], with this study we have evaluated whether

the KSHI programme—addressing the demand and supply sides simultaneously—has increased hospital

deliveries in rural Kwara State, Nigeria.

Methods

Study setting, study area, and the KSHI programme

Kwara State is part of the north central region of Nigeria with a total population of ∼2.5 million based

on the 2006 National Population Census. The 2013 Nigerian demographic health survey reported that,

in Kwara State, 76.7% of women delivered in primary health centres or hospitals [10]. The KSHI

programme began providing health insurance to households in the Asa Local Government Area in Kwara
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State, Nigeria (the programme area) in July 2009. In the 2 months before the insurance was introduced

(May–June 2009), the programme facilitated quality improvements in the participating hospitals. The

Ifelodun Local Government Area in Kwara State was chosen as the control area, as it was comparable to

the programme area in terms of socio-demographic and socio-economic characteristics. The quality and

services provided in the healthcare facilities in the two areas were also similar before the introduction of

the programme (see Supplementary Data Chapter 2 for a figure of the study area).

Enrolment in the health insurance scheme was voluntary and on an individual basis. At the time

of this study, the annual insurance premium was ∼US$2.4 per person per year, which corresponded

to ∼0.5% of average yearly per capita consumption among the 1,500 surveyed households in 2009.

The insurance package provided coverage for consultations, diagnostic tests and medication for all

diseases that could be managed at a primary care level, as well as limited coverage of secondary care

services. Secondary care services provided included antenatal care, vaginal and caesarean delivery,

neonatal care, immunizations, radiological and more complex laboratory diagnostic tests, hospital

admissions for various diseases, minor and intermediate surgery, and annual check-ups. Excluded from

the programme were high technology investigations (computed tomography and magnetic resonance

imaging), major surgeries and complex eye surgeries, family planning commodities, treatment for

substance abuse/addiction, cancer treatment requiring chemotherapy and radiation therapy, provision

of spectacles, contact lenses and hearing aids, dental care, intensive care treatment, and dialyses [11].

Quality and efficiency of healthcare were monitored through independent audits by an international

quality improvement and assessment body called SafeCare, a partnership between the PharmAccess

Foundation, the American Joint Commission International, and the South-African Council for Health

Services Accreditation of Southern Africa. Prior to enrolment in the KSHI programme, a baseline

assessment of the clinic or hospital was conducted by SafeCare and a quality improvement plan was

formulated. The provider specific improvement plans consisted of specific targets in 13 different

domains, including management and leadership, human resource management, patients’ rights and

access to care, management of information, risk management, primary healthcare services, inpatient care,

operating theatre, laboratory, diagnostic imaging, medication management, and facility management and

support services. The improvement plans were implemented by the healthcare providers with technical

and financial support from Hygeia Community healthcare. SafeCare monitored the progress on quality

improvement through annual follow-up assessments with the SafeCare Quality Standards. Examples of

quality improvement interventions included implementation of treatment guidelines and protocols for

waste management and hospital infection control, training of staff in guideline-based care and adequate

medical file keeping, hospital renovation, upgrading of laboratory equipment and training of laboratory

staff in basic laboratory testing, and assurance of continuous essential drug supplies (see Supplementary

Data Chapter 2 for additional information on the KSHI programme) [11].

Study design, data collection and participants

We applied a controlled interrupted time-series design to measure the impact of the KSHI programme 4

years after its introduction.

We used stratified two-stage cluster sampling, with stratification by area of residence (programme

or control) and distance to the nearest (potential) programme hospital (within 5 km or within 5–15 km)

resulting in four subareas. Based on the 2006 National Population Census those four subareas were
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divided into 300 enumeration areas, of which a random sample of 100 enumeration areas was drawn.

Subsequently a random sample of 1,500 households [900 (60%) households in the programme area and

600 (40%) households in the control area] was drawn from those 100 enumeration areas, such that the

resulting sample was representative of the Asa and Ifelodun areas. As a 50–60% uptake of insurance

among households was expected, households in the programme area were over-sampled compared with

the control area. The target sample size of 1,500 households was based on sample size estimates required

to study the effect of the programme on healthcare utilisation and financial protection in the overall

population. Therefore, no formal sample size calculations were performed using hospital deliveries

changes as a main outcome measure. However, a fixed sample size of 1,500 households would allow us

to measure a minimum impact of a 21.2 percentage points increase in hospital deliveries, with a power

of 80% using a two-tailed test and a 0.05 level of significance.

Data were collected in three consecutive population-based household surveys that were

simultaneously conducted in the programme area and control area. A baseline survey was carried out in

May 2009, shortly before the introduction of the programme, and two follow-up surveys were carried

out among the same households in June 2011 and 2013, respectively. Households were included in

the surveys after written informed consent was obtained from adult household members. Consent was

obtained from the head of household for those under 18. All respondents (including the respondents

under 18) were explicitly asked to assent to respond to the pregnancy questionnaire within the household

surveys.

All deliveries during the 4-year baseline period (1 May 2005–30 April 2009) or 4-year follow-up

period (1 May 2009–30 April 2013) from women aged 15–45 years at the time of delivery were eligible

for this study (see Supplementary Data Chapter 2 for more information on the survey questions, potential

recall bias, and data construction).

Ethical clearance

The study protocol was approved by the Ethical Review Committee of the University of Ilorin Teaching

Hospital in Nigeria (04/08/2008, UITH/CAT/189/11/782).

Outcome

Hospital delivery was defined as delivery in any hospital or clinic where skilled delivery care was

provided and where caesarean sections were possible, as opposed to at home or in a primary healthcare

centre, as reported by the women during the household survey. Primary healthcare centres in rural Kwara

State did not provide skilled delivery services and were therefore not included in the definition of hospital

delivery.

Statistical analysis

We measured the intention-to-treat effect of the KSHI programme by using a difference-in-differences

method. All women living in the programme area had access to improved quality maternal and child

healthcare services in the upgraded programme hospitals, with or without being enrolled in the health

insurance, although uninsured women had to pay for these services. Therefore, all women in the

programme area were considered to be in the intervention group irrespective of whether they were
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actually insured. Such an intention-to-treat approach avoids the bias introduced by self-selection into

(or out of) the health insurance and incorporates the independent effect of the quality improvements in

the programme hospitals on uninsured women in the programme area.

In difference-in-differences analysis the intention-to-treat effect (or impact) was estimated as the

increase in percentage of hospital deliveries from the pooled 4-year baseline period to the pooled 4-year

follow-up period in the programme area, controlled for the change in percentage of hospital deliveries in

the control area [12–14]. The key identifying assumption behind the difference-in-differences method is

that hospital deliveries in the programme and control area followed a common constant pre-intervention

trend (the common trend assumption).

Let yi be a dummy variable that equals 1 if woman i delivered in a hospital. The intention-to-treat

programme effect on hospital deliveries was estimated by the following linear probability multivariable

difference-in-differences model [13]:

yi = α +ϑProgrammei +δPosti + γProgrammei ·Posti +X
′
i β + εi, (2.1)

where Programmei is the treatment indicator that equals 1 if woman i was living in the programme

area, and 0 otherwise. The treatment indicator captured possible differences between the programme

and control area prior to the introduction of the programme (measured by ϑ ). Posti is a dummy variable

equal to 1 for the pooled 4-year follow-up period, which captured aggregate factors that would cause

changes in hospital deliveries in the absence of the programme (measured by δ ). The interaction term

Programmei · Posti equals 1 if woman i was living in the programme area during the pooled 4-year

follow-up period, and 0 otherwise. The interaction term measured the intention-to-treat programme

effect, which is identified by γ under the common trend assumption. The vector Xi captured the effects

of the observed confounders on hospital delivery (measured by the β ’s) and the error-term εi captured

unobserved factors affecting hospital delivery.

The common trend assumption was assessed in the controlled interrupted time series analysis, where

we estimated a fully flexible difference-in-differences model. This model compared changes in hospital

deliveries from the 4 pre-programme years to hospital deliveries in the 4 years after the introduction

of the programme, allowing for fully flexible pre- and post-programme trends in the programme and

control area. The following fully flexible multivariable difference-in-differences model was estimated

by including the separate 4 pre- and 4 post-programme years [15]:

yi = α +
4

∑
τ=2

θ τPreτ
i +

4

∑
τ=2

ρτProgrammei ·Preτ
i +ϑProgrammei

+
4

∑
τ=1

δ τPostτ
i +

4

∑
τ=1

γτProgrammei ·Postτ
i +X

′
i β + εi, (2.2)

where Preτ
i is a dummy variable equal to 1 for the τ th pre-programme year and Postτ

i is a dummy

variable equal to 1 for the τ th post-programme year. The interaction term Programmei ·Preτ
i equals 1

if woman i was living in the programme area during the τ th pre-programme year and the interaction

term Programmei ·Postτ
i equals if woman i was living in the programme area in the τ th post-programme

year. The common trend assumption was assessed by testing the H0 : ρ1 = ρ2 = ρ3 = ρ4, which would

suggest that indeed the difference-in-differences model in equation (2.1) is appropriate [15]. In addition,
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we assessed whether the intention-to-treat effect was constant in the follow-up period by testing the

H0 : γ1 = γ2 = γ3 = γ4, which would suggest that the programme reached its maximal impact in the first

post-intervention year already and remained stable at its maximum in the years that followed [16].

In pre-specified heterogeneity analysis we assessed whether the programme’s impact varied with

distance to the nearest (potential) programme hospital (within 5 km vs within 5–15 km). Hereto, we

augmented the difference-in-differences model in equation (2.1) by including interactions with distance

to the nearest (potential) programme hospital:

yi = α +ϑProgrammei +δPosti +πDistancei

+ωProgrammei ·Distancei +ϕPosti ·Distancei

+ γ1Programmei ·Posti + γ2Programmei ·Posti ·Distancei

+X
′
i β + εi, (2.3)

where Distancei is a dummy variable, which was equal to 1 for women living more than 5 km away of

a (potential) programme hospital. The intention-to-treat programme effect is measured by γ1 for women

living within 5 km of a programme hospital and by γ1+γ2 for women living more than 5 km away, where

we expect γ2 to have a negative sign. The 95%CI and P-value of the programme’s impact among women

living more than 5 km away of a programme hospital were calculated by employing the delta method

after estimation.

In sensitivity analysis using the subsample of women who delivered in both periods, the multivariable

difference-in-differences model was estimated with individual fixed-effects to control for the effect of

unobserved time-constant confounders as well [14]:

yit = αi +δt + γProgrammei ·Postt +βXit + εit , (2.4)

where αi is the individual fixed-effect representing unobserved time-constant characteristics of the

women and δt is the time fixed-effect representing the trend in the control group. The vector Xit captured

the effects of the observed time-varying confounders on hospital delivery. Observed time-constant

confounders were not included in this model.

Since hospital delivery is a variable taking only values 0 and 1 one might assume that a

non-linear difference-in-differences method would be preferable to linear difference-in-differences

(linear probability model) but Blundell and Dias showed the opposite [13]. They showed that

difference-in-differences loses much of its simplicity even under a very simple non-linear specification

and requires additional strong assumptions which are often not met. Moreover, Angrist and Pischke

showed that in practice the results of the linear probability model are just as good as those of non-linear

models [17]. To verify this, the results of the linear difference-in-differences model were compared with

the results of the logistic difference-in-differences model in a sensitivity analysis (noting that this logistic

difference-in-differences model is not favourable).

If the programme affected the odds of getting pregnant (or not getting pregnant) then this would

bias the difference-in-differences results. Therefore we additionally estimated whether the probability of

pregnancy during the follow-up period was significantly different between women of reproductive age

with access to the programme and women in the control area without access to the programme, by using
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multivariable logistic regression analysis. Finally, deaths could be pregnancy related which can bias the

programme’s impact, as well. Therefore we assessed whether the number of deaths among women of

reproductive age were similar over time in both study areas.

Confounders were selected based on Gabrysch and Campbell’s conceptual framework [18]. This

framework distinguishes four sets of variables related to hospital delivery, namely (i) perceived

needs [age, parity, complications during (previous) delivery, and desire to become pregnant], (ii)

socio-demographic factors (religion and ethnicity), (iii) socio-economic factors (marital status, female

head of household, educational level head of household, and household wealth) and (iv) physical

accessibility [distance to nearest health facility and distance to nearest (programme) hospital]. In

addition, a context specific factor was added, namely whether the delivery date coincided with one of

two public sector health worker strikes in Kwara State (a 40-day strike in May–June 2011 and 3-week

strike in December 2011–January 2012). Household wealth was estimated by an asset index derived

using principal component analysis. In the multivariable models all a-priori selected confounders were

included, irrespective of whether they were statistically significant. Age, parity, complications during

(previous) delivery, marital status, female head of household, distance to nearest health facility, distance

to nearest (potential) programme hospital, and the strike variable were included as time-varying variables

and desire to become pregnant, religion, ethnicity, educational level of the head of household, and

household wealth were included as time-constant variables, measured at baseline. Educational level

of the head of household and household wealth were measured at follow-up as well, but included at their

baseline value to avoid endogeneity problems. In a sensitivity analysis the strike variable was removed

from the list of confounders to assess the estimation bias of not controlling for the effect of the strikes.

Finally, we provided an estimate of the independent effect of the quality improvements in the

programme hospitals on uninsured women in the programme area by estimating the increase in hospital

deliveries from the baseline period to the follow-up period among uninsured women in the programme

area who delivered in both periods, by using multivariable logistic regression analysis.

In all analyses we corrected for clustering within enumeration area, household, and individual. Data

were analysed using STATA, version 12.1 (StataCorp LP, College Station, Texas, USA).

Results

Participants

Within the surveyed households, 40.7% of 1,131 women of reproductive age delivered during the

baseline period [42.2% (n = 664) in the programme area and 38.5% (n = 467) in the control area]

and 37.8% of 1,005 women of reproductive age delivered during the follow-up period [42.1% (n = 604)

in the programme area and 31.4% (n = 401) in the control area] (Figure 2.1). Of these women who

delivered, 239 delivered in both study periods (162 in the programme area and 77 in the control area).

After adjusting for observed confounders, we found that the odds of pregnancy among all women of

reproductive age were similar in the programme and control area during the follow-up period (P = 0.20)

[Supplementary Table S2.1:(a)].

In total 13 women of reproductive age died in the 12 months prior to the baseline survey (9 women

in the programme area and 4 in the control area) and 10 women of reproductive age died in the 12

months prior to the follow-up surveys (5 women in the programme area and 5 in the control area) (Figure
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2009
Baseline survey

900 households sampled

892 (99.1%)
households interviewed

682 women aged
15–45 identified

664 (97.4%)
women interviewed

280 (42.2%)
women delivered

during baseline period
(1 May ’05–30 April ’09)

12 households lost to
follow-up

47 women excluded:
5 died
7 refused
9 unfinished interview
13 were not present
13 migrated

350 women excluded:
345 no delivery <4 yrs
5 no delivery location

8 households did not
participate

18 women excluded:
9 died
4 refused
5 unfinished interview

384 women excluded:
382 no delivery <4 yrs
2 no delivery location

2011 and 2013
Follow-up survey

651 women aged
15–45 identified

880 (98.7%)
household interviewed

604 (92.8%)
women interviewed

254 (42.1%)
women delivered

during follow-up period
(1 May ’09–30 April ’13)

Programme area

2009
Baseline survey

600 households sampled

571 (95.2%)
households interviewed

473 women aged
15–45 identified

467 (98.7%)
women interviewed

180 (38.5%)
women delivered

during baseline period
(1 May ’05–30 April ’09)

26 households lost to
follow-up

59 women excluded:
5 died
10 refused
17 unfinished interview
16 were not present
11 migrated

275 women excluded:
267 no delivery <4 yrs
8 no delivery location

29 households did not
participate

6 women excluded:
4 died
2 refused

287 women excluded:
286 no delivery <4 yrs
1 no delivery location

2011 and 2013
Follow-up survey

460 women aged
15–45 identified

545 (95.4%)
household interviewed

401 (87.2%)
women interviewed

126 (31.4%)
women delivered

during follow-up period
(1 May ’09–30 April ’13)

Control area

Figure 2.1: Study flowchart
Source: 2009, 2011, and 2013 household surveys.

2.1), as reported by the head of household during the household surveys. The percentages of women of

reproductive age who died were similar over time in both study areas (P = 0.22).

At baseline, non-response rates (due to death, absence or refusal to reply) among women of
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Baseline period Follow-up period
(1 May ’05–30 April ’09) (1 May ’09–30 April ’13)

Programme Control Programme Control
(n = 280) (n = 180) P (n = 254) (n = 126) P

Hospital delivery (outcome) 133 (47.5) 85 (47.2) 0.96 181 (71.3) 47 (37.3) <0.001
Perceived needs
Age at delivery [mean (SD)] 29.04 (7.14) 29.83 (6.28) 0.26 29.64 (6.52) 29.73 (5.89) 0.89
Parity

1st pregnancy 49 (17.5) 28 (15.6) 0.58 25 (9.8) 13 (10.3) 0.89
2nd–3rd pregnancy 107 (38.2) 67 (37.2) 0.83 98 (38.6) 54 (42.9) 0.40
≥4th pregnancy 124 (44.3) 85 (47.2) 0.57 131 (51.6) 59 (46.8) 0.46

Complicationsa 18 (6.4) 9 (5.0) 0.51 20 (7.9) 10 (7.9) 0.98
Desire to become pregnant 205 (73.2) 118 (65.6) 0.17 156 (61.4) 87 (69.0) 0.15
Socio-demographic
Islam 252 (90.0) 99 (55.0) <0.001 235 (92.5) 77 (61.1) <0.001
Yoruba (ethnicity) 237 (84.6) 112 (62.2) <0.001 218 (85.8) 82 (65.1) 0.002
Socio-economic
Married 266 (95.0) 166 (92.2) 0.25 241 (94.9) 120 (95.2) 0.87
Female household head 32 (11.4) 40 (22.2) 0.008 32 (12.6) 22 (17.5) 0.21
Educational level household head

None 105 (37.5) 62 (34.4) 0.61 85 (33.5) 34 (27.0) 0.21
Primary 82 (29.3) 39 (21.7) 0.12 86 (33.9) 35 (27.8) 0.24
Secondary 52 (18.6) 49 (27.2) 0.06 44 (17.3) 42 (33.3) 0.002
Tertiary 41 (14.6) 30 (16.7) 0.69 39 (15.4) 15 (11.9) 0.43

Household wealth quintile
First 58 (20.7) 27 (15.0) 0.25 11 (4.3) 10 (7.9) 0.24
Second 50 (17.9) 37 (20.6) 0.52 32 (12.6) 12 (9.5) 0.39
Third 67 (23.9) 38 (21.1) 0.52 58 (22.8) 34 (27.0) 0.36
Fourth 54 (19.3) 53 (29.4) 0.06 65 (25.6) 30 (23.8) 0.71
Fifth 51 (18.2) 25 (13.9) 0.33 88 (34.6) 40 (31.7) 0.65

Insured at the time of delivery 0 (0.0) 0 (0.0) 1.00 156 (61.4) 0 (0.0) <0.001
Physical accessibility
Nearest health facility (km) [mean (SD)] 1.14 (1.14) 1.35 (1.40) 0.53 1.16 (1.37) 1.41 (1.50) 0.41
Nearest (programme) hospital <5 kmb 159 (56.8) 93 (51.7) 0.67 156 (61.4) 63 (50.0) 0.37
Context specific
Strike 0 (0.0) 0 (0.0) 1.00 3 (1.2) 26 (20.6) <0.001

Table 2.1: Characteristics of women who reported a delivery in the 4 years prior to the baseline (2009) or second
follow-up (2013) survey
Source/Notes: 2009, 2011, and 2013 household surveys. Data are number (%) of women or mean (SD) (for age and distance
to nearest health facility). aComplications during the most recent delivery. bDistance to nearest programme hospital in
the programme area and distance to any nearest hospital in the control area. P-values were adjusted for clustering within
enumeration area and household.

reproductive age were similar in the programme and the control area [2.6%
( 18

682

)
vs 1.3%

( 6
473

)

respectively, P = 0.10]. However, during the follow-up surveys, the non-response rate was significantly

higher in the control area than in the programme area [12.8%
( 59

460

)
vs 7.2%

( 47
651

)
, P = 0.007] (Figure

2.1). Nevertheless, women of reproductive age who took part in the initial survey but were not

interviewed during the follow-up surveys were similar to the women interviewed in terms of observed

characteristics at baseline (Supplementary Table S2.2).
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Population characteristics

At baseline women in both study areas who delivered a child were well balanced in terms of most

observed characteristics, but significant differences were observed with respect to the distribution of

religion, ethnicity, and female head of household (Table 2.1). Women in the programme area were

significantly more often of Islamic religion (P < 0.001), more often ethnically Yoruba (P = 0.002), and

less often living in a household with a female household head (P = 0.008).

Insurance enrolment

None of the women who delivered a child were enrolled in any health insurance scheme during the

baseline period. Women in the control area remained uninsured during the follow-up period. In the

programme area 61.4% of 254 women who delivered during the follow-up period were insured at the

time of delivery (Table 2.1). Within the follow-up period enrolment rates increased from 0% before the

insurance was introduced to 50.0% in May 2010, 64.1% in May 2011, 70.6% in May 2012, and 70.2%

in May 2013 (Figure 2.2).

Within the programme area, women living within 5 km of a programme hospital had significantly

higher insurance coverage than women living more than 5 km away [70.5% (n = 156) vs 46.9% (n = 98),

respectively, P = 0.005].

July ’09 May ’10
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Figure 2.2: Percentage of insured women at the time of delivery in the programme area, by year
Source/Notes: 2009, 2011, and 2013 household surveys. Data are percentage of women insured at the time of delivery out of
all women who delivered a child in the months between the given data points. For example, 70.2% of all women who delivered
between 1 May 2012 and 30 April 2013 in the programme area were insured at the time of delivery.
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Hospital deliveries

The average percentage of deliveries that were reported to have taken place in a hospital were similar in

the programme and control area during the 4-year baseline period [47.5% (n = 280) vs 47.2% (n = 180),

respectively, P = 0.96] (Table 2.1 and Figure 2.2).

Hospital deliveries in the programme area significantly increased from 47.5% (n = 280) during

the baseline period to 71.3% (n = 254) during the follow-up period (P < 0.001). In the control area

hospital deliveries decreased non-significantly from 47.2% (n= 180) during the baseline period to 37.3%

(n = 126) during the follow-up period (P = 0.10). A significant drop in hospital deliveries occurred in

the control area between May 2011 and May 2012 (P = 0.001), when two health worker strikes took

place in the public sector (Figure 2.3).

Within the programme area, hospital deliveries were also similar among women living within 5 km

of a programme hospital and women living more than 5 km away during the baseline period [49.1%

(n = 159) vs 45.5% (n = 121), respectively, P = 0.66]. However, women living within 5 km of a

programme hospital delivered significantly more often in a hospital during the follow-up period than

women living more than 5 km away [82.7% (n = 156) vs 53.1% (n = 98), respectively, P < 0.001].

Women who were enrolled in health insurance at the time of delivery, delivered significantly more

often in a hospital than women who were not enrolled at the time of delivery in the programme area

during the follow-up period [80.8% (n = 156) vs 56.1% (n = 98), respectively, P = 0.001] [Figure

2.4:(a)]. However, women who did not enroll in health insurance but who could make use of the upgraded

care delivered significantly more often in a hospital during the follow-up period than women living in

the control area [56.1% (n = 98) vs 37.3% (n = 126), respectively, P = 0.02] [Figure 2.4:(a)]. Moreover,
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Figure 2.3: Percentage of deliveries that were reported to have taken place in a hospital, by year
Source/Notes: 2009, 2011, and 2013 household surveys. Data are percentage of hospital deliveries in the 12 months prior to
the given month.
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Figure 2.4: Percentage of deliveries that were reported to have taken place in a hospital
Source/Notes: 2009, 2011, and 2013 household surveys. (a) Data are percentage of hospital deliveries during the follow-up
period, by insurance status at the time of delivery. (b) Data are percentage of hospital deliveries during the baseline and
follow-up period among women with a delivery in both periods (n = 239), by insurance status at the time of delivery during the
follow-up period (i.e. women who did not take the insurance vs women who took the insurance).

using the subsample of women in the programme area who delivered in both periods but who did not

enroll in the health insurance during the follow-up period (n = 63) and after adjusting for observed

confounders, hospital deliveries increased by 15.1 percentage points (95%CI: 1.1–29.1; P = 0.04) from

the baseline period to the follow-up period (independent effect of quality improvements on uninsured

women) [Figure 2.4:(b) and Supplementary Table S2.1:(b)].
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Intention-to-treat effect of the KSHI programme

After adjusting for observed confounders, the increase in hospital deliveries in the first, second and

fourth post-programme years was respectively 26.6 percentage points (95 CI: 4.3–48.9; P = 0.02),

30.3 percentage points (95%CI: 14.2–46.5; P < 0.001), and 36.6 percentage points (95%CI: 13.6–59.7;

P = 0.002) greater than the change in the control area [Table 2.2, columns (3), (4), and (6), respectively].

In the third post-programme year—the year of the strikes—the programme impact was highest (49.2

percentage points increase; 95%CI: 25.8–72.7; P < 0.001) [Table 2.2, column (5)]. However, a test on

equal programme impacts in the 4 post-programme years did not reject equal intention-to-treat effects in

these 4 years (P = 0.44). Furthermore, hospital deliveries in the programme and control areas followed

a common stable pre-intervention trend in the 4 pre-programme years (P = 0.89).

After adjusting for observed confounders, the increase in hospital deliveries from the pooled 4

pre-programme years to the pooled 4 post-programme years in the programme area was 29.3 percentage

points (95%CI: 16.1–42.6; P < 0.001) greater than the change in the control area [Table 2.2, column (2)

and Table 2.3, column (1)].

Removing the strike variable from the list of confounders in a sensitivity analysis amplified the

results to a 34.0 percentage points increase (95%CI: 20.5–47.4; P < 0.001), which demonstrated

that not controlling for the effect of the strikes results in an overestimated impact of 4.7 percentage

points [Table 2.3, column (2) minus column (1)]. In further sensitivity analysis, the multivariable

logistic difference-in-differences model yielded consistent results with an estimated 32.0 percentage

points increase (95%CI: 19.0–45.0; P < 0.001) in hospital deliveries [Table 2.3, column (3)]. Finally,

using the subsample of women who delivered in both periods and adjusting for observed time-varying

and unobserved time-constant confounders (using individual fixed effects) also did not change the

programme’s impact (30.3 percentage points increase; 95%CI: 13.3–47.2; P = 0.001) [Table 2.3, column

(4)].

Pre-specified heterogeneity analysis indicated that women living within 5 km of a programme

hospital benefitted substantially more from the programme (36.3 percentage points increase; 95%CI:

18.2–54.3; P< 0.001) than women living more than 5 km away (18.0 percentage points increase; 95%CI:

−0.1–37.0; P = 0.06) [Table 2.3, columns (5) and (6), respectively]. However, the difference between

the impact among women living within 5 km of a programme hospital and the impact among women

living more than 5 km away was not significant (P = 0.16).

Discussion

Provision of a combination of health insurance and quality antenatal and obstetric care was associated

with a significant increase in hospital deliveries in rural Kwara State, Nigeria. In the 4 years after the

introduction of the KSHI programme, hospital delivery care utilisation among all women who delivered a

child in the programme area, whether enrolled in the health insurance or not, was 29.3 percentage points

(or 62%) higher than the change in the control area. In addition, a recent study showed that maternal

healthcare services within the KSHI programme were cost-effective at a one GDP per capita threshold,

compared with the current practice of care in Nigeria [9]. These findings provide important evidence

that a health system intervention can be effective and cost-effective in delivering maternal healthcare

services, providing an alternative to vertical programmes that solely focus on maternal and new-born
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health.

Easily accessible hospital delivery care, including emergency obstetric care, is generally recognized

as the best way to reduce high maternal and new-born mortality [4–6]. Estimates of maternal mortality

in developing countries suggest that, in particular, access to hospital delivery care, including caesarean

delivery when indicated, leads to major health and survival benefits [4]. An estimated 3 out of 4 maternal

deaths could be averted if all women had access to emergency obstetric care [7].

There is relatively consistent evidence that health insurance is positively correlated with health

facility delivery [19–26], but only one study—in Ghana—used methods that can establish this as a causal

relationship [25]. None of the health insurance schemes that were analysed in these studies targeted both

demand and supply sides simultaneously, and the authors of one study noted explicitly that in their

expectation complementary supply side interventions would be critical to improving maternal health and

the health of new-borns [21]. Moreover, common sense and a recent study indicate that health insurance

programmes aimed exclusively at the demand side are likely to have a lower impact, compared with

combined supply and demand side programmes [27]. Additionally, it is not evident that health insurance

increases hospital deliveries in the presence of barriers to hospital delivery such as distance to clinic, fear

of hospital, and stigma of an ‘abnormal birth’, which are particularly common in rural settings and are

not overcome by enrolment in a health insurance scheme [28, 29]. The strength of our study is that it

quantified the impact of a health insurance programme—addressing both the supply and demand side of

healthcare simultaneously—on hospital deliveries in a rural setting in Nigeria, where potential sources

of selection bias (into the programme) were avoided by estimating the programme effect on the whole

programma area (insured and uninsured women).

The main limitation of our study is its inability to disentangle the insurance effect from the effect

of the hospital-upgrades. However, hospital deliveries among women who were uninsured at the time

of delivery in the programme area significantly increased after the introduction of the programme,

suggesting that improved quality of maternal and child healthcare services in the upgraded programme

hospitals attracted them. Hence our intention-to-treat impact reflects a real-world situation in which not

all eligible subjects choose to enroll in a health insurance programme but can make use of the upgraded

Outcome:
hospital delivery Difference-in-differences Fully flexible difference-in-differences

Estimated equation: (2.1) (2.1) (2.2)
Unadjusted Adjusted Adjusted

Period: 1 May 2009–30 April 2013 1 May 2009– 1 May 2010– 1 May 2011– 1 May 2012–
(pooled) 30 April 2010 30 April 2011 30 April 2012 30 April 2013

Impact programme 33.7 29.3 26.6 30.3 49.2 36.6
(95% CI) (18.9–48.5) (16.1–42.6) (4.3–48.9) (14.2–46.5) (25.8–72.7) (13.6–59.7)
P <0.001 <0.001 0.02 <0.001 <0.001 0.002
Obs. 840 840 840

Table 2.2: Estimated intention-to-treat effect of the KSHI programme on hospital deliveries
Source/Notes: 2009, 2011, and 2013 household surveys. In all difference-in-differences analysis the 4-year baseline period
was used. Adjusted for the following observed confounders: age, parity, complications during (previous) delivery, desire to
become pregnant at baseline, Islam, Yoruba, married, female household head, educational level household head at baseline,
household wealth at baseline, distance to nearest health facility, distance to nearest (potential) programme hospital and whether
the delivery date coincided with a health workers strike in the public sector. S.E.s and P-values were adjusted for clustering
within enumeration area, household and individual (woman).
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Outcome:
hospital delivery Sensitivity analysis Heterogeneity analysis

Estimated equation: (2.1) (2.1) (2.1) (2.4) (2.3)
Adjusted Adjusted, Adjusted Adjusted Adjusted Adjusted
(preferred without Logit DD FE DD (potential) (potential)
model) controlling estimate estimate programme programme

for strikes hospital hospital
≤ 5km away 5–15 km away

Impact programme 29.3 34.0 32.0 30.3 36.3 18.0
(95% CI) (16.1–42.6) (20.5–47.4) (19.0–45.0) (13.3–47.2) (18.2–54.3) (-0.1 to +37.0)
P <0.001 <0.001 <0.001 0.001 <0.001 0.06
Obs. 840 840 840 478 840

Table 2.3: Estimated intention-to-treat effect of the KSHI programme on hospital deliveries
Source/Notes: 2009, 2011, and 2013 household surveys. DD = difference-in-differences. FE = fixed effects. In all
difference-in-differences analysis the 4-year baseline period was used. Adjusted for the following observed confounders:
age, parity, complications during (previous) delivery, desire to become pregnant at baseline, Islam, Yoruba, married, female
household head, educational level household head at baseline, household wealth at baseline, distance to nearest health facility,
distance to nearest (potential) programme hospital and whether the delivery date coincided with a health workers strike in the
public sector. S.E.s and P-values were adjusted for clustering within enumeration area, household and individual (woman).

care. This renders our analysis very useful to policymakers, funders and healthcare staff with an interest

in improving maternal and new-born health outcomes in developing countries.

Another limitation of this study was the non-randomized rollout of the insurance programme.

Because of their complexity and multistakeholder nature, as well as for ethical considerations, health

insurance programmes can be rolled out in a (cluster) randomized fashion in very few settings. We

used an alternative approach avoiding selection bias by including a control group similar to the

intervention group and by analysing the data using difference-in-differences with multiple time periods.

We demonstrated that hospital deliveries in the programme and control areas followed a common

pre-intervention trend in the 4 pre-programme years, making this controlled interrupted time-series

design a strong alternative to a randomized-controlled trial [30, 31].

Insurance coverage during the follow-up period was high among women who delivered a child but

enrolment in health insurance was substantially lower among men, non-pregnant women, and children

(within the 1,500 households). For example, 70.2% of women who delivered a child between 1 May 2012

and 30 April 2013 were insured at the time of delivery, whereas 31.6% of men, non-pregnant women and

children were insured at least 1 month in the same time period. This demonstrates that the programme is

able to reach a group that can benefit from health insurance immediately.

In line with findings of other studies from sub-Saharan Africa, we found that distance to the nearest

hospital was an obstacle for hospital deliveries [32, 33], as women living within 5 km of a programme

hospital benefitted more from the programme than women living more than 5 km away, though this

additional benefit was not statistically significant. In addition other studies found that the negative effect

of distance on hospital delivery is less pronounced if the reputation of the provider is good [18,34]. In the

impact analyses we did observe an 18.0 percentage points increase in hospital deliveries among women

living more than 5 km away from a programme hospital. Although this increase was not statistically

significant, this was likely a sample size problem as our sample was too small to measure impacts below

a 21.2 percentage points increase.

The observed decrease in hospital deliveries in the control area between May 2011 and 2012 is
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plausibly the result of two health workers’ strikes in the public sector employment of Kwara State in

the same period. In the control area the main hospital was a public hospital, whereas in the programme

area only the public programme hospital (and not the private programme hospital) was affected by these

strikes. In the programme area 3 deliveries were during these strikes, compared with 26 deliveries in the

control area. In addition, these 3 deliveries in the programme area were in the private hospital, whereas

these 26 deliveries in the control area were indeed at home. This suggests that the control area was more

affected by the strikes, which was confirmed by an overestimated intention-to-treat effect when we did

not control for the strikes.

Conclusion

This study demonstrates that provision of a combination of health insurance and higher quality health

facilities has been effective and cost-effective in delivering maternal healthcare services in Nigeria,

providing an alternative to vertical programmes that solely focus on maternal and new-born health. These

findings provide evidence justifying the introduction and expansion of health system interventions state

or countrywide. This is expected to contribute to improving maternal and new-born health and survival

and assist Nigeria in meeting its sustainable development goals for reducing maternal mortality and

ending preventable deaths of new-borns by 2030.
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Supplementary Data Chapter 2

Additional information on the KSHI programme

The Health Insurance Fund (HIF) programme was initiated by the international development organization

PharmAccess Foundation. The PharmAccess Foundation is committed to providing access to quality

healthcare for low- and middle-income groups in several African countries through innovative financing

mechanisms and improvement of the quality of healthcare [1–5]. The HIF is developing and supporting

the implementation of health insurance programmes, which focus on the informal sector. The aim of the

HIF programme is twofold, namely improving the demand for and access to healthcare, by introducing
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health insurance for individuals with low and middle incomes as well as improving the quality of care

provided in these communities. The key elements on the demand side of the HIF programme are the

focus on organized groups in the informal sector and their dependants—for example communities of

farmers—, the provision of subsidized insurance premiums, co-payment of the premium by enrolees

to encourage the groups to demand quality care, and voluntary enrolment. On the supply side, the key

elements include capacity building, quality assurance, involvement of the private and public sector, focus

on performance-based financing, and management [6].

The HIF programme uses a public-private partnership model and is implemented by PharmAccess

Foundation and private African Health Maintenance Organizations (HMOs) or health insurance

companies. The HMOs are responsible for execution of the programme and for contracting a network

of healthcare providers to provide the care for the enrolees [6]. Donor money, from both international

and local sources, is used to develop and set up the insurance programme and to upgrade the medical

and administrative capacity of the HMOs and healthcare providers contracted under the programme.

The payment of healthcare providers is related to their performance. The programme started in Lagos

and Kwara State in Nigeria in 2007 in collaboration with the HMO Hygeia Limited under the name of

Hygeia Community Health Care [6], which later changed to the KSHI (Kwara State Health Insurance)

programme.

The KSHI programme in Kwara

Since 2007, the KSHI programme is rolled out in 3 regions in Kwara Sate, Nigeria: Kwara North (Kwara

Edu), Kwara Central (Kwara Asa), and Kwara South (Kwara Oyun). In January 2015, 85,100 people

were enrolled in the KSHI programme in the 3 regions in Kwara State. The details and advantages

of the health insurance programme were communicated by the HMO through several channels.

Activities included face-to-face information sharing—through outreach activities to the communities,

house-to-house visits by enrolment officers, health education, and advocacy visits to community opinion

leaders—, and large-scale communication and marketing activities in the target communities—through

billboards, comics, brochures, flyers, and elaborate announcements and information sharing on the radio.

All households living in the districts in which the programme is operational are eligible for enrolment.

There is no pre-enrolment screening for chronic diseases [6].

Beneficiaries are enrolled individually—as opposed to household enrolment—on an annual basis

and pay a co-premium of 300 NAIRA or approximately US$2.4 per person per year. This corresponds

to about 12% of the full premium. The remaining part of the premium is subsidised by the HIF and the

Kwara State Government. The Kwara State Government started contributing to the premium subsidies in

2009. Its contribution has increased from 20% to 60% over the past years and it plans to eventually take

over the entire premium subsidy. Prior to 2009, the HIF paid the greater part of the premium subsidy

through a grant from the Dutch Ministry of Foreign Affairs. The co-premium ranges from 0.96% of the

average annual per capita consumption for the lowest wealth quintile to 0.16% for the highest wealth

quintile (data from 2009 household survey). The scheme’s beneficiaries do not incur out-of-pocket costs

for the services covered since the healthcare facilities are paid directly by the insurance scheme [6].

The HMO has contracted 25 healthcare facilities, 4 small health posts and 2 referral hospitals to

provide the care for their enrolees. Most healthcare facilities are primary and secondary care hospitals

that provide outpatient services and have admission capacity. Tertiary care can be provided in the 2
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referral hospitals in Ilorin—the Kwara State capital—if needed.

Additional information on survey questions asked, potential recall bias, and data
construction

The 2009, 2011, and 2013 household surveys consisted of broad socio-economic and biomedical

questionnaires, and included biomedical measurements. The biomedical questionnaires included detailed

questions about the most recent pregnancy. The date (day, month, and year), location (at home without

traditional birth attendant, at home with traditional birth attendant, primary health centre, private hospital,

public hospital, and mission hospital), and the name of the health facility—if applicable—of the last

delivery were reported in the baseline survey, whilst both follow-up surveys asked about the date and

location of the last delivery in the previous 2 years. In addition to the household surveys, health facility

surveys were carried out among all health facilities in the programme and control area to assess the

quality of these facilities.

The outcome variable was hospital delivery, compared to giving birth elsewhere. Deliveries

elsewhere included deliveries at home without a traditional birth attendant, deliveries at home with

a traditional birth attendant, and deliveries in primary healthcare centres. By using the information

collected in the health facility surveys each self-reported delivery location in the household survey was

classified as a hospital delivery or a delivery elsewhere. Consequently the resulting classification was

checked by local doctors from the University of Ilorin Teaching Hospital.

The delivery date was used to construct four 1-year periods within both the baseline period and

follow-up period. At the start of each interview all household members within the household were

identified, and their relationship to the other household members as well as date of birth were recorded

in a household roster. A woman’s reported delivery date in the pregnancy section of the biomedical

questionnaire was checked against the reported date of birth of the youngest child of this woman in the

household roster to address potential recall bias. We found that for most women the difference between

the two dates was less than one month.

If a woman delivered twice during the follow-up period (n=86), that is if the same woman reported

a delivery in both the 2011 and 2013 surveys, then only her most recent delivery was included in the

analyses, as within the baseline period only information of the last delivery was available, as well.

Selection bias

Selection bias in the outcome—via insurance enrolment—appeared small since women living in the

programme area who delivered in both study periods and who were insured at the time of delivery during

the follow-up period had similar hospital deliveries at baseline as the women who did not take the health

insurance (P = 0.32) (see Table S2.3). However, women who were insured at the time of delivery did

have different baseline characteristics than the women who were not insured at the time of delivery.

Women who took the insurance were more often ethnic Yoruba (P = 0.02), were more often living in a

household with a highly educated household head (P = 0.004), were wealthier (P < 0.001), were living

closer to a health facility (P = 0.009), and were more often living within 5 km of a programme hospital

(P = 0.003). This suggests that there may be selection bias in the insurance uptake.
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Supplementary Figure and Tables Chapter 2

Nigeria
Kwara

Programme area: Afon and Aboto Oja (Asa Local Government Area)
Control area: Ajasse Ipo (Ifelodun Local Government Area)

Figure S2.1: Programme and control area in Kwara State, Nigeria [6]

(a) (b)
Outcome: Pregnancy during the follow-up period Hospital delivery

Adjusted Adjusted
Logit Logit

Sub-sample: Reproductive women Women living in the programme who delivered
in both periods and who were not insured
at the time of delivery during the follow-up period

Odds ratio 1.3 15.1a

(95% CI) (0.8–2.0) (1.1–29.1)
P 0.20 0.04
Obs. 1,005 126

Table S2.1: Estimated effect of (a) the KSHI programme on the odds of pregnancy among women of reproductive age
during the follow-up period and (b) the quality improvements in the programme hospitals on uninsured women in the
programme area, using logistic regression analysis
Source/Notes: 2009, 2011, and 2013 household surveys. (a) Analysis included 1,005 women of reproductive age during the
follow-up period. Adjusted for the following observed confounders: age, parity, complications during delivery at baseline,
desire to become pregnant at baseline, religion, ethnicity, married at baseline, female household head at baseline, educational
level household head at baseline, household wealth at baseline, distance to nearest health facility at baseline, and distance
to nearest (potential) programme hospital at baseline. (b) Analysis included 126 women living in the programme area who
delivered in both periods and who were not insured at the time of delivery during the follow-up period. Adjusted for the
following observed confounders: age, parity, complications during (previous) delivery, desire to become pregnant at baseline,
religion, ethnicity, married, female household head, educational level household head at baseline, household wealth at baseline,
distance to nearest health facility, and distance to nearest (potential) programme hospital. aMarginal effect, evaluated at the
mean values of the observed confounders. Standard errors and P-values were adjusted for clustering within enumeration area,
household and individual (woman).
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Baseline period
(1 May ’05–30 April ’09)

Interviewed women Women not interviewed
(n = 801) (n = 84) P

Pregnancy related
Age [mean (SD)] (n = 885) 27.15 (9.15) 27.58 (13.48) 0.79
Parity (n = 885)
No children 285 (35.6) 41 (48.8) 0.04

1 child 66 (8.2) 7 (8.3) 0.98
2–3 children 156 (19.5) 19 (22.6) 0.54
>4 children 294 (36.7) 17 (20.2) 0.001

Desire to become pregnant (n = 885) 345 (43.1) 30 (35.7) 0.25
Delivered child ever (n = 885) 490 (61.2) 42 (50.0) 0.10

Hospital delivery (n = 532) 238 (48.6) 17 (40.5) 0.28
Complicationsa (n = 532) 27 (5.5) 2 (4.8) 0.82

Socio-demographic (n = 885)
Islam 627 (78.3) 61 (72.6) 0.28
Yoruba 637 (79.5) 63 (75.0) 0.45
Socio-economic (n = 885)
Married 539 (67.3) 52 (61.9) 0.41
Female household head 138 (17.2) 17 (20.2) 0.50
Educational level household head

None 306 (38.2) 41 (48.8) 0.08
Primary 216 (27.0) 18 (21.4) 0.28
Secondary 145 (18.1) 16 (19.0) 0.85
Tertiary 134 (16.7) 9 (10.7) 0.07

Household wealth quintile
First 114 (14.2) 17 (20.2) 0.16
Second 149 (18.6) 14 (16.7) 0.65
Third 163 (20.3) 22 (26.2) 0.28
Fourth 183 (22.8) 16 (19.0) 0.42
Fifth 192 (24.0) 15 (17.9) 0.20

Physical accessibility (n = 885)
Nearest health facility (km) [mean (SD)] 1.09 (1.14) 1.61 (1.47) 0.01
Nearest (potential) programme hospital <5kmb 466 (58.2) 39 (46.4) 0.08

Table S2.2: Baseline characteristics of women of reproductive age, by their interview status during the follow-up period
(interviewed/not interviewed)
Source/Notes: 2009, 2011, and 2013 household surveys. Data are number (%) of women or mean (SD) (for age and distance to
nearest health facility). Baseline information was missing for 204 out of 1,005 women (111 in the programme area and 93 in the
control area) who took part in all surveys and baseline information was missing for 22 out of 106 women (11 in the programme
area and 8 in the control area) who only took part in the baseline survey. aComplications during the most recent delivery.
bDistance to nearest programme hospital in the programme area and distance to nearest (potential) programme hospital in the
control area. P-values were adjusted for clustering within enumeration area and household.
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Baseline period
(1 May ’05–30 April ’09)

Insured women Uninsured women
(n = 99) (n = 63) P

Outcome
Hospital delivery 52 (52.5) 28 (44.4) 0.32
Perceived needs
Age at delivery [mean (SD)] 28.79 (5.85) 29.19 (5.58) 0.67
Parity

1st pregnancy 22 (22.2) 7 (11.1) 0.06
2nd–3rd pregnancy 42 (42.4) 30 (47.6) 0.48
≥4th pregnancy 35 (35.4) 26 (41.3) 0.38

Complicationsa 5 (5.1) 2 (3.2) 0.58
Desire to become pregnant 87 (87.9) 52 (82.5) 0.3
Socio-demographic
Islam 91 (91.9) 57 (90.5) 0.76
Yoruba 89 (89.9) 48 (76.2) 0.02
Socio-economic
Married 97 (98.0) 63 (100.0) 0.14
Female household head 11 (11.1) 3 (4.8) 0.15
Educational level household head

None 26 (26.3) 25 (39.6) 0.12
Primary 30 (30.3) 23 (36.5) 0.41
Secondary 18 (18.2) 11 (17.5) 0.91
Tertiary 25 (25.3) 4 (6.3) 0.004

Household wealth quintile
First 10 (10.1) 21 (33.3) <0.001
Second 18 (18.2) 14 (22.2) 0.42
Third 29 (29.3) 11 (17.5) 0.09
Fourth 20 (20.2) 8 (12.7) 0.16
Fifth 22 (22.2) 9 (14.3) 0.19

Physical accessibility
Nearest health facility (km) [mean (SD)] 0.89 (0.94) 1.40 (1.19) 0.009
Nearest (potential) programme hospital <5kmb 71 (71.7) 26 (41.3) 0.003

Table S2.3: Baseline characteristics of women living in the programme area who reported a delivery in both study
periods, by their insurance status (insured/uninsured) at the time of delivery during the follow-up period
Source/Notes: 2009, 2011, and 2013 household surveys. Data are number (%) of women or mean (SD) (for age and distance
to nearest health facility). aComplications during the most recent delivery. bDistance to nearest programme hospital in the
programme area and distance to nearest (potential) programme hospital in the control area. P-values were adjusted for clustering
within enumeration area and household.
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Abstract

Background: Birth weight is one of the most important indicators of a new-born’s chances of survival

and long-term health. We evaluated the effect of a health system intervention on birth weight of

new-borns in rural Nigeria. This intervention consisted of providing voluntary health insurance covering

primary and secondary healthcare combined with improving the quality of healthcare facilities.

Methods: Effect of insurance enrolment on birth weight was estimated using ordinary least squares and

instrumental variables analysis, adjusting for observed confounders. Additionally, quantile regression

analysis was used to analyse whether the effect of insurance enrolment varied across different points

of the conditional birth weight distribution. Eligible pregnant women (n = 325) were prospectively

identified and recruited from randomly selected households from the intervention area. Data collection

followed recruitment (December 2010 to June 2013), four monthly follow-up visit(s), and end-line

measurement of birth weight. Only measured birth weights of non-premature live births were included.

Findings: Of the pregnant women, 46.8% were insured during pregnancy. After adjusting for observed

confounders, each additional day a woman was insured during pregnancy was significantly associated

with a 0.40 gram higher birth weight of her new-born (95%CI: 0.03 to 0.78; P = 0.04; OLS estimate),

which is equivalent to a 112 gram higher birth weight when the woman was insured during the whole

duration of pregnancy. The quantile regression results showed that an increase in the number of days

insured during pregnancy had a greater effect on birth weights of new-borns at the higher end of the birth

weight distribution and no significant effect at the bottom 10% and 25%.

Conclusions: Voluntary health insurance is effective in improving birth weights in rural Nigeria.

However, additional interventions are needed to improve the birth weight of new-borns at the bottom

10% and 25%.

38



Key Messages

• Provision of a combination of voluntary health insurance and quality healthcare improved

birth weight of new-borns when the mother was insured during pregnancy, in a setting in

rural Nigeria where 47% of the mothers were insured during pregnancy.

• Insurance enrolment had a significant positive effect at the top of the birth weight distribution,

whereas it had no effect at the bottom.

• The findings provide important evidence that a health system intervention can be effective and

cost-effective in improving birth weight of most new-borns, but additional interventions are

needed to improve the birth weight of new-borns at the bottom of the birth weight distribution.

Introduction

Although progress has been made globally since the United Nations Millennium Development Goals

were defined in 2001, under-5 mortality remains high in most sub-Saharan African countries, including

Nigeria [1]. Every day, Nigeria loses about 2,300 under-5 year olds, which makes it the second largest

contributor to the under-5 mortality rate in the world [2]. Weight at birth is one of the most important

indicators of a new-born’s chances of survival and long-term health [3, 4].

Health insurance can protect households from catastrophic out-of-pocket healthcare expenditures

and income loss, which, in turn, may result in more resources being available for food, contributing to

improved birth weight [5]. In addition, health insurance provides access to antenatal care and prenatal

vitamin supplementation and can reduce the delay in treatment of diseases during pregnancy, further

contributing to better birth weight outcomes.

In a public-private partnership, the Kwara State Health Insurance (KSHI) programme was introduced

to improve access to affordable and quality healthcare for the population of rural Kwara State.

The programme combines improvement of quality of care offered by hospitals (supply side) with

provision of subsidized low-cost private health insurance (demand side). Whereas previously the

cost-effectiveness and positive impact on increasing hospital deliveries of this health system intervention

were established [6, 7], here we have evaluated the effect of the KSHI programme on birth weight of

new-borns in rural Kwara State, Nigeria.

Methods

Study setting and study area

Kwara State is situated in the north central region of Nigeria. This state has a population of approximately

2.5 million, of which approximately 20% are under 5 years of age [8]. In the 2013 Nigerian demographic

health survey, mothers in Kwara State reported that 9% of their children born in the 5 years preceding

the survey had a low birth weight [9].

In July 2009, the KSHI programme was launched in the Asa Local Government Area in Kwara State,

Nigeria (the programme area).
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Intervention

The KSHI programme is described in detail elsewhere [7, 10, 11]. Briefly, enrolment in the health

insurance scheme was voluntary, on an individual basis, and lasted for 1 year. Active re-enrolment

was required after each year. At the time of this study, the annual insurance premium was approximately

2.4 USD per person per year. The insurance package provided coverage for primary and secondary

healthcare services, including antenatal care, vaginal and caesarean delivery, neonatal care, and

immunizations.

Prior to enrolment in the KSHI programme, a baseline assessment of the hospital was conducted

by an international quality improvement and assessment body called SafeCare [12], and a quality

improvement plan was formulated. These included implementation of treatment guidelines and protocols

for waste management and hospital infection control, training of staff in guideline-based care and

adequate medical file keeping, hospital renovation, upgrading of laboratory equipment, and training

of laboratory staff in basic laboratory testing and assurance of continuous essential drug supplies.

The quality improvement plans were implemented with technical and financial support from a health

maintenance organization. Progress on quality improvement were monitored through annual follow-up

assessments with the SafeCare Quality Standards.

Study design and data collection

In the Maternal and Child Health Study (MACHS), 325 pregnant women were prospectively identified

and recruited from 900 randomly selected households that were included in an impact evaluation (for

details see [7, 10]).

Inclusion criteria for women in the MACHS were pregnant woman, aged 15–49 at the time of

pregnancy, and living in one of the 900 households. MACHS data collection followed the following

steps: recruitment (December 2010 to June 2013), four monthly follow-up visit(s), and end-line

measurement of birth weight. Depending on the gestational age at recruitment, women were visited

two to four times. Written informed consent was obtained from each respondent.

Ethical Clearance

The study protocol was approved by the Ethical Review Committee of the University of Ilorin Teaching

Hospital in Nigeria (04/08/2008, UITH/CAT/189/11/782).

Treatment variable

We examined the effect of health insurance enrolment during pregnancy on birth weight (treatment

effect). The treatment variable was measured by the number of days enrolled in the KSHI health

insurance scheme during pregnancy (0 to 280 days).

Outcome

Birth weight measurements were copied from the birth cards that were given to the mothers at the health

facilities after delivery. Women who did not deliver at the health facility were told to call the survey

team within 24 hours of giving birth after which the survey team measured the new-borns’ weight using
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standardized methods. Weight was measured using validated and calibrated digital scales (Omron BF400

and Omron HBF-400-E, OMRON Cooperation). Only measured birth weights of non-premature live

births were included in the analysis.

Statistical Analysis

The effect of the number of days enrolled in the health insurance scheme during pregnancy on birth

weight was estimated by Ordinary Least Squares (OLS) and Instrumental Variables (IV) analysis.

Additionally, quantile regression analysis was used to analyse whether the effect of insurance enrolment

varied across different points of the conditional birth weight distribution.

Let yi be a continuous variable measuring the birth weight of the new-born of woman i, Insuredi

the treatment indicator that equals 1 if woman i was insured during pregnancy, and 0 otherwise, Xi

a vector containing observed characteristics of woman i, and εi an error-term containing unobserved

factors affecting birth weight. Variables in Xi included pregnancy related characteristics (age, number of

alive children at recruitment, health status at recruitment, whether the woman sleeps under a bed-net,

gestational age at recruitment, and number of MACHS follow-up survey visits), socio-demographic

factors (religion and ethnicity), and socio-economic factors (education and employment status of the

woman and her spouse). We are interested in estimating the following equation:

yi = α + γInsuredi +βXi + εi, (3.1)

where Insuredi and εi may be correlated, as a result of the non-randomized roll-out of the health insurance

component of the KSHI programme. Women who enrolled in the health insurance scheme were likely

different in observed and unobserved ways from those who did not enroll. For example, wealthier women

are both more likely to enroll in health insurance and more likely to have new-borns with a higher birth

weight. Not controlling for this selection bias would probably result in an overestimated effect of being

enrolled in the health insurance scheme.

IV analysis is an econometric method used to remove the effects of selection bias in observational

studies [13]. The IV method requires at least one instrumental variable that is strongly correlated with

health insurance status and that does not directly affect birth weight or unobserved factors affecting birth

weight. As IV we used the number of days insured during pregnancy on the most recent insurance

contract purchased before the initiation of pregnancy. The IV has a value between 1 and 280 (i.e. the full

duration of pregnancy) among woman who enrolled in the insurance scheme somewhere in the 364 days

before the initiation of pregnancy and the IV equals 0 among women who enrolled longer ago, enrolled

after the initiation of pregnancy, or never enrolled.

Not all women immediately enrolled in the health insurance scheme after it was introduced in July

2009. Moreover, the insurance lasts for one year, after which active re-enrolment is required, and not

all women immediately re-enrolled. This creates variation in the insurance (re-)enrolment dates. First,

we argue that the timing of pregnancy is uncorrelated with the start of insurance contracts purchased

before the initiation of pregnancy (assumption). This then ensures that variation in the IV comes from

(random) variation in the insurance (re-)enrolment dates. We evaluated whether the characteristics of

women whose contract ended shortly after the initiation of pregnancy were similar to the characteristics

of women who enrolled shortly before the initiation of pregnancy (testing the assumption). Second, we
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Programme area

325
women interviewed

309 (95.1%)
had live birth

147 (47.6%)
had measured birth weight

143 (94.6%)
women analyzed

16 women excluded:
16 stillbirths

162 women excluded:
162 birth weights not

measured

4 women excluded:
4 missing info at key

variables

Figure 3.1: Study flowchart
Source: MACHS.

show that the IV strongly correlates with the number of days insured during pregnancy and we argue that

it is not likely that the IV affects birth weight other than through our treatment variable (number of days

insured during pregnancy) and is therefore a valid instrument.

First equation (3.1) was estimated using OLS. Next, the IV was used to estimate equation (3.1) by a

Generalized Methods of Moments (GMM) approach [14]. In order to test the quality of the instrument

we assessed the first stage F-statistic of the IV estimation results. Instruments are considered strong if

the value of this statistic is greater than 10 [15]. The C-test was used to assess whether the potential

selection bias was serious enough to require the use of IV instead of OLS [14]. This test is the GMM

variant of the Hausman test and prefers the more efficient OLS estimate if the difference between the

two estimates is not significantly different from zero [16]. In sensitivity IV analysis we estimated the

insurance effect by excluding the never takers from the sample.

In additional quantile analysis, we evaluated the effect of insurance enrolment on birth weight not

only on the centre but also on the tails of the birth weight distribution, by estimating equation (3.1) at

each percentile p of the birth weight distribution, with p = {0.10,0.25,0.50,0.75,0.90}, respectively.

Results

Participants

Of the 325 pregnant women in the MACHS, 309 (95.1%) had a live birth (Figure 3.1). Of these 309

women with a live birth, 147 (47.6%) had the birth weight of their new-born measured. An additional

four women were excluded as a result of missing information at employment status.

Women with a measured birth weight were similar to women without a measured birth weight in

terms of most observed characteristics (Table 3.1). Only gestational age at recruitment differed between

the two groups (P = 0.003).
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Measured birth weight Non-measured birth weight

N n (%) or mean (SD) N n (%) or mean (SD) P

Maternal health related
Age 147 27.05 (5.51) 162 26.53 (5.89) 0.43
Number of alive children 147 2.16 (1.62) 159 1.94 (1.46) 0.23
Gestational age at recruitment 147 25.21 (8.05) 162 22.46 (8.31) 0.003
Healthy at recruitment 147 118 (80.3) 162 117 (72.2) 0.1
Sleeps under bed-net 147 115 (78.2) 162 108 (66.7) 0.02
Socio-demographic
Islam 147 137 (93.2) 162 150 (92.6) 0.84
Yoruba 147 109 (74.2) 162 126 (77.8) 0.46
Socio-economic
Educated womana 147 88 (59.9) 162 96 (59.3) 0.91
Employed woman 145 121 (83.5) 162 132 (81.5) 0.65
Educated spousea 147 103 (70.1) 162 123 (75.9) 0.25
Employed spouse 143 138 (96.5) 162 153 (94.4) 0.39
Programme related
Insurance enrolment during pregnancy

Uninsured 147 80 (54.4) 143 65 (45.5)
Partly insured 147 19 (12.9) 143 31 (21.7)
Insured 147 48 (32.7) 143 47 (32.9) 0.11

Table 3.1: Characteristics of pregnant women with and without measured birth weight, among women with a live birth
Source/Notes: MACHS. Data are number (%) of women or mean (SD) for age, number of living children, and gestational age
at recruitment. The total number of women with a live birth was 309, out of which 147 women had their new-borns measured
at birth. Due to missing values of certain variables, the number of observations was reported by variable. aPrimary, secondary,
or tertiary education (as opposed to no education). P-values were reported for t-tests or the χ2-test (for insurance enrolment
during pregnancy).

Insurance enrolment

Of the 143 analysed women, 67 (46.8%) women were insured during pregnancy (on average 106 days).

Insurance enrolment at the 10th, 25th, 50th, 75th, and 90th percentile of the birth weight distribution

was 46.7%, 40%, 38.6%, 60.9%, and 73.3%, respectively.

new-borns born to women who were enrolled in the health insurance scheme during pregnancy had a

significantly higher birth weight than new-borns born to women who were not enrolled during pregnancy

[3.25 kg (SD = 0.65) versus 3.05 kg (SD = 0.46), respectively, P = 0.04] (Table 3.2).

Women who were insured during pregnancy had more MACHS follow-up visits (P = 0.03), were

more often ethnic Yoruba (P = 0.003), were more often higher educated (P = 0.001) and were more

often living with a higher educated spouse (P = 0.005) (Table 3.2).

Estimated difference in birth weight between the insured and uninsured

After adjusting for observed confounders, each additional day a woman was insured during pregnancy

was significantly associated with a 0.40 gram higher birth weight of her new-born (95%CI: 0.03 to 0.78;

P = 0.04; OLS estimate), which is equivalent to a 112 gram higher birth weight when the woman was

insured during the whole duration of pregnancy (Table 3.3). Controlling for the potential selection bias

resulted in a slightly lower non-significant estimated insurance effect (0.36 gram; 95%CI: -0.41 to 1.13;

P = 0.36; IV estimate), although the difference between the OLS and IV estimates was not significant

43



Insured women Uninsured women
(n = 67) (n = 76) P

Birth weight (kg) (outcome) [mean (SD)] 3.25 (0.65) 3.05 (0.46) 0.04
Pregnancy related
Age [mean (SD)] 27.12 (5.81) 27.07 (5.35) 0.95
Number of alive children [mean (SD)] 1.96 (1.53) 2.36 (1.69) 0.14
Gestational age at recruitment [mean (SD)] 25.79 (9.08) 24.84 (7.00) 0.48
Healthy at recruitment 53 (79.1) 61 (80.3) 0.87
Sleeps under bed-net 48 (71.6) 64 (84.2) 0.07
Number of MACHS follow-up visits [mean (SD)] 2.36 (0.67) 2.14 (0.48) 0.03
Socio-demographic
Islam 64 (95.5) 69 (90.8) 0.27
Yoruba 57 (85.1) 48 (63.2) 0.003
Socio-economic
Educated womana 49 (73.1) 35 (46.1) 0.001
Employed woman 60 (89.6) 59 (77.6) 0.06
Educated spousea 54 (80.1) 45 (59.2) 0.005
Employed spouse 65 (97.0) 73 (96.1) 0.76

Table 3.2: Characteristics of pregnant women living in the programme area, by their insurance status (whole pregnancy
insured or partly insured versus whole pregnancy uninsured)
Source/Notes: MACHS. Data are number (%) of women or mean (SD) for age, number of living children, gestational age at
recruitment, and number of MACHS follow-up visits. The total number of women with a live birth was 143, out of which 67
women were insured during pregnancy (on average 106 days). aPrimary, secondary, or tertiary education (as opposed to no
education). P-values were reported for t-tests.

(P = 0.92, C-statistic of the Hausman test) (Table 3.3). Excluding confounding variables yielded similar

inferences (Table 3.3). Excluding the never takers from the IV analysis also yielded similar inferences

(0.45 gram; 95%CI: -1.25 to 2.15; P = 0.60; IV estimate).

The quantile regression results showed that an increase in the number of days insured during

pregnancy had a greater effect on birth weights of new-borns at the higher end of the birth weight

distribution and no significant effect at the bottom 10% and 25% (Figure 3.2). The increase was not

significant at the 10th and 25th percentile (P = 0.97 and P = 0.70, respectively), whereas the increase

was 118 gram at the median (P = 0.01) and 199 gram at both the 75th and 90th percentile (P = 0.005 and

P = 0.013, respectively) among women ensured during the whole duration of pregnancy.

Discussion

This study showed that when the mother was enrolled in the KSHI health insurance scheme during

pregnancy this significantly improved the birth weight of her new-born. Previously, it was established

that the KSHI programme significantly increased the choice for hospital delivery and that maternal

healthcare services within the KSHI programme were cost-effective at a one GDP per capita threshold,

compared with the current practice of care in Nigeria [6, 7]. These findings provide important evidence

that a health system intervention such as the KSHI programme can be effective and cost-effective in both

delivering quality maternal healthcare services and improving birth outcomes of pregnant women and

their new-borns.

A few other studies have tried to establish the effect of health insurance enrolment on birth weight
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Unadjusted Adjusted

Outcome: birth weight Coefficient (95% CI) P Coefficient (95% CI) P

OLS:
Insurance effect (gram) 0.34 (0.03–0.72) 0.07 0.40 (0.03–0.78) 0.04

IV:
Insurance effect (gram) 0.30 (-0.43 to +1.02) 0.42 0.36 (-0.41 to +1.13) 0.36

Instrument in first stage (P) <0.001 <0.001
First stage F-value (strong instrument test) 164 15
C-statistic (selection bias in insurance test) 0.02 0.89 0.01 0.92
N 143 143

Table 3.3: Estimated effect of enrolment in the KSHI health insurance scheme on birth weight
Source/Notes: MACHS. Adjusted for the following observed confounders: age, number of alive children at recruitment,
gestational age at recruitment, health status at recruitment, sleeps under bed-net, number of MACHS follow-up survey visits,
religion, ethnicity, education, education spouse, and employment status, employment status spouse. Robust S.E.s and P-values.
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Figure 3.2: Estimated increase in birth weight (in gram) when insurance enrolment during pregnancy is increased by 1
day, at each percentile
Source/notes: MACHS. Unadjusted quantile regression estimates with 95% CI.

in low- and middle-income countries. A study from Ghana found that new-borns of insured mothers had

lower rates of low birth weight, compared to new-borns of uninsured mothers (16.8% versus 23.3% [17].

Another study from Nigeria also found that low birth weight was less prevalent among insured mothers

(2.7% versus 9.3%, P < 0.001) [18]. However, these studies did not control for potential selection bias

into insurance. Only one study—in Mexico—also used an IV approach and found that when the mother

was insured then this significantly improved the birth weight of their new-born by 108 gram [19].

Insurance enrolment during pregnancy only had a significant effect on birth weights at the higher

end of the birth weight distribution. Ideally, it should have been the other way around, as low birth
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Early insured women Later insured women
(n = 16) (n = 10) P

Pregnancy related
Age [mean (SD)] 27.44 (5.61) 30.90 (5.28) 0.13
Number of alive children [mean (SD)] 2.19 (1.47) 3.00 (1.63) 0.20
Gestational age at recruitment [mean (SD)] 23.75 (9.40) 30 (4.78) 0.06
Healthy at recruitment 11 (68.8) 10 (70.0) 0.95
Sleeps under bed-net 10 (62.5) 6 (60.0) 0.90
Number of MACHS follow-up visits [mean (SD)] 2.44 (0.81) 2.40 (0.52) 0.90
Socio-demographic
Islam 16 (100.0) 10 (100.0) 1.00
Yoruba 14 (87.5) 9 (90.0) 0.85
Socio-economic
Educated womana 13 (81.3) 8 (80.0) 0.94
Employed woman 16 (100.0) 10 (100.0) 1.00
Educated spousea 12 (75.0) 8 (80.0) 0.78
Employed spouse 16 (100.0) 10 (100.0) 1.00

Table 3.4: Characteristics of women whose contract ended shortly after the initiation of pregnancy (early insured
women) versus women who enrolled shortly before the initiation of pregnancy (later insured women)
Source/Notes: MACHS. Data are number (%) of women or mean (SD) for age, number of living children, gestational age at
recruitment, and number of MACHS follow-up visits. aPrimary, secondary, or tertiary education (as opposed to no education).
P-values were reported for t-tests.

weight new-borns are much more vulnerable and likely to have health complications than new-borns

with healthier birth weights, and therefore would benefit most from an improved birth weight. We do

not know why insurance enrolment during pregnancy did not significantly improve birth weights of

new-borns at the bottom end of the birth weight distribution.

A limitation of this study was the non-randomized roll-out of the health insurance component of the

KSHI programme. The women who were offered the health insurance and took it were likely different

in observed and unobserved ways from those who were offered the insurance and did not take it. Indeed,

there appeared to be some selection bias in insurance enrolment as women who were insured during

pregnancy were more often higher educated and were more often living with a higher educated spouse.

However, the results of the Hausman test suggested that selection bias did not result in a biased insurance

estimate and that the OLS estimate is preferred, as it is more efficient. Note that the First-stage F-statistic

was greater than 10, suggesting that the instrument was strong [15] (Table 3.3). Unfortunately, it was

not possible to test the validity of the instrument, but we did show that the timing of pregnancy was

uncorrelated with the start of insurance contracts purchased before the initiation of pregnancy (Table

3.4).

Another limitation of this study was the small sample size, as a result of losing half of the sample

due to missing birth weights. However, the women with measured birth weight were comparable to the

women without measured birth weight based on observed characteristics, except for recruitment date. We

do not know why women who were recruited at a later gestational age had more often an observed birth

weight but we postulate that commitment to the MACHS was strongest just after recruitment and being

recruited closer to delivery then might result in a higher probability of calling the MACHS interviewer

after birth.
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Abstract

Background: A health system intervention was introduced in rural Nigeria consisting of both voluntary

private health insurance and upgrading of quality of care offered by healthcare facilities. We investigated

its effect on nutritional status of children during 2 years of follow-up.

Methods: A dynamic panel data approach was used to estimate the effects of health insurance enrolment

and healthcare utilisation on outcome among acutely and chronically malnourished children and children

with a healthy nutritional status. The approach eliminates the bias introduced by self-selection into

(or out of) insurance. The primary and secondary outcome were weight-for-height z-score (WHZ)

and height-for-age z-score (WAZ), respectively. Data were collected in seven 4-monthly survey visits

conducted between December 2010 and March 2013. Eligible children younger than 5 years of age

(n = 840) were prospectively identified and recruited from 900 randomly selected households. The

analysis included 717 children, of which 154 were diagnosed with wasting (WHZ < −2) and 274 with

stunting (HAZ <−2) during the study period.

Findings: Health insurance enrolment improved the WHZ of wasted children by 0.81 SD (95%CI:

0.18–1.44; P = 0.01) and the HAZ of stunted children below the age of 2 years by 0.48 SD (95%CI:

0.11–0.85; P = 0.01) during a 2-year period. Healthcare utilisation (mostly in programme hospitals)

improved the WHZ of wasted children by 0.23 SD (95%CI: 0.01–0.44; P = 0.04), but did not impact the

HAZ of stunted children. We did not find any impact of insurance enrolment and healthcare utilisation

among children with a healthy nutritional status.

Conclusions: This is the first study that shows that a health system intervention can be a highly effective

strategy to improve the nutritional status, and thus health status, of acutely and chronically malnourished

children in a resource poor setting.
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Key Messages

• Health insurance enrolment and utilisation of improved quality healthcare independently

ameliorated the nutritional status of acutely malnourished children.

• The timing of enrolment in the health insurance scheme, i.e. before the age of 2 years, was

important to ameliorate chronic malnutrition.

• Advising the mother of an ill or malnourished child to take her child to a hospital (study

effect) independently ameliorated the nutritional status of acutely malnourished children, as

well.

Introduction

Undernutrition is associated with poor child health and with almost 50% of all under-5-year-old child

deaths [1, 2]. Moreover, recent advances across multiple disciplines demonstrated negative effects

of early malnutrition on the development of neural pathways in the brain responsible for the child’s

neuro-motor and cognitive abilities [3]. Hence, improving nutrition during early childhood may have a

lasting impact on children’s future educational abilities and earning capacity and, in the long run, on the

development of their communities and countries [4–12]. However, in developing countries more than

200 million children younger than 5 years are at risk of developmental delay due to malnutrition [13].

Around 16 million of these children live in Nigeria [13].

Health insurance can protect households from catastrophic out-of-pocket healthcare expenditures

and income loss, which, in turn, may result in more resources being available for food, contributing

to improved nutritional status and health [14]. In addition, health insurance provides access to quality

healthcare and can reduce the delay in treatment of diseases, further contributing to better health [15].

In a public-private partnership, the Kwara State Health Insurance (KSHI) programme was introduced

to improve access to affordable quality healthcare for the population of rural Kwara State. The

programme combines improvement of quality of care offered by hospitals (supply side) with provision of

subsidized low-cost private health insurance (demand side). Whereas previously the cost-effectiveness

and positive impact on hospital deliveries of this health system intervention were established [16, 17],

with this study we have evaluated the effects of health insurance enrolment and healthcare utilisation on

nutritional status of under-5-year-old children living in rural Kwara State, Nigeria.

Methods

Study setting

Kwara State is situated in the north central region of Nigeria. This state has a population of ∼2.5 million,

of which ∼20% are under 5 years of age [18]. The 2013 Nigerian demographic health survey reported

that 6.5% of under-5-year-olds in Kwara State were wasted (acutely malnourished) and 27.1% were

stunted (chronically malnourished) and that children in rural areas were more likely to be wasted and

stunted than children in urban areas, using World Health Organization growth standards [19, 20].
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Intervention

The KSHI programme was launched in the Asa Local Government Area in Kwara State, Nigeria (the

programme area) in July 2009. Enrolment in the health insurance scheme was voluntary, on an individual

basis, and was valid for one year. Active re-enrolment was required after each year. At the time of

this study, the annual insurance premium was ∼US$2.4 per person per year. The insurance package

provided coverage for primary and secondary healthcare services, including antenatal care, vaginal and

caesarean delivery, neonatal care, immunizations, radiological and more complex laboratory diagnostic

tests, hospital admissions for various diseases, minor and intermediate surgery, and annual check-ups.

Quality and efficiency of healthcare were monitored through independent audits by an international

quality improvement and assessment body called SafeCare [21]. Prior to enrolment in the KSHI

programme, a baseline assessment of the hospital was conducted and a quality improvement plan was

formulated. Quality improvement interventions included implementation of treatment guidelines and

protocols for waste management and hospital infection control, training of staff in guideline-based

care and adequate medical file keeping, hospital renovation, upgrading of laboratory equipment, and

training of laboratory staff in basic laboratory testing and assurance of continuous essential drug supplies.

The quality improvement plans were implemented with technical and financial support from a health

maintenance organization. Progress on quality improvement were monitored through annual follow-up

assessments with the SafeCare Quality Standards. The KSHI programme is described in more detail

elsewhere [17, 22, 23].

Study design and data collection

In the present Maternal and Child Health Study (MACHS), 840 children under the age of 5 years were

prospectively identified and recruited from 900 randomly selected households from the programme area

that were included in another study that analysed the effect of the KSHI programme on healthcare

utilisation and financial protection in the overall population [22].

Sample size calculations were based on the observed pre-intervention weight-for-height z-score of

-0.48 (SD = 1.50) (data collected in May 2009 among under-5-year-olds living in the 900 households).

The 840 children would provide 80% power to detect an increase of 0.30 in the weight-for-height z-score

using a two-tailed test and a significance level of 0.05.

Inclusion criteria for children in the MACHS were age younger than 5 years at the time of recruitment

and living in one of the 1500 households. Data collection followed the following steps: recruitment/first

visit (December 2010–March 2011) and six 4-monthly follow-up visit(s) (April 2011–March 2013).

Children were included in the surveys after written informed consent was obtained from the primary

caregiver of the child.

Interviews were done with the primary caregiver of the child to obtain detailed information on the

child’s health, healthcare utilisation, and health insurance status during the 4 months prior to the survey

interview. In addition, trained nurses carried out a health and anthropometric examination of the child

during each survey visit. Socio-demographic and socio-economic characteristics of both the child and

the caregivers were obtained during recruitment only.

If a child was found to be seriously ill or malnourished during the health and anthropometric

examination, then the caregiver was advised to take this child to a hospital (study referral effect).
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Moreover, nurses informed caregivers of uninsured children that they could enroll their child in the

KSHI health insurance scheme (insurance benefits were immediately available after enrolment).

Ethical clearance

The study protocol was approved by the Ethical Review Committee of the University of Ilorin Teaching

Hospital in Nigeria (04/08/2008, UITH/CAT/189/11/782).

Outcomes

The primary and secondary outcomes were the weight-for-height z-score (WHZ) and height-for-age

z-score (HAZ). The z-scores were calculated based on the WHO growth standards for children younger

than 2 years and based on the CDC growth standards for children aged 2 years and older [24, 25].

Biologically implausible z-scores were set to missing [i.e. Z < −4, Z > 4, or an increase (decrease)

in Z of more than 1 SD, directly followed by a decrease (increase) in Z of more than 1 SD].

Statistical analysis

The effect of being enrolled in the KSHI health insurance scheme on nutritional status was measured

by using dynamic panel data analysis [26–28]. Insured children differed in observed (and likely in

unobserved) ways from uninsured children. Especially, malnourished children were more likely to be

enrolled causing selection bias. Not accounting for this selection bias underestimates the insurance

effect (see Supplementary Data Chapter 4 for a derivation of the direction of this bias). A dynamic panel

data approach can eliminate the bias introduced by self-selection into (or out of) insurance. The effect

of healthcare utilisation (assessed by the number of hospital visits) and the study referral effect were

measured in the dynamic panel data analysis, as well.

Children were grouped into wasting (WHZ < −2) and not wasting (WHZ ≥ −2) to measure

the insurance effect among both acutely malnourished children and children who were not acutely

malnourished. It was hypothesized that health insurance enrolment would improve the WHZ of acutely

malnourished children, whereas there would be no effect or only a small effect on the WHZ of children

who were not acutely malnourished. Similarly, children were grouped into stunting (HAZ < −2) and

not stunting (HAZ ≥−2), and stratified further by age at the time of the first MACHS survey visit (< 2

years vs ≥ 2 years), because we expected the timing of the introduction of the programme in relation to

the child’s age to be important to turn around effects of chronic malnutrition [29–31].

Dynamic panel data analysis

Let WHZit be the primary outcome of interest for child i at survey visit (time) t. The effect of health

insurance enrolment on nutritional status, among wasted and non-wasted children, was investigated by

employing the following empirical specification:

WHZit = αWHZi,t−1 +ρIit +ηIit ·Wit +φWit +X
′
itβ + εit (4.1)

where WHZit and WHZi,t−1 were the WHZ of child i at time t and t − 1, respectively, Iit is a dummy

variable that equals 1 if child i was enrolled in the KSHI insurance scheme at time t, Wit is a dummy
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variable that equals 1 if child i has been observed wasting any time up to time t, and Xit is a vector

of observed time-varying confounders and time-dummies. The effect of health insurance on nutritional

status is measured by ρ +η for wasted children and measured by ρ for children who were not wasted.

Note that over time, children could only be re-allocated from the non-wasting to the wasting subgroup

and not the other way around. Once a child was included in the wasting subgroup, it stayed in the wasting

subgroup throughout the remaining time points, irrespective of its WHZs at these time points. This made

it possible to analyse changes in WHZ over time as a result of health insurance enrolment among wasting

and non-wasting children, where children did not have to be wasting form the start, but could become

wasting at any time point during the 2-year study period.

Confounding variables related to nutritional status were defined a priori. Maternal age, use of

bed-nets, the number of times the child visited a (programme) hospital between consecutive survey visits,

whether the child was referred to a (programme) hospital by the nurse during the previous survey visit,

and whether the household suffered a financial strain between consecutive survey visits were included

as time-varying variables. Time dummies were included to account for time-specific effects, such as

droughts. Time-constant variables included gender of the child, education of the caregivers, employment

of the caregivers, religion, and ethnicity.

The error term in equation (4.1) can be decomposed as follows:

εit = µi +νit (4.2)

where µi is a child-specific fixed effect that captures observed and unobserved time-invariant factors

(mostly genetic factors) and νit is a child-specific time-varying component of the error term that captures

other unobserved factors affecting the child’s nutritional status.

A standard way of controlling for individual-specific effects is to take first differences. Arellano

and Bond developed a Generalized Method of Moments (GMM) estimator to equation (4.1) in first

differences so that we have:

∆WHZit = α∆WHZi,t−1 +ρ∆Iit +η∆(Iit ·Wit)+φ∆Wit +∆X
′
itβ +∆νit (4.3)

where the individual-specific effects are eliminated [26].

Simple OLS estimation of this dynamic model will lead to biased results, because WHZi,t−1

in ∆WHZi,t−1 = WHZi,t−1 −WHZi,t−2 correlates with νi,t−1 in ∆νit = νit − νi,t−1. Moreover, other

predetermined variables (i.e. healthcare utilisation) become endogenous in the same way and still other

variables may be endogenous from the start (health insurance status, being in the wasting subgroup,

and the interaction-term). However, lags of WHZit at least two periods away (WHZi,t−2,WHZi,t−3, ...)

are predetermined and can provide internal instruments, provided that there is no serial correlation in

the original errors εit [26]. Similar moment conditions can be constructed for other endogenous or

predetermined variables.

Additional moment conditions are available for the model in levels [equation (4.1)] when mean

stationarity holds. We experimented with moment conditions that are valid under the additional

assumption of mean stationarity, but these were rejected by the data.

The time-dummies, maternal age, bed-net, financial shock, and being previously referred to a

(programme) hospital during the health and anthropometric examination were considered strictly
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exogenous. The assumption of strict exogeneity seems too strong for the number of hospital visits,

thus this variable is taken to be predetermined, just like the first lag of WHZ. Health insurance status,

being in the wasting subgroup, and the interaction-term may be simultaneously determined with WHZ

and thus are taken to be endogenous.

By taking first differences, the analysis automatically controlled for all observed and unobserved

time-constant factors (such as genetic factors, gender of the child, education of the caregivers,

employment status of the caregivers, religion, and ethnicity).

As the dynamic panel data analysis required at least three observation per child only children with at

least three time points were included.

Even though the sample size is relatively large (717 children in total), using a large collection of

instruments can cause several problems in finite samples (introduce bias and weaken post estimation

tests) [32]. Therefore, the number of instruments was by using collapsed moment conditions [33]. In

addition, the robustness of the results was tested by dropping the number of instruments further manually.

It has been shown that the two-step estimates of the GMM difference and GMM system standard

errors have a downward bias. Therefore, we apply the finite-sample correction for the asymptotic

variance of the two-step GMM estimator [34]. Subsequently, the 95% confidence interval of the

insurance effect among wasted children (i.e. for ρ + η) was calculated by the delta method after

estimation. Finally, we adjusted for clustering within compounds (living areas that house on average

four households).

We tested whether the test of over-identifying restrictions (Hansen test) as well as tests of exogeneity

of instrument subsets do not reject the null hypothesis that the instruments are exogenous [26–28, 35].

In addition, we test for auto-correlation of order 2 in first differences. Absence of higher order

auto-correlation is evidence of instrument validity [26].

In sensitivity analysis, we investigated the effect of treating health insurance as exogenous by

estimating equation (4.3) with least squares hence ignoring selection bias and other endogeneity

concerns. We expected an underestimated effect of health insurance enrolment on WHZ among wasted

children (see Supplementary Data Chapter 4). In further sensitivity analysis, the children who died during

the study period were included by setting their WHZ after death to −5 manually. The lagged HAZ was

added to the confounder list in another sensitivity analysis.

The effect of health insurance enrolment on nutritional status, among stunted and non-stunted

children, was investigated in a similar fashion where equation (4.3) was re-estimated, by first replacing

WHZit (and WHZi,t−1) with the secondary outcome of interest HAZit (and HAZi,t−1) and by replacing

Wit with a dummy Sit that equals 1 if child i has been observed stunting at any time up to time t:

∆HAZit = α∆HAZi,t−1 +ρ∆Iit +η∆(Iit ·Sit)+φ∆Sit +∆X
′
itβ +∆νit (4.4)

Data were analysed using STATA, version 15.0 (StataCorp LP, TX, USA).

55



All children
(N = 717)

Outcomes
WHZ, mean (SD) (n = 643)a −0.50 (1.12)
HAZ, mean (SD) (n = 643)a −1.09 (1.31)
Socio–demographic
Female, n (%) 362 (50.5)
Age child (month), mean (SD) 28.6 (17.8)
Age mother (years), mean (SD) 29.5 (7.4)
# of siblings, mean (SD) 3.1 (1.8)
Islam, n (%) 675 (94.1)
Yoruba, n (%) 624 (87.0)
Socio–economic
Sleeps under bed-net, n (%) 327 (45.6)
Educational level mother, n (%)

None 271 (37.8)
Primary 282 (39.3)
Secondary 134 (18.7)
Tertiary 30 (4.2)

Educational level father, n (%)
None 151 (21.1)
Primary 254 (35.4)
Secondary 216 (30.1)
Tertiary 96 (13.4)

Employment status mother, n (%)
Unemployed 56 (7.8)
Self employed 626 (87.3)
Wage employed 35 (4.9)

Employment status father, n (%)
Unemployed 21 (2.9)
Self employed 532 (74.2)
Wage employed 164 (22.9)

Any financial strains during the past year, n (%) 75 (10.5)
# of meals with fish or meat in the past month, mean (SD) 23.4 (12.3)
Any hospital admissions since birth, n (%) 29 (4.0)
Insured, n (%) 166 (23.2)
Ever insuredb, n (%) 312 (43.5)
Physical examination
Referred to hospital as a result of the health and anthropometric examination by the nurse, n (%) 134 (18.7)

Table 4.1: Characteristics of children during the first survey visit (2010)
Maternal and Child Health Study (MACHS) survey visit 1. # = number. Data are number (%) of children or mean (SD).
aBiologically implausible z-scores were set to missing. bEnrolled in the KSHI health insurance scheme at least once since the
insurance was introduced.

Results

Participants

Of the 840 sampled MACHS children, 97.4% (818 out of 840) were surveyed, 87.7% (717 out of 818)

were included in the analysis, and 12.3% (101 out of 818) were excluded. Children were excluded from

the analysis since they died during follow-up (n = 13), took park in less than three survey visits due to
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loss of follow-up (n = 87), or withdrawn consent (n = 1). Children who were excluded from the analysis

were similar to the analysed children in terms of most characteristics as observed during the first survey

visit, but were less often ethnically Yoruba (P < 0.001) and had more often a lower educated father

(P = 0.003) (Table S4.1).

Included children were observed at on average 6.5 survey visits. At the time of the first survey visit,

of the 717 children 45.6% slept under a bed-net, 37.8% were living with a mother without any education,

7.8% had an unemployed mother, 10.5% lived in households that suffered financial strains during the past

year, 4.0% were admitted to a hospital at least once since birth, and 18.7% were referred to a hospital as

a result of the health and anthropometric examination (Table 4.1). In addition, children had on average

3.1 siblings and 23.4 meals with fish or meat in the past month.

Weight-for-height and height-for-age

Over time, both the WHZ and HAZ distribution were mostly stable from the 25th percentile onwards,

whereas small increases were seen at the 5th and 10th percentile [Figure 4.1:(a) and Figure 4.2:(a)]. The

prevalence of wasting was 10.0% at the first survey visits and 7.2% at the last survey visit, and for

stunting these prevalences were 22.9% and 21.3%, respectively.

Among children in the wasting subgroup, the cumulative change in their WHZ over time showed

a steady upward trend, resulting in a 0.46 SD increase in total after 2 years [Figure 4.1:(b)]. The

cumulative change in WHZ among children in the non-wasting subgroup was 0 SD in total after 2

years. Among children in the stunting subgroup, the cumulative change in their HAZ over time was 0.29

SD, but an upward trend in HAZ was only observed after one year [Figure 4.2:(b)]. Among children

in the non-stunting subgroup, the cumulative change in their HAZ over time showed a downward trend,

resulting in a 0.21 SD decrease in total after 2 years. At the time of the first survey visits, 3.0% of the

children were both in the wasting and stunting subgroup and this was 10% at the time of the last visit.

Insurance enrolment, healthcare utilisation, and study referral(s)

At each survey visit on average 18.5% of children were insured (probability), and at the time of the last

survey visit 60.8% had been enrolled at least once (cumulative probability) (Table 4.2). Between two

consecutive surveys, on average 21.5% of children visited a hospital, of which 71% visited a programme

hospital. At the time of the last survey visit, 63.0% of children had made at least one hospital visit.

During each survey visit on average 22.6% of children were referred to a hospital after their health and

anthropometric examination by the nurse and at the time of the last survey visit 72.9% had been referred

to a hospital at least once.

Children who had been enrolled in the health insurance at least once had a higher HAZ at the time

of the last survey visit (P < 0.001), were more often ethnically Yoruba (P < 0.001), had higher educated

mothers (P < 0.001), higher educated fathers (P < 0.001), were more often living in families with a

wage employed mother (P = 0.002), were more often living in families with a wage employed father

(P < 0.001), had more meals with fish or meat per month (P < 0.001), and had higher healthcare

utilisation (P < 0.001), than children who had never been enrolled at the time of the last survey visit

(Table 4.3).

Being referred to a hospital during the survey visit increased the probability of being insured during
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(b) Cumulative changes in weight-for-height over time, by subgroup (wasting vs non-wasting)

Wasting (W)a

Non-wasting (NW)b

Figure 4.1: Trends and cumulative changes in primary outcome over time (N = 717)
Source/Notes: Maternal and Child Health Study (MACHS) survey visit 1 to 7. WHZ = weight-for-height z-score. ∆WHZ = the
change between two consecutive WHZs (WHZit −WHZi,t−1). aChildren in the wasting subgroup have been observed wasting
at any time up to the respective MACHS survey visit, i.e. once children were included in the wasting subgroup they remained
in the wasting subgroup (irrespective of future WHZs). bChildren in the non-wasting subgroup have not been observed wasting
at any time up to the respective MACHS survey visit. Depending on their WHZ at future survey visits they either stay in the
non-wasting subgroup (if WHZ >−2) or move to the wasting subgroup (if WHZ <−2).

the next survey visit (P < 0.001) (conditional probability), as opposed to not being referred (Table 4.2).

In addition, being both referred to a hospital and being insured during the next survey visit increased the

probability of healthcare utilisation between the two survey visits (P < 0.001), as opposed to not being

referred or being uninsured.
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(b) Cumulative changes in height-for-age over time, by subgroup (stunting vs non-stunting)
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Figure 4.2: Trends and cumulative changes in secondary outcome over time (N = 717).
Source/Notes: Maternal and Child Health Study (MACHS) survey visit 1 to 7 HAZ = height-for-age z-score. ∆HAZ = the
change between two consecutive HAZs (HAZit −HAZi,t−1). aChildren in the stunting subgroup have been observed stunting at
any time up to the respective MACHS survey visit, i.e. once children were included in the stunting subgroup they remained in
the stunting subgroup (irrespective of future HAZs). bChildren in the non-stunting subgroup have not been observed stunting
at any time up to the respective MACHS survey visit. Depending on their HAZ at future survey visits they either stay in the
non-stunting subgroup (if HAZ >−2) or move to the stunting subgroup (if HAZ <−2).

Children who were wasted at the time of the first survey visit or became wasted during the 2 years

of follow-up were more often insured (P = 0.04), had higher healthcare utilisation (P < 0.001), and

were more often referred to a hospital during the health and anthropometric examination (P < 0.001),

compared to children who were never wasted during the study period (Table 4.2). Stunted children also
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All Non- Non-
children Wastinga wastingb P Stuntingc stuntingd P

Probability (%)
Insured 18.5 21.2 17.9 0.04 14.2 20.5 <0.001
Healthcare utilizatione 21.5 28.9 20.0 <0.001 21.1 21.7 0.66
Referred to hospital 22.6 30.6 21.1 <0.001 25.0 21.4 0.006
Cumulative probability (%)
Insured 60.8 62.3 60.4 0.66 52.9 65.7 0.001
Healthcare utilizatione 63.0 73.4 60.2 0.003 62.8 63.2 0.91
Referred to hospital 72.9 81.2 70.7 0.009 75.5 71.3 0.22
Conditional probability (%)
Insured given:
referred to hospitald 23.2 25.3 22.6 0.45 16.8 26.7 0.002
not referred 16.5 20.6 15.8 0.02 13.4 17.9 0.002
P <0.001 0.21 <0.001 0.15 <0.001
Healthcare utilizatione given:
referred to hospitalf 26.6 34.3 24.4 0.009 24.6 27.7 0.35
not referred 19.9 26.2 18.9 0.001 20.4 19.7 0.64
P <0.001 0.048 0.002 0.14 <0.001
Healthcare utilizatione given:
insured 38.1 43.9 36.7 0.12 43.8 36.1 0.07
uninsured 18.0 24.9 16.6 <0.001 17.5 18.2 0.61
P <0.001 <0.001 <0.001 <0.001 <0.001
Healthcare utilizatione given:
insured & referred to hospitalf 42.9 51.1 40.1 0.2 46.8 41.5 0.53
insured & not referred 35.4 40.5 34.3 0.29 43.0 32.7 0.04
uninsured & referred to hospitalf 21.7 28.6 19.8 0.03 20.2 22.7 0.46
uninsured & not referred 16.9 22.5 16.0 0.003 17.0 16.8 0.93
P <0.001 <0.001 <0.001 <0.001 <0.001

Table 4.2: Probabilities of health insurance enrolment, healthcare utilization, and study referrals
Source/Notes: Maternal and Child Health Study (MACHS) survey visit 1 to 7. Data are aggregated probabilities (%), aggregated
cumulative probabilities (%), or aggregated conditional probabilities (%) over time. aAt each time point, probabilities were
calculated conditional on being in the wasting subgroup at that time point, where children in the wasting subgroup have
been observed wasting (WHZ < −2) at any time up to that time point. Subsequently probabilities were aggregated over
all time points. bAt each time point, probabilities were calculated conditional on being in the non-wasting subgroup at that
time point, where children in the non-wasting subgroup have not been observed wasting at any time up to that time point.
Subsequently probabilities were aggregated over all time points. cAt each time point, probabilities were calculated conditional
on being in the stunting subgroup at that time point, where children in the stunting subgroup have been observed stunting
(HAZ <−2) at any time up to that time point. Subsequently probabilities were aggregated over all time points. dAt each time
point, probabilities were calculated conditional on being in the non-stunting subgroup at that time point, where children in
the non-stunting subgroup have not been observed stunting at any time up to that time point. Subsequently probabilities were
aggregated over all time points. eHealthcare utilization between two consecutive survey visits. fReferred to a hospital during
the previous survey visit, as a result of the health and anthropometric examination by the nurse.

were more often referred to a hospital (P = 0.006), but had lower insurance enrolment rates (P < 0.001),

compared to children who were never stunted.

Insurance effect of the KSHI programme

Health insurance enrolment was independently associated with an increase in the WHZ of wasted

children of 0.81 SD (95%CI: 0.18–1.44; P = 0.01) during a 2-year period (Table 4.4). In addition,

health insurance enrolment also improved the HAZ of stunted children, but only of those younger than 2
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Insureda Never insured
(n = 436) (n = 281) P

Outcomes
WHZ, mean (SD) −0.50 (1.04) −0.39 (1.06) 0.15
HAZ, mean (SD) −1.06 (1.10) −1.43 (1.18) <0.001
Socio–demographic
Female, n (%) 215 (49.3) 147 (52.3) 0.43
Age child (month), mean (SD) 52.5 (17.5) 51.1 (19.3) 0.34
Age mother (years), mean (SD) 31.8 (7.5) 30.9 (7.3) 0.1
# of siblings, mean (SD) 3.1 (1.9) 3.1 (1.8) 0.62
Islam, n (%) 415 (95.2) 260 (92.5) 0.14
Yoruba, n (%) 407 (93.4) 217 (77.2) <0.001
Socio–economic
Sleeps under bed-net, n (%) 385 (88.3) 259 (92.2) 0.1
Educational level mother, n (%)

None 125 (28.7) 146 (52.0)
Primary 187 (42.9) 95 (33.8)
Secondary 96 (22.0) 38 (13.5)
Tertiary 28 (6.4) 2 (0.7) <0.001

Educational level father, n (%)
None 64 (14.7) 87 (31.0)
Primary 143 (32.8) 111 (39.5)
Secondary 144 (33.0) 72 (25.6)
Tertiary 85 (19.5) 11 (3.9) <0.001

Employment status mother, n (%)
Unemployed 35 (8.0) 21 (7.5)
Self employed 370 (84.9) 256 (91.1)
Wage employed 31 (7.1) 4 (1.4) 0.002

Employment status father, n (%)
Unemployed 18 (4.1) 3 (1.1)
Self employed 286 (65.6) 246 (87.5)
Wage employed 132 (30.3) 32 (11.4) <0.001

Total # of financial strains during the 2 years of follow-up, mean (SD) 0.3 (0.6) 0.4 (0.7) 0.72
# of meals with fish or meat in the past month, mean (SD) 30.4 (1.3) 29.9 (2.8) 0.001
Total # of hospital visits during the 2 years of follow-up, mean (SD) 2.1 (2.3) 1.1 (1.7) <0.001
Physical examination
Total # of study referrals during the 2 years of follow-up, mean (SD) 1.6 (1.4) 1.4 (1.4) 0.16

Table 4.3: Characteristics of children during the last survey visit, by their insurance status (insured/never insured) at
the time of the last survey visit (2013)
Source/Notes: Maternal and Child Health Study (MACHS) survey visit 7. # = number. Data are number (%) of children or
mean (SD). aEnrolled in the KSHI health insurance scheme at least once since the insurance was introduced.

years (0.48 SD; 95%CI: 0.11–0.85; P = 0.01) (Table 4.4). We did not find measurable effects of health

insurance enrolment on the WHZ and HAZ of children with a healthy nutritional status.

Including the 13 children who died in a sensitivity analysis, by setting their WHZ after death to -5

manually, produced similar results with an increase in the WHZ of wasted children of 0.84 SD (95%CI:

0.21–1.47; P= 0.009). Adding the lagged HAZ to the confounder list in an additional sensitivity analysis

also yielded corroborating results (0.77 SD; 95%CI: 0.08–1.46; P = 0.028). In further sensitivity

analysis, where we did not control for self-selection into the insurance scheme, the insurance effect

among wasted children was indeed biased towards zero (0.03 SD; 95%CI: −0.13 to +0.18; P = 0.71).
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Outcome: WHZ Non-
Estimated equation: (4.3) Wasting wasting
All children (N = 717) Effect (ρ +η) (95% CI) P Effect (ρ) (95% CI) P

Insured 0.81 (0.18–1.44) 0.01 −0.17 (−0.46 to +0.12) 0.26
Healthcare utilizationa 0.23 (0.01–0.44) 0.04 0.11 (−0.04 to +0.26) 0.15
Referred to hospital (lagged)b,d 0.29 (−0.68 to +1.26) 0.56 0.06 (−0.18 to +0.30) 0.62
# Study referrals (cumulative)c,d 0.26 (0.05–0.46) 0.02 0.10 (−0.01 to +0.22) 0.07

Outcome: HAZ Non-
Estimated equation: (4.5) Stunting stunting
Children < 2 yearse (N = 308) Effect (ρ +η) (95% CI) P Effect (ρ) (95% CI) P

Insured 0.48 (0.11–0.85) 0.01 −0.25 (−0.61 to +0.11) 0.18
Healthcare utilizationa −0.06 (−0.23 to +0.12) 0.54 −0.04 (−0.42 to +0.34) 0.83
Referred to hospital (lagged)b 0.06 (−0.45 to +0.58) 0.81 −0.04 (−0.33 to +0.24) 0.76

Outcome: HAZ Non-
Estimated equation: (4.5) Stunting stunting
Children ≥ 2 yearse (N = 409) Effect (ρ +η) (95% CI) P Effect (ρ) (95% CI) P

Insured −0.01 (−0.37 to +0.34) 0.94 0.09 (−0.03 to +0.21) 0.16
Healthcare utilizationa 0.09 (−0.03 to +0.22) 0.14 −0.02 (−0.09 to +0.04) 0.53
Referred to hospital (lagged)b 0.22 (−0.14 to +0.59) 0.24 −0.17 (−0.39 to +0.05) 0.13

Table 4.4: Estimated effects of health insurance enrolment, healthcare utilization, and study referrals on outcomes
during 2 years of follow–up (December 2010–March 2013)
Source/Notes: Maternal and Child Health Study (MACHS) survey visit 1 to 7. # = number. In all dynamic panel data
models, we adjusted for unobserved time-constant factors and the following observed time-varying confounders: child age,
maternal age, use of bed-nets, and whether the family suffered a financial strain. 95% CI are based on Windmeijer–corrected
standard errors [34]. S.E.s and P-values were additionally adjusted for clustering within compound. aNumber of hospital visits.
bReferred to a hospital during the previous survey visit. cNumber of study referrals up to and including the previous survey
visit. dTo estimate the effect of study referrals on WHZ we estimated the model in equation (4.3) twice, once by including
referred to a hospital during the previous visits (i.e. lagged) and once by including the number of study referrals up to and
including the previous survey visit (i.e. cumulative). eAt the time of the first survey visit.

Effect of healthcare utilisation

Healthcare utilisation was independently associated with a significant increase in the WHZ of wasted

children of 0.23 SD (95%CI: 0.01–0.44; P = 0.04) during a 2-year period (Table 4.4). We did not find

an effect of healthcare utilisation on the HAZ.

Effect of study referrals

Being referred to a hospital during a previous survey visit did not have a significant effect on the WHZ

of wasted children (0.29 SD; 95%CI: −0.68 to +1.26; P = 0.56) (Table 4.4). However, the cumulative

number of study referrals during previous survey visits was associated with an increase in the WHZ of

wasted children (0.26 SD; 95%CI: 0.05–0.46; P = 0.02). We did not find an effect of study referrals on

the HAZ.

Discussion

Provision of health insurance combined with improved quality of healthcare was associated with

significant improvements in the nutritional status of acutely and chronically malnourished children in
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rural Kwara State, Nigeria. Being insured improved the WHZ of wasted children by 0.81 SD and the

HAZ of stunted children below the age of 2 years by 0.48 SD during a 2-year period. In addition,

healthcare utilisation (mostly in programme hospitals) improved the WHZ of wasted children by 0.23

SD. These findings provide important evidence that a health system intervention can be effective in

improving nutritional status of malnourished children, providing an alternative to targeted interventions

that solely focus on feeding practices, such as supplementary feeding programmes or (conditional) cash

transfer programmes.

Undernutrition is associated with poor child health and accounts for 45% of all deaths in children

under 5 years of age globally [1,2]. Acute malnutrition is a stronger determinant of mortality than chronic

malnutrition [36] and the WHZ is the first to drop in children with poor health and diseases [37]. On the

other hand, estimates of associations between WHZ and child mortality in developing countries suggest

that a 1 SD increase in the WHZ from wasting (−3 <WHZ < −2) to non-wasting (−2 <WHZ < −1)

would decrease the hazard of dying from 3.47 to 1.61 [36]. Moreover, a 1 SD increase in the WHZ from

severely wasting (−4 <WHZ <−3) to wasting (−3 <WHZ <−2) would decrease the hazard of dying

from 14.20 to 3.47.

Chronic malnutrition at a young age is associated with, and likely partly causes, shorter adult

height, reduced educational attainment, and lower wealth status [8, 38, 39]. Estimates from low- and

middle-income countries suggest that a 1 SD increase in HAZ at age 2 corresponds with a 3.2 cm increase

in adult height, a 0.5 years increase in achieved schooling, a 0.78 grades increase in schooling, higher

reading and nonverbal cognitive test scores (0.28 SD and 0.25 SD, respectively), an 8% increase in adult

income, a 21% in expenditure, a 0.27 increase in household assets, and a 10 percentage points lower

probability of living in poverty [38, 39]. In addition, for women, a 1 SD increase in HAZ was associated

with a 0.77 year higher age at first birth and a lower number of pregnancies and children (0.63 and 0.43,

respectively) [39].

Only four studies investigated the effect of health insurance enrolment on anthropometric outcomes

among children younger than 5 years in low- and middle-income countries [14, 40–42]. Three of these

studies used statistical methods that can establish a causal relationship [14,40,41]. Wagstaff and Pradhan

showed that Vietnam’s health insurance programme had a positive impact on the HAZ and weight-for-age

z-score of insured children [14]. Binahwaho et al. found a similar impact on the HAZ of insured children

aged 6 to 24 months in Rwanda [41]. Quimbo et al. showed that being insured reduced the likelihood

of wasting four to ten weeks after discharge among Philippine children who were admitted to a hospital

for a diagnosis of pneumonia or diarrhoea [40]. Finally, Lu et al. found that the risk of stunting was

significantly lower among insured children, but they did not control for selection bias into insurance [42].

In addition, a study by Ansah et al. investigated the effect of free healthcare on health outcomes in a

randomized controlled trial in Ghana [43]. This study did not find an impact of free healthcare on the

prevalence of wasting and stunting, but the follow-up period lasted only 24 weeks, which might be too

short to measure any impact on the prevalence. None of the health insurance programmes analysed in

these studies targeted both the demand and supply side simultaneously, although insurance programmes

aimed exclusively at the demand side are likely to have a lower impact compared to combined supply

and demand side programmes.

In line with findings of Wagstaff and Pradhan and Quimbo et al., we showed that health insurance

enrolment separately (i.e. not via healthcare utilisation) improved the nutritional status of malnourished
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children [14, 40]. The mechanism for this may be that health insurance prevents families from

catastrophic out-of-pocket health expenditures, which, in turn, safeguards food consumption and

outpatient medical care consumption not covered by health insurance. Indeed, other studies on the

KSHI programme have shown that the scheme is efficient in reducing catastrophic health spending [22].

Moreover, a financial and health diaries study among the same population showed that a health shock

in one week resulted in a 25% decrease in food consumption the week after among the uninsured [44].

In addition, health insurance can lower the threshold to seek healthcare (especially in combination with

improved quality of healthcare), such that diseases are treated at an early stage, before they may become

chronic or severe. However, the insurance effect among stunted children was limited to children younger

than 2 years. This observation indicates that the timing of the intervention is also important, i.e. after

a certain age health insurance cannot turn around chronic malnutrition, although the intervention is

effective in turning around acute malnutrition at all ages studied.

The strength of our study is that it quantified the impact of a health system intervention addressing

both the supply and demand side of healthcare simultaneously. Common sense indicates that health

insurance programmes aimed exclusively at the demand side are likely to have a lower impact, compared

to combined supply and demand side programmes.

Another strength of this study is that it took impact heterogeneity into account. While estimating how

health insurance programmes ‘on average’ impact nutritional status is intuitive and useful, we showed

that the impact was high for malnourished children, while there were no benefits for children with a

healthy nutritional status. This demonstrates that the KSHI programme was able to reach the most

vulnerable group of children, who needed care most.

A limitation of this study was advising the mother of an ill or malnourished child to take her

child to a hospital (study referrals), which did have a positive effect on the WHZ, as well, but only

cumulatively, that is after several referrals. We considered it unethical not to refer these children to a

hospital and instead chose to model the effect of the study referrals in the dynamic panel data analysis, as

well, eliminating any bias that these referrals could introduce in the estimated insurance and healthcare

utilisation effects.

Another limitation was the non-randomized assignment of the health insurance component of the

KSHI programme. Because of the complexity and multi-stakeholder nature, as well as for ethical

considerations, health insurance can be rolled out in a (cluster) randomized fashion in very few

settings. We employed an alternative approach to eliminate selection bias by analysing the data using

dynamic panel data analysis, which estimated the separate effects of health insurance enrolment and

healthcare utilisation. These separate effects unravel the mechanisms at work and hence provide a better

understanding of how a health system intervention achieves its impact. This is useful to policymakers

and funders who are interested in how impact can be achieved.

The findings suggest that there was self-selection into the health insurance scheme, in particular

among acutely malnourished children. We provided empirical evidence for the direction of the bias and

confirmed in sensitivity analysis that not controlling for selection into the health insurance scheme indeed

resulted in an underestimated insurance effect among wasted children.
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Conclusion

This is the first study that shows that a health system intervention, addressing both the demand and supply

side, can be a highly effective (and cost-effective) strategy to improve the nutritional and health status of

acutely and chronically malnourished children in a resource poor setting, thus providing an alternative

to targeted interventions solely focused on feeding practices. However, timing of the intervention (i.e.

below the age of 2 years) is important to reverse chronic malnutrition. Future studies should indicate

whether these findings may also result in lower morbidity and mortality and an improvement in health of

the general population.
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Supplementary Data Chapter 4

Direction of the bias in the insurance effect

A typical regression specification can be expressed as:

WHZ = ρI +ηI ·W +φW + ε, (4.5)

where we abstain from short-run dynamics and confounding variables. In this simplified set up there is a

different causal relation between health insurance (I) and nutritional status (WHZ) for wasting children

(W = 1) and non-wasting children (W = 0). We expect ρ � 0 for non-wasting children, but η > 0 for

wasting children. Indeed we find GMM estimates of equation (4.3) indicating that η > 0, whereas not

controlling for selection bias by estimating the fixed effects OLS estimate of equation (4.3) gives an

estimate of η close to zero. This suggest a downward bias for OLS.

Let us consider the relation for wasting children only (for ease of exposition, we suppress the

constant):

WHZ = γI + ε, (4.6)

with γ = ρ +η . Assume that there is simultaneity and the reverse causal relation is:

I = δWHZ +ν . (4.7)

The reduced from for health insurance is:

I =
1

1−δγ
(δε +ν), (4.8)

hence we get:

Cov(I,ε) =
δ

1−δγ
Var(ε) (4.9)

where, for ease of exposition, we assumed Cov(ε,ν) = 0. We expect γ > 0 and also δ < 0, i.e. worse

nutritional status is an incentive for taking up health insurance. Therefore we have:

Cov(I,ε)< 0, (4.10)

and indeed OLS will give a downward bias of the insurance effect in equation (4.3) [and in equation

(4.1)].
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Supplementary Table Chapter 4

Analysed Excluded
(n = 717) (n = 101) P

Outcomes
WHZ, mean (SD) -0.50 (1.12) -0.55 (1.64) 0.70
HAZ, mean (SD) -1.09 (1.32) -1.09 (1.43) 0.98
Socio–demographic
Female, n (%) 362 (50.5) 46 (45.5) 0.35
Age child (month), mean (SD) 28.6 (17.8) 26.5 (17.4) 0.27
Age mother (years), mean (SD) 29.5 (7.4) 29.7 (7.9) 0.81
# of siblings, mean (SD) 3.1 (1.8) 3.0 (1.8) 0.77
Islam, n (%) 675 (94.1) 91 (90.1) 0.12
Yoruba, n (%) 642 (87.0) 72 (71.3) <0.001
Socio–economic
Sleeps under bed-net, n (%) 327 (45.6) 47 (46.5) 0.86
Educational level mother, n (%)

None 271 (37.8) 51 (50.5)
Primary 282 (39.3) 35 (34.7)
Secondary 134 (18.7) 11 (10.9)
Tertiary 30 (4.2) 4 (4.0) 0.07

Educational level father, n (%)
None 151 (21.1) 38 (37.6)
Primary 254 (35.4) 27 (26.7)
Secondary 216 (30.1) 23 (22.8)
Tertiary 96 (13.4) 13 (12.9) 0.003

Employment status mother, n (%)
Unemployed 56 (7.8) 12 (12.0)a

Self employed 626 (87.3) 84 (84.0)a

Wage employed 35 (4.9) 4 (4.0)a 0.35
Employment status father, n (%)

Unemployed 21 (2.9) 3 (3.0)a

Self employed 532 (74.2) 82 (82.0)a

Wage employed 164 (22.9) 15 (15.0)a 0.20
Any financial strains during the past year, n (%) 75 (10.5) 10 (9.9) 0.86
# of meals with fish or meat in the past month, mean (SD) 23.4 (12.3) 22.5 (12.5) 0.53

Table S4.1: Characteristics of analysed and excluded children, as observed at the first survey visit
Source/Notes: Maternal and Child Health Study (MACHS) survey visit 1. # = number. Data are number (%) of children
or mean (SD). Excluded children died during follow-up or had taken part in less than three survey visits, because of lost to
follow-up owing to migration or withdrawn consent. aFor one child the employment status of the parents was missing.
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Abstract

Background: While the Nigerian government has made progress towards the Millennium Development

Goals, further investments are needed to achieve the targets of post-2015 Sustainable Development

Goals, including Universal Health Coverage. Economic evaluations of innovative interventions can

help inform investment decisions in resource-constrained settings. We aim to assess the cost and

cost-effectiveness of maternal care provided within the new Kwara State Health Insurance programme

(KSHI) in rural Nigeria.

Methods and Findings: We used a decision analytic model to simulate a cohort of pregnant women.

The primary outcome is the incremental cost effectiveness ratio (ICER) of the KSHI scenario compared

to the current standard of care. Intervention cost from a healthcare provider perspective included

service delivery costs and above-service level costs; these were evaluated in a participating hospital

and using financial records from the managing organisations, respectively. Standard of care costs from

a provider perspective were derived from the literature using an ingredient approach. We generated

95% credibility intervals around the primary outcome through probabilistic sensitivity analysis (PSA)

based on a Monte Carlo simulation. We conducted one-way sensitivity analyses across key model

parameters and assessed the sensitivity of our results to the performance of the base case separately

through a scenario analysis. Finally, we assessed the sustainability and feasibility of this programme’s

scale up within the State’s healthcare financing structure through a budget impact analysis. The KSHI

scenario results in a health benefit to patients at a higher cost compared to the base case. The mean

ICER (US$46.4/disability-adjusted life year averted) is considered very cost-effective compared to a

willingness-to-pay threshold of one gross domestic product per capita (Nigeria, US$ 2012, 2,730). Our

conclusion was robust to uncertainty in parameters estimates (PSA: median US$49.1, 95% credible

interval 21.9–152.3), during one-way sensitivity analyses, and when cost, quality, cost and utilisation

parameters of the base case scenario were changed. The sustainability of this programme’s scale up by

the State is dependent on further investments in healthcare.

Conclusions: This study provides evidence that the investment made by the KSHI programme in rural

Nigeria is likely to have been cost-effective; however, further healthcare investments are needed for this

programme to be successfully expanded within Kwara State. Policy makers should consider supporting

financial initiatives to reduce maternal mortality tackling both supply and demand issues in the access to

care.
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Introduction

In 2000, governments stated their commitment to Millennium Development Goal (MDG) 5 to reduce

the maternal mortality ratio by three quarters between 1990 and 2015 [1]. More recently, governments

reaffirmed their commitment to reducing maternal mortality with a proposed new target of fewer than

70 maternal deaths per 100,000 live births by 2030 and expanded the scope of the post-2015 Sustainable

Development Goal (SDG) 3 to include achieving Universal Health Coverage [2]. However, attaining

such targets will be challenging due to barriers in service utilisation and access to good quality care

in many settings. In 2010, it was estimated that Nigeria alone accounted for 14% of maternal deaths

worldwide [3]. With a national estimate of 224 deaths per 100,000 live births in 2013, a Nigerian woman

has, currently, a lifetime risk for maternal death of one in 79 [4]. While the Nigerian government is

making progress in improving maternal health, further investments might be needed to achieve MDG5

and to make progress towards SDG3.

Several key health interventions aim to improve both the quality of available healthcare services

and the demand for those services [5–15]. However, the uptake of evidence-based interventions to

reduce maternal mortality is limited by user acceptability and affordability factors [16–18], whereas

their implementation is limited by availability of resources and health system constraints [19].

The objectives of the Health Insurance Fund [20], funded by the Dutch Ministry of Foreign

Affairs, are to “1) increase access to quality basic healthcare for currently uninsured groups, mainly

through private health facilities; 2) evaluate different private healthcare delivery models based on

a demand-driven and results-oriented approach; 3) directly support Millennium Development Goals

(MDG) 1 and 6: reducing poverty and halting the spread of HIV/AIDS, tuberculosis, malaria and

other major diseases; 4) lower the threshold for investment in private healthcare infrastructure; and 5)

build sustainable medical and financial administrative capacity in the health sector” [20]. It is within

this framework that the Kwara State Health Insurance (KSHI) was created in 2007 as a public-private

partnership between the Kwara State Government, Hygeia Community Health Care, the Health Insurance

Fund, and PharmAccess Foundation. The objective is to improve access to affordable and quality

care for low-income people in Kwara State, prioritizing those earning less than US$1.5 per day.

The programme tackles both demand and supply aspects of the healthcare system simultaneously by

subsidizing insurance coverage and improving the quality of care in the participating healthcare facilities

through structural upgrading, training staff in guideline-based care, and supporting hospital management.

By January 2015, 85,110 people had enrolled in the KSHI programme. Impact results two years

after implementation showed an increase in utilisation of healthcare and a decrease in all out-of-pocket

(OOP) healthcare expenditures for those living in areas where the insurance is offered [21]. The KSHI

programme has also been associated with a significant decrease in blood pressure in hypertensive patients

living in areas where the insurance is offered [22].

In this study, we aim to assess whether the implementation of the KSHI programme, including

the initial investment by donors to establish this programme, is likely to have been a cost-effective

maternal care intervention in rural Nigeria. We use empirically-collected information from impact and

costing studies undertaken during implementation of the programme, as well as insurance and hospital

monitoring databases.
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Methods

We used a decision analytic model to simulate a cohort of pregnant women, followed down a pathway

of care during their current pregnancy until delivery. We defined two scenarios in our primary analysis:

1) current standard of care (base case scenario) where women do not have access to benefits from the

insurance programme; and 2) KSHI scenario (intervention scenario) where women have access to the

insurance and to hospitals participating in the KSHI programme. Alternative base case scenarios were

defined in a scenario analysis, in addition to the primary analysis above, comparing: 3) an increased

utilisation of the standard of care clinics; 4) an increased cost and quality of care improvement in the

standard of care clinics; and 5) increased utilisation, increased cost and quality of care improvement

in the standard of care clinics. The model’s primary outcome is the incremental cost per disability

adjusted life year (DALY) averted in the KSHI scenario compared to the base case scenario. This

incremental cost-effectiveness ratio (ICER) was calculated as the ratio of the difference in costs and

DALYs averted between the intervention and base case scenarios. The ICER was then compared to a

country-specific willingness-to-pay (WTP) threshold, defined as a country’s per capita gross domestic

product (GDP) [23]. For Nigeria, the GDP per capita was US$2,730 in 2012 [24]. If the ICER is below

this WTP threshold, the intervention is considered very cost-effective. Key model input parameters are

shown in Table 5.1 and further details can be found in Supplementary Data Chapter 5.

Base case (standard of care)

The current standard of care in rural Nigeria (base case scenario) was characterized in two dimensions:

utilisation and quality of care. Kwara State has a health system with inadequate government funding,

weak governance and legislation, and poor health infrastructure and service quality. The State is

participating in the federally-funded National Health Insurance Scheme (NHIS). The majority of

enrollees are individuals working in the formal sector. The NHIS started a rural community-based social

health insurance programme in 2010 but access to this scheme is limited [21]. Data collected during

the baseline survey of the KSHI impact evaluation in 2009 showed that less than 1% of the population

in the area was enrolled in any health insurance scheme [21]. The base case is therefore defined as a

regionally-representative situation where functional health care facilities are mainly primary care clinics

with limited access to secondary care (such as surgery, inpatient care). The assumptions on utilisation and

quality of care derived from regionally representative surveys, maternal health audits, and data collection

as part of the baseline survey of the KSHI impact evaluation in 2009 [21]. All assumptions are described

in Supplementary Data Chapter 5; key parameters and sources are presented in Table 5.1.

Intervention (KSHI programme)

The intervention modelled is the KSHI programme. This includes a subsidized health insurance covering

access to comprehensive health care, including primary care; treatment for malaria, tuberculosis, and

HIV opportunistic infections; maternal and child care; surgeries; and care for chronic diseases. It also

includes upgrades to facilities and technical assistance in programme management by the PharmAccess

Foundation. In this context, the impact of the KSHI programme is hypothesised to result from two

pathways: 1) increased utilisation of maternal services, defined as antenatal care (ANC) visits, delivery

in health facilities, and emergency obstetric care (EOC) when complications during delivery arise; and
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Standard of care Distr Ref KSHI care Distr Ref

Utilisation
Access to ANC 0.6–0.7 uniform [25, 26] 0.8–0.9 uniform [26]
Delivery in health facility (all) 0.4–0.6 uniform [4, 25, 26] 0.65–0.7 uniform [26]
Access to EOC, if delivery in health 0.9–0.95 uniform [27] 1
facility
Delivery in health facility, if previous 0.96 (0.03) beta [25]
ANC
Delivery at home, if previous ANC 0.05 (0.03) beta [25]
Access to EOC, if delivery at home 0.136 (0.02) beta [28]
Outcomes
Haemorrhage 0.051 (0.04) beta [29]
Anaemia among those surviving an
haemorrhagic episode 0.12 (0.01) beta [30]
Death following haemorrhage 0.028–0.273 uniform [31]
RR haemorrhage, if EOC 0.34 (0.19) beta [32]
RR anaemia, if EOC 0.5 (0.14) beta [32]
Sepsis 0.017 (0.01–0.03) triangular [33]
Secondary infertility among those
surviving
following sepsis 0.05–0.1 uniform [30]
Death following sepsis 0–0.727 uniform [31]
RR sepsis if delivery at hospital 0.54 (0.4–0.65) triangular [34]
Obstructed labour (OL) 0.06 (0.02) beta [35, 36]
Fistula among those surviving, 0.14 (0.01) beta [35]
if no EOC following OL
Death, following OL, if no EOC 0.007 (0.01) beta [30]
Hypertensive disorders (HTD) 0.085 (0.04) beta [37]
Death, following a HTD 0.083 (0.02) beta [37]
RR HTD if ANC — — — 0.41 (0.08) beta [38]
Cost (US$ 2012)
Cost, ANC 12.4–61.5 uniform *
Cost, delivery no complications 9.65–27.2 uniform *
Cost, delivery complications 46.7–53.3 uniform *
Cost, treatment of fistula 190.9–382.7 uniform [39, 40]
Cost, treatment of anaemia 9.81–13.79 uniform *
DALY
DALYs, death 23.43 (21.09–25.77) triangular *
DALYs, anaemia 0.09 (0.08–0.09) triangular *
DALYs, infertility 0.1 (0.09–0.11) triangular *
DALYs, fistula 10.93 (9.84–12.02) triangular *

Table 5.1: Input parameters for cost-effectiveness analyses
Notes: ANC = antenatal care.EOC = essential obstetric care. Distr = probability distribution specified for each parameter in
the Monte Carlo simulations. Ref = reference. RR = relative risk. OL = obstructed labour. HTD = hypertensive disorder. Beta
distributions are specified by mean (SD), uniform distributions by minimum and maximum values, triangular distributions by
average (minimum and maximum). *Own calculation (see Supplementary Data Chapter 5).
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2) increased quality of care of maternal services provided (access to more facilities offering EOC and

preventive treatment of hypertensive disorders complications during ANC) [11, 41].

Model description

The model explicitly considers utilisation and composition of ANC, the location of the care accessed,

and the type of assistance provided during the delivery as well as availability of EOC. Essential obstetric

care is defined as care including capacity to administrate parenteral antibiotics, parenteral oxytocic drugs,

and parenteral anticonvulsants for pre-eclampsia and eclampsia; ability to perform manual removal of

placenta and of retained products; ability to perform assisted vaginal delivery, surgery (C-section), and

blood transfusions [42]. The schematic representation of the model structure is given in Supplementary

Data Chapter 5.

We considered five clinical outcomes of delivery: post-partum haemorrhage, obstructed labour,

hypertensive disorder, sepsis, and uncomplicated delivery. The first four are responsible for the highest

proportion of maternal mortality and morbidity in Nigeria [28, 43, 44]. We estimated a women’s

probability of accessing treatment for these complications to be dependent on the location of care

accessed during delivery and whether previous ANC visits were attended during the current pregnancy.

Prevalence of adverse delivery outcomes were sourced from systematic reviews or cohort studies specific

to Nigeria; when these were not available, we sourced estimates that were regionally representative.

With regards to treatment outcome probabilities, all estimates were sourced from clinical trials or

meta-analyses of clinical trials [33–35, 45, 46]. Mortality and morbidity outcomes were then translated

into years of life lost due to premature mortality (YLLs) and years lived with disability (YLDs),

respectively, to calculate total number of DALYs averted using standard methods [47], without age

weighting [46]. We measured all costs and DALYs through a time horizon spanning the remaining

life expectancy of the cohort (for a detailed description of assumptions, see Supplementary Data Chapter

5).

Costs

Costs were evaluated from a healthcare provider perspective. For the intervention scenario, we collected

data at the Ogo Oluwa Hospital (OOH) in Kwara State. This is a private hospital participating in the

KSHI programme and serving the community of Bacita, part of Edu local government area (population

estimated: 201,642 in 2006 [48]) in the North Central region of Nigeria [49]. The hospital provides ANC

and perinatal care as well as EOC. The number of patients enrolled in the KSHI programme registered

in OOH was 9,738 for the period 2010–2011. These patients represented over 95% of the total number

of patients accessing care in OOH (personal communication, medical director OOH).

We measured service delivery costs including costs for building, overhead, staff, equipment and

consumables, and maintenance at OOH. The resource use associated with each activity was estimated

through observations of practice, a review of financial reporting, and interviews with staff. Resource

use measurement took into account the allocation of fixed resources between maternal care and other

services. Estimates of drugs and test prices were obtained from suppliers [50]. We extracted information

on the total number of pregnancies, ANC visits, and deliveries from insurance claim data for the period

covered by the costing exercise. We then calculated costs per ANC consultation and delivery care
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separately. Finally, we combined the utilisation data with unit costs to calculate the total costs of

maternal services at OOH. A sensitivity analysis of assumptions where measurements of parameters

were uncertain (percentage mark-up allocated to overheads, staff time, and medical equipment) was

undertaken to estimate the impact of these assumptions on our cost estimates.

We also included above-service programme costs associated with the local operations of the insurer

(Hygeia Nigeria Ltd.) and programme management at PharmAccess level. The operations at insurer level

consist of administration of the package and marketing activities for scaling up of the project. programme

management expenses at PharmAccess level consist of expenses related to upgrading of healthcare

facilities and technical assistance concerning the health plan. In determining the cost-effectiveness of

the programme, these costs were taken into account from the beginning of the programme in 2006 until

2018. After this date the programme is expected to be transferred to the Kwara state Government.

Expenses over the period 2006–2013 are audited, while from 2014 the amounts are based on projections.

We added this as a mark-up to all patients in the intervention scenario, as this cohort was assumed to be

insured. Detailed calculations are given in Supplementary Data Chapter 5.

Finally, we reviewed previous costing studies in Nigeria to validate our cost estimates and provide

costs for treatment of morbidities associated with complicated deliveries. When estimates were missing,

we used WHO guidelines and unit costs for outpatient visits sourced from WHO-CHOICE [51]. All

prices were collected in local currency and are presented in 2012 US$ [52]. Cost information from

previous studies was adjusted to account for inflation following standard methods [53, 54]. All future

costs and outcomes were discounted at 3% per year.

Budget impact analysis

To explore the sustainability of scaling up the intervention within the current health expenditures in

Kwara state, we compared the cost of scaling up the programme state-wide, over a 5-year period, against

current health expenditures for Kwara State, in a separate analysis [55, 56].

The size of the population in need of maternal care (women aged 15–40 years) was estimated using

available demographic data [48] and assuming a population growth equivalent to the rate of natural

increase sourced from the World Bank [57]. The same cost assumptions were made for this analysis

as in the primary analysis (Table 5.1). The level of insurance coverage was defined in terms of the

proportion of the population in need that access the programme. The annual cost of implementing the

intervention was based on the estimated number of women in need accessing the programme per year.

The annual cost of scaling up the maternal care intervention to those in need was calculated using the

following equation, excluding any financial gain from cost-sharing revenue collection:

Population in need of ANC and EOC x unit cost of EOC and ANC (including above service

level costs) given prevalence of different complications x insurance coverage—current

estimated expenditure on ANC and EOC

Only the resources and expenditures required above current spending levels were included. Given

that the aim of the budget impact analysis is to explore the impact on the State’s health expenditure,

the cost to households was not included in this analysis. Unit costs were inflated Cost-Effectiveness of

Maternal Care in Rural Nigeria to 2012 prices when necessary, using the average inflation rate between

1996 and 2014 for Nigeria of 12.33% per annum [58].
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Uncertainty, scenario, and sensitivity analyses

Primary results are presented using a probabilistic sensitivity analysis (Monte Carlo simulation) to

randomly sample parameters from their probability distributions repeatedly (10,000 times) to generate

95% credibility intervals around the incremental cost per DALY averted [59].

We assessed the sensitivity of our results to the performance of the base case in three ways (further

information in Supplementary Data Chapter 5):

1. by varying the utilisation of maternal services: this scenario explores the situation where the base

case population increases its utilisation of standard of care clinics;

2. by varying the costs from the healthcare provider perspective of base case services to those

previously reported in the literature [60] and setting the quality of care indicators of the standard

of care clinics to high bounds: this scenario explores the situation where the standard of care

is financed mainly through the public health system and therefore an increase in costs from a

provider perspective is observed, implying an increase in the quality of care due to this increase in

investment;

3. by varying the costs from the healthcare provider perspective of base case services to those

previously reported in the literature [60], increasing the utilisation of services to the standard of

care clinics, and setting the quality of care indicators of the standard of care clinics to high bounds:

this scenario represents a situation where the increase in funding through the public health system

leads to an increase both in quality and in the service utilisation in the base case.

Finally, we conducted one-way sensitivity analyses across key model parameters to assess the

robustness of our results, varying one parameter at a time between the outer limits of its confidence

interval. In particular, we examined the sensitivity of our results to the probability of complications

during delivery (by type of complication) as well as to the probabilities of mortality and morbidity from

that complication. Similarly, we examined treatment costs for fistula and anaemia, duration of disability

for all disabilities, estimates of ANC utilisation and delivery at health facilities, and a large variation in

the estimates of above-service programme costs.

The model was programmed using TreeAge Pro 2014 (TreeAge Software Inc., Williamstown

MA), cost analyses were conducted using Microsoft Excel 2013 (Microsoft Corp., Redmond WA).

We conducted and present this study following good reporting practices from published standards for

reporting of economic evaluations of health interventions, the CHEERS statement, and the Bill and

Melinda Gates Foundation, Methods for Economic Evaluation Project [61, 62].

Ethics statement

Empirical costing activities were conducted as part of ongoing evaluation efforts of the Health Insurance

Fund programme. The main project, Quality Improvement of Cardiovascular care in Kwara (QUICK),

was approved on the 30th March 2010 by the ethical review committee at the University of Ilorin Teaching

Hospital (reference number: UITH/CAT/189/13/13). We sought an extension of this ethics approval to

include ANC and delivery care services data. This extension was granted on the 16th August 2012 by the

same ethical review committee (ethical review committee at the University of Ilorin Teaching Hospital,
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Figure 5.1: Unit costs by cost category for low and high utilisation profiles
Notes: ANC = antenatal care.

reference number: UITH/CAT/189/15/450). No patient records/information were consulted and patients

were not approached during this study. All data were aggregated and anonymized prior to analysis.

Results

Service utilisation and maternal care-related costs in OOH

Over 24,000 consultations were recorded during the study period, of which 5,470 (23%) were related

to maternal care. In particular, we bserved 3.1 to 5 ANC visits per pregnancy and 118 complicated

deliveries (19% of total childbirths) during the study period.

The highest unit cost was estimated for complicated deliveries (US$46.7–53.3), followed by

uncomplicated deliveries (US$9.65–27.2), and a single ANC visit (US$4.0–12.5). The total ANC cost

during pregnancy was estimated at US$12.4–61.5. In Figure 5.1, we present the unit costs by cost input.

For complicated deliveries, the unit cost was driven by the direct costs of equipment, consumables,

and personnel; whereas for uncomplicated deliveries, personnel and drug costs largely defined the total

unit cost. The estimates for ANC and uncomplicated delivery unit costs were robust to changes in

assumptions in the cost sensitivity analysis (Supplementary Data Chapter 5). However, complicated

delivery costs were sensitive to variations in the overhead mark-up percentage estimate.

The estimated total cost of ANC services in OOH was US$19,408–60,650; uncomplicated deliveries

accounted for a total cost of US$4,825–13,600 and complicated deliveries from US$5,510–6,289. Total

cost for maternal services varied from US$29,744 to US$80,539, with ANC services accounting for 65 to

75% of these costs, due to the high level of utilisation. The average annualised above-service programme

cost calculated over the full period 2006–2018 was estimated to be US$24.1 per enrolee.

Cost-effectiveness of KSHI maternal care

In Table 5.2, we present the cohort and outcomes distribution for 10,000 pregnant women simulated for

each scenario.

In the KSHI scenario, the higher utilisation of ANC and EOC translates into a lower number of sepsis
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PPH sepsis HTD OL deaths*
n n (%) n n n n n (%)

SoC no ANC 3500 complications 751 (21.5) 179 65 297 210 73 (9.8)
no EOC 626 149 55 248 175 64 (10.3)
EOC 125 30 10 50 35 9 (7.4)
no complications 2749 (78.5) — — — — —

ANC 6500 complications 1244 (19.1) 331 68 455 390 83 (6.7)
no EOC 144 37 10 52 44 14 (9.4)
EOC 1100 294 58 403 346 70 (6.3)
no complications 5256 (80.9) — — — — —

total 10,000 510 133 752 600 157

KSHI no ANC 1500 complications 321 (21.4) 77 27 127 90 31 (9.6)
no EOC 256 61 23 101 72 26 (10.3)
EOC 65 16 5 26 19 5 (7.2)
no complications 1179 (78.6) — — — — —

ANC 8500 complications 1327 (15.6) 433 87 296 510 79 (6.0)
no EOC 30 9 3 6 11 3 (10.9)
EOC 1297 424 84 290 499 76 (5.9)
no complications 7173 (84.4) — — — — —

total 10,000 510 115 424 600 110

Table 5.2: Cohort distribution and outcomes
Notes: SoC = standard of care. KSHI = Kwara state health insurance. ANC = antenatal care. EOC = essential obstetric
care. PPH = post-partum heamorrhage. HTD = hypertensive disorders. OL = obstructed labour. n = number. *death among
complicated deliveries only.

and hypertensive disorder cases. The number of cases of post-partum haemorrhage and obstructed labour

are the same in both scenarios because it was assumed that these complications have an incidence that

is independent of previous access to healthcare; however, the outcomes of those complications do vary.

Indeed, we observed fewer deaths in the KSHI scenario as opposed to the standard of care scenario, with

an estimated total of 47 deaths averted per 10,000 deliveries.

In Table 5.3, we present the total cost for each scenario, the total number of DALYs, and the

incremental cost-effectiveness ratio for the KSHI scenario compared to the standard of care for both

the primary estimate and alternative base case assumptions.

We observe that the KSHI scenario has a higher total cost than the standard of care, which translates

into a tangible benefit to patients in terms of a higher number of DALYs averted. The cost per DALY is

small for both scenarios, reflecting the generally high ‘value for money’ of maternal health interventions.

The ICER is considered very cost-effective compared to a willingness-to-pay threshold of one GDP per

capita in Nigeria. In addition, we explored the cost-effectiveness acceptability curves to assess our

estimates against a wide range of willingness- to-pay thresholds (from US$1 to 5,000). We found

that from a willingness-to-pay threshold as low as US$200, it is very likely that KSHI care remains

cost-effective compared to the base case (Supplementary Data Chapter 5). We also present the 95%

credible interval for the ICER to illustrate the amount of uncertainty around our point estimate. Under

three alternative comparison scenarios, the KSHI care remains cost-effective. The first alternative

scenario explores a base case scenario where the same utilisation of maternal services is achieved

compared to the KSHI scenario. The second set of assumptions model a base case where the costs

are those estimated in the literature [60] and an increase in the quality of care is observed. The third set
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Primary estimate
SoC 397,618 362,581 1.2 reference reference
KSHI 755,690 370,305 2.0 46.4 49.1 (21.9–152.3)
Alternative base case scenarios
SoC1 517,976 364,007 1.4 reference reference
KSHI 755,690 370,305 2 37.7 39.9 [16.9–157.5]
SoC2 668,991 367,392 1.8 reference reference
KSHI 755,690 370,305 2.0 29.8 29.6 [CS–191.1]
SoC3 866,661 370,300 2.3 reference reference
KSHI 755,690 370,305 2.0 CS 46.4 [CS–5,201.3]

Table 5.3: Cost-effectiveness of KSHI program (US$ 2012)
Notes: SoC = standard of care. KSHI = Kwara state health insurance. DALY = disability-adjusted life year. ICER = incremental
cost-effectiveness ratio. HIF = health insurance fund. CS = cost saving. Scenario 1 of the standard of care (SoC1) refers to an
increased utilisation of the standard of care clinics, scenario 2 of the standard of care (SoC2) refers to an increased cost and
quality of care improvement in the standard of care clinics (i.e. access to EOC if delivery in a health facility and access to
preventive treatment of hypertensive disorder complications if access to ANC), and scenario 3 of the standard of care (SoC3)
refers to increased utilisation, cost, and quality of care improvement in the standard of care clinics.

of assumptions explored an increase in utilisation, costs and quality of care within the base case scenario.

These alternative base case scenarios highlight an amount of uncertainty related to our conclusion that

increases following changes in assumptions making the base case scenario similar to the intervention

scenario.

Budget impact

The annual cost of providing ANC and EOC to pregnant women in Kwara state was estimated to be

US$3,329,516 under base case assumptions of utilisation and quality of care. Scaling up improvements

in the quality of maternal care and its utilisation is likely to increase the cost of maternal care in Kwara

state. The magnitude of this increase depends on the level of scale up considered. The incremental

annual cost by scale up scenario is shown in Figure 5.2:(a). Figure 5.2:(b) shows the relative increase in

state health expenditures required [55].

Finally, in Figure 5.3 we illustrate how sensitive our primary estimate is to extreme variation of

parameter assumptions in a series of one-way sensitivity analyses (detailed results in Supplementary

Data Chapter 5).

We observe that our results are most sensitive to variations in the probability of hypertensive

disorders, the above-service cost estimation, and the probability of death following a sepsis episode.

To a lower degree, the results are sensitive to the discount rate used, the probability of death following

a hypertensive disorder complication, and to the probability of infertility following a sepsis episode.

However, the KSHI scenario remains cost-effective under all extreme variations considered.

Discussion

Our results suggest that investing to improve both supply and demand for maternal health services

is likely to have been a cost-effective intervention in rural Nigeria compared to the current standard

of care. The extent of gains is dependent on a number of factors, including assumptions about the

prevalence and severity of complications during delivery. While complications such as obstructed labour
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Figure 5.2: Projected incremental and relative annual cost of maternal care in Kwara state, Nigeria
Notes: M = million. Scale up scenarios refer to scenarios where the access to the insurance program is scaled up to 60, 80, or
100% of the population in need.

and post-partum haemorrhage themselves are generally not preventable, the KSHI programme increased

the likelihood that women access care in general and specifically for an emergency; thereby, improving

the outcomes of complicated deliveries. Our conclusions remain stable under a wide range of sensitivity
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Figure 5.3: One-way sensitivity analysis comparing KSHI care vs standard of care
Notes: P = probability. y = year. mo = month. US$ = US dollar. Blue bars represent the change in ICER when a parameter
is varied to a lower value than the base case estimate. Orange bars represent the change in ICER when a parameter is varied
to a higher value than the base case estimate. All values for the parameters tested in this sensitivity analysis and the resulting
ICERs are given in additional results (Supplementary Data Chapter 5).

analyses and taking into account uncertainty in our parameter estimates. When we change our base case

assumptions (to an increase in service utilisation, an increased estimation of health service costs and

quality of care, or both), the KSHI programme remains likely to be considered cost-effective.

Although a WTP threshold of one GDP per capita is used as the currently recommended

benchmark [51], there are important limitations with this decision rule for decision making [63]. These

include the fact that even if an intervention might be considered cost-effective at this level, it might

not be feasible within the current resource availability and use within the health financing structure.

Furthermore, one GDP per capita might be considered too high a threshold for some countries [63].

The last point is particularly relevant in our study, as GDP per capita is a national measure, while
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we aim to inform decision making in one of Nigeria’s poorest states. We calculated the minimum

threshold under which the intervention will likely not be considered cost-effective (US$200) to inform

policy makers willing to vary the decision rule threshold in response to local constraints. Additionally,

our budget impact analysis suggests that a minimum of 4% more investment in the State health care

expenditure is needed to successfully scale up this programme at a State level. This estimate is

dependent on the model of care implemented. Furthermore, the feasibility of wide-scale expansion of

the programme is dependent on health system constraints such as a limited health workforce and health

facility infrastructure, which were not included in the analysis. Finally, our analysis is based on regional

health accounts up to 2005. Further collaborative work with Kwara State’s representatives to update these

figures is ongoing looking at the financial space available to ensure the sustainability of the programme

transfer and scale up.

With regards to the cost estimates of the intervention, overall, ANC consultations were the main

driver of the total costs for maternal care in the participating hospital, mainly due to the high service

utilisation we observed. Complicated deliveries were estimated to be the most costly services, but due to

their low number, they do not represent a significant part of the overall cost of maternal services at OOH.

While an increase in ANC utilisation in this community might lead to an increase in the total cost, it

would likely be small and offset by reductions in complicated deliveries related to hypertensive disorders

and sepsis.

Estimates of costs and cost-effectiveness studies for ANC and delivery interventions in Nigeria are

scarce. However, our estimates are in accordance to those found in a recently published cost-effectiveness

analysis of scale up of interventions to reduce pregnancy-related mortality [60].

This study has several limitations. The cost analysis presented uses data from several sources with

reporting biases: in-clinic utilisation data might be incomplete and the act of observing consultations may

alter the consultation process. To limit these biases, we aimed to spend significant periods of time in the

clinics, during several visits, so that the researchers’ presence became more familiar and the behaviour

of healthcare providers more normative. We also triangulated all information obtained and checked with

local partners when there were any discrepancies. We generated two utilisation profiles to reflect the

uncertainty in utilisation estimates. We included above-service programme costs based partially around

projections, increasing the uncertainty around these estimates. However, our results show that the KSHI

intervention continues to be considered cost-effective, even when significantly increasing above-service

programme costs.

Because the intervention scenario consists of several interventions simultaneously targeting

improvements to both the demand and supply side of health care utilisation and because the impact

evaluation empirically collected data on utilisation and outcomes during programme implementation to

form the intervention scenario, we were unable to differentiate the impact of specific components of

the programme. However, we explored the impact of different base case assumptions in three scenarios

during a scenario analysis. These scenarios looked at possible increases in cost and quality of standard

of care services, utilisation of these services, or both. Our conclusions remained robust to these changes.

Yet, it is highly likely that given the (human) resource constraints in the region, costs of scaling up

the programme could be higher and/or health benefits lower than estimated. This would influence the

cost-effectiveness of the scale up process. If possible, we recommend the assessment of the scaling up

process to be conducted incrementally.
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Finally, we limited our analysis to a healthcare provider perspective and were not able to assess the

impact of the intervention on patient costs, specifically OOP expenditures related to maternal care. The

costs incurred by patients in accessing health services affect patients’ health seeking behaviour, leading

to poorer health outcomes, and could drive households into poverty [64]. There is a paucity of patient

cost studies from Kwara State but experiences from other settings have shown that even where services

are provided free or are subsidized at the point of care, transport costs, and income loss can impede access

to care or lead to catastrophic expenditure [65]. Through the KSHI programme, individual beneficiaries,

who live on less than US$1.5 a day, are enrolled on an annual basis, paying a premium of approximately

US$2 per person per year [21]. The scheme’s beneficiaries do not pay OOP for services at the point of

care; indeed a 52% total reduction in OOP spending on all healthcare has been attributed to the KSHI

programme [21]. Our analysis from a health service perspective is therefore likely to underestimate

the programme cost-effectiveness by not including benefits from any financial risk protection impact of

the KSHI programme. However, uptake and renewal of membership is limited by household ability to

pay the annual insurance co-premium, [66] which might threaten the expansion and sustainability of the

programme. Particular attention when implementing and expanding the programme should be paid to the

design of supply side of the intervention to avoid any issues of inequity affecting uninsured populations.

Indeed, previous research highlighted the possible negative effects on those who did not enrol in the

insurance (in terms of a decrease in healthcare utilisation) [39].

Conclusion

An intervention aiming to improve utilisation and quality of maternal care, such as the KSHI programme,

is likely to be a cost-effective investment compared to current standard of care, even when including

significant costs for provision of technical assistance. Policy makers should consider sustaining similar

state-wide initiatives to reduce maternal mortality, being aware that the budgets available for healthcare

must increase to avoid the annual insurance premiums that are a barrier for the poor on the road towards

Universal Health Coverage.
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Supplementary Data Chapter 5

Comparators

Current standard of care

The current standard of care in rural Nigeria (base case) was characterized in two dimensions: utilisation

and quality of care. The parameters and assumptions described below were derived from nationally

or regionally representative surveys, maternal health audits, and data collection as part of the baseline

survey in 2009 of the general impact evaluation of the KSHI programme [1].

Services

Antenatal care
Antenatal care (ANC), defined as the regular medical and nursing care recommended for women during

pregnancy, is important for the prevention of mortality and morbidity in both the mother and her child [2].

The ANC policy in Nigeria follows the World Health Organization (WHO) approach recommending at

least four ANC visits for women without complications. [3, 4] Fifty-one percent of women surveyed in

the Demographic Health Survey (DHS) of 2013 reported having at least four ANC visits, the median

number of months pregnant at first visit was five [5]. These estimates are higher than those found in the

literature (25–36%) [6, 7]. However, we based our estimated proportion of women attending ANC, on

data available for the indicator ‘at least one ANC visit during pregnancy’ from the observed data from

the KSHI program impact evaluation survey (0.64, standard deviation 0.48) [1] and the estimate reported
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in the Nigerian DHS, 2013 (60.6% of women had at least one ANC visit with a skilled provider, most

commonly from a nurse or midwife (35.3%) or a doctor (25.3%)) and the National HIV & AIDS and

Reproductive Health Survey (NARHS), 2012 (66.2% for the North Central region) [5, 8]. We chose this

indicator of utilisation (at least one ANC visit during pregnancy) because a model with a lower number

of outcomes, while providing the most conservative estimate for the base case [9].

We defined the quality of standard ANC services by its components as reported in both the NARHS

2012 and DHS 2013 for the North Central region or Kwara State respectively:

• Weight taken: 90.7% [8]

• Prescription of iron tablets: 96.1% [5]

• Prescription intestinal parasite drugs: 22.9% [5]

• Information on pregnancy complications: 89.8% [5], 57.2% [8]

• Blood pressure measurement: 98.0% [5], 87.9% [8]

• Urine sample collected: 96.8% [5], 82.3% [8]

• Blood specimens collected: 96.3% [5], 77.7% [8]

• Tetanus toxoid vaccination: 80.4% [5], 80.7% [8]

• Tested for HIV during ANC: 45.4% [8]

Delivery care
Delivery care is defined as care during the delivery by a healthcare professional. In the DHS 2013

survey [5], it was reported that, nationally, about one-third of births (35.8%) occur in health facilities

(22.6% in public sector and 13.2% in private sector facilities). Home births are more common in rural

(76.9%) compared to urban areas (37.4%). For those women receiving no ANC, it was reported that

95.1% delivered at home. In Kwara State, 76.7% of participants reported delivering at a health facility,

this included both primary health care and hospitals [5]. In the 2012 NARHS, 71.8% reported delivering

at a health facility (with 61.3% delivering at a hospital either public or private) [8]. This estimate is

higher than the observed percentage of women delivering in hospital in the population-based surveys of

the impact evaluation of the KSHI program (48% in 2009 pre-intervention) [10].

The most cited reasons for not delivering in a health facility in Kwara State were that the child was

born suddenly and there was no time to reach the facility (41%). This finding may highlight the need

for improvements in the utilisation and quality of ANC received, e.g. better estimated expected date of

delivery. Other reasons cited were: cost (10.8%), facility is too far/no transportation available (13.4%),

and it was not deemed necessary (21.2%) [5].

Essential obstetric care
Essential obstetric care (EOC) is defined as care including the ability to administrate parenteral

antibiotics, parenteral oxytocic drugs, and parenteral anticonvulsants for pre-eclampsia and eclampsia;

ability to perform manual removal of placenta and of retained products; ability to perform assisted

vaginal delivery, surgery (C-section), and blood transfusions [11]. Access to EOC depends on the

location of the delivery. For those women delivering at a healthcare facility (hospital), a utilisation
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Complication Comments Model input References

Post-partum haemorrhage mean (SD) 0.051 (0.038) [15–17]
Obstructed labour mean (min–max) 0.06 (0.03–0.09) [12, 18]
Hypertensive disorders mean (95%CI) 0.085 (0.187–0.05) [19]
Sepsis mean (min–max) 0.017 (0.01–0.03) [20]

Table S5.1: Probability of event: complications during delivery
Notes: SD = standard deviation. Min = minimum. Max = maximum. CI = confidence interval.

Complication Morbidity Model input References

Post-partum haemorrhage Anaemia, mean (min–max) 0.12 (0.10–0.14) [21]
Obstructed labour Fistula, mean (min–max) 0.14 (0.13–0.16) [18]
Sepsis Infertility, min–max 0.05–0.1 [21, 22]

Table S5.2: Probability of event: morbidity
Notes: Min = minimum. Max = maximum.

Complication Comments Model input References

Post-partum haemorrhage per 100 deliveries, min–max 2.8–27.3 [17]
Obstructed labour per 100 deliveries, mean (min–max) 0.7 (0.6–0.8) [21, 23]
Hypertensive disorders Per 100 pregnancies, mean (min–max) 8.3 (5–10) [19]
Sepsis per 100 deliveries, min-max 0–72.7 [17, 22]

Table S5.3: Probability of event: case fatality rate by complications
Notes: Min = minimum. Max = maximum.

of EOC was assumed to be 90–95% [12]. For those women delivering either at home or in a primary

care facility, 13.6% were assumed to access EOC based in a recent audit in Kwara State [13].

Complications during delivery

We considered four complications during delivery in this analysis: post-partum haemorrhage, obstructed

labour, hypertensive disorder, and sepsis. We summarised the estimated probability of having a specific

complication in Table S5.1. In Tables S5.2 and S5.3, we present mortality and morbidity parameters by

complication [14]. The assumptions leading to these parameters are described below.

Post-partum haemorrhage
Globally, the prevalence of post-partum haemorrhage, defined as an excessive bleeding (more than

1000 mL) from the genital tract [24], has been estimated at approximately 6% of all deliveries [15].

However, significant heterogeneity among regions was found in this systematic review. Looking at

regional variability, a recent systematic review estimated the prevalence of post-partum haemorrhage

at 5.1% (95%CI 0.3–15.3) in Africa [16]. Among post-partum haemorrhage events, the case fatality rate

was estimated at 1%; and among those surviving, an estimated 12% suffer from severe anemia, defined

as a blood haemoglobine level of less than 9mg per dL [21]. For women accessing EOC, we assumed

a risk reduction of 0.34 (95%CI 0.14–0.87) in the risk of post-partum haemorrhage and of 0.50 (95%CI

0.30–0.83) in the risk of developing severe anemia [25].

Obstructed labour
The prevalence of obstructed labour, defined as labour in which progress is arrested by mechanical
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factors [24], has been reported to be approximately 6% in the African region including Nigeria [18].

Among neglected obstructed labour events, the case fatality rate was estimated at 0.7% [21]; among those

surviving, an estimated 14% of all cases of obstructed labour may continue to suffer from recto-vaginal

or vesico-vaginal fistula, defined as a communication between the vaginal wall and the bladder/rectum

resulting from obstructed labour [18]. We assumed that women die or develop a fistula following

neglected obstructed labour only. Neglected obstructed labour will occur in those women not accessing

EOC. For those women accessing EOC, we estimated that in 90% of cases of obstructed labour, a

caesarean section is carried out, and in the remaining 10% an instrumental delivery [21]. The frequency

of caesarean sections is the same for women attending ANC and those not doing so. Evidence shows

that external cephalic version of breech presentations at term reduces the rate of caesarean section and of

breech delivery; however it does not reduce this rate if the procedure is done before term and these cases

represent a very small proportion of the overall burden of obstructed labour [2].

Hypertensive disorders
Hypertensive disorders are defined as a group of conditions where there is raised blood pressure with

proteinuria during the pregnancy [24]. Pre-eclampsia and eclampsia (eclampsia being a consequence

of pre-eclampsia) are the most serious consequences for the mother and child. The long-term sequelae

of both pre-eclampsia and eclampsia are not well evaluated, and the burden of hypertensive disorders

stems mainly from deaths [21]. The incidence of pre-eclampsia and eclampsia vary by region, and

for the African region it has been estimated at 5.6% (95%CI 3.6–11.3) and 2.9% (95%CI 1.4–7.4),

respectively [19]. Case fatality rate due to hypertensive disorders have been reported to be 8.3% [19].

Magnesium sulphate reduces the risk of developing eclampsia in pregnancy (risk ratio 0.41, 95%CI

0.29–0.58) [26]. We assumed magnesium sulphate was only available to 30% of women accessing

ANC [2, 27, 28].

Puerperal sepsis
The WHO defines sepsis as an ‘infection of the genital tract occurring at any time between the onset

of rupture of membranes or labour and the 42nd day postpartum in which fever and one or more of the

following are present: pelvic pain, abnormal vaginal discharge, abnormal smell/foul odour of discharge

and delay in the rate of reduction of the size of the uterus’ [29]. In Nigeria, the prevalence of puerperal

sepsis has been estimated at 1.7% [20]. Women delivering in a facility have half the risk of sepsis

compared to those delivering at home [22]. The main non-fatal consequence of sepsis is secondary

infertility resulting from tubal occlusion [21], defined as the failure to conceive again after a previous

conception [24]. It has been estimated that approximately 7.5% of women surviving a sepsis episode are

infertile as a result [21, 22].

Finally, we aimed to validate our standard of care scenario by comparing the number of deaths by

complication predicted by the model to those reported in the literature. Our model seems to be a good

fit predicting approximately 45 deaths per 10,000 pregnancies due to haemorrhage, 49 to sepsis, and 2

to obstructed labour. This corresponds to the same order of magnitude as reported in a Nigerian cohort

recently [30].
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Kwara State health insurance (KSHI) scenario

Services

Antenatal care
The proportion of insured women utilizing ANC during their last pregnancy was reported at 0.87

(standard deviation 0.34) in our household survey [1]. ANC services provided in OOH are described

in detail in Table S5.8 (ANC cost).

Delivery care
The proportion of insured women delivering in hospital increased to 70% in our household survey in

2011 and 69% in 2013 [10]. We assumed the same ratio for the deliveries hospital:home or other primary

health facility as in the base case.

Essential obstetric care
In this scenario, access to EOC also depends on the location of the delivery. For those women delivering

at home or at primary care facilities, we made the same assumptions as in the base care. Of those women

delivering in OOH (our comparator setting), 100% have access to EOC, as this is part of the insurance

package and available at this hospital.

Complications during delivery

We assumed the same estimated probability of having a specific complication, mortality and morbidity

to be dependent on access to care, as in the standard of care scenario (Tables S5.1, S5.2, and S5.3). These

proportions are in accordance to those observed in OOH (e.g. we observed 23 episodes of post-partum

haemorrhage in 2011–2012, 4% of all deliveries). The only exception was that the proportion of women

developing complications due to hypertensive disorders was lower in the KSHI scenario compared to the

standard of care scenario, because magnesium sulphate was available to all women accessing ANC at

OOH for prevention of hypertensive disorders’ complications.

Outcome measures

We present two measures of effectiveness in this study: maternal deaths averted and disability-adjusted

life years (DALYs) averted.

Maternal deaths averted

Deaths averted are calculated incrementally from the difference between the total number of women

dying in the standard of care scenario and the KSHI care scenario.

Disability adjusted life years averted

Clinical outcomes (such as mortality and morbidities) were translated into DALYs, and compared

incrementally across the two scenarios. We present DALYs instead of QALYs for two main reasons:

DALYs are useful when comparing across diseases. We aim for this piece of work to feed into a

broader portfolio of work to be presented to policy makers in Nigeria looking at a number of conditions.
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Secondly, there is no data on quality of life questionnaires for the complications in this model available

locally.

Total number of DALYs averted are calculated as the sum of the number of years of life lost (YLL)

and the number of years lost due to disability (YLD) using published methods [31]. These calculations

include local life expectancy and duration of disability. Duration of disability was calculated using the

following assumptions:

• for anaemia: we assumed an average duration of six months because no discharge follow-up

information was available to assess the sequalae, if any, of this disability and this is the

recommended duration of treatment for severe anaemia [32]. However, we tested the impact of

this assumption on our results via a one-way sensitivity analysis.

• for recto-vaginal fistula: it is estimated that in Nigeria, approximately 20,000 new obstetric fistulae

occur every year. Due to the current backlog in surgery, it is estimated that only 2,500 cases have

access to reconstructive surgery annually. Therefore, assuming the average age of a pregnant

woman from the DHS at 27.6 years old [33], a local life expectancy at this age of 40.4 years [34]

and that only 10% of prevalent cases get reconstructive surgery with an average waiting period

of 1.8y [35] while the rest will endure a lifelong disability, the average duration of disability was

estimated to be 36.6 years. These assumptions have limitations. For instance, the risk for fistula

is highest among the youngest women, especially after delivering their first baby. In this analysis,

we opted for an average age at pregnancy because we have little information on the distribution

of fistula incidence by age in Nigeria and because the assumptions on DALYs are the same for

both scenarios, limiting the impact of this simplification on our results. However, we performed a

sensitivity analysis on this particular assumption.

• for infertility: we assumed a duration of disability over the average national reproductive span

(49 years) from the average age of a pregnant woman (27.6 years old) [33], that is 21.4 years.

However, we performed a sensitivity analysis on the duration of disability to assess the impact of

this assumption on our results.

We present DALYs in the main results using a discount rate of 3% and excluding age-weighting as

recommended in the latest Global Burden of Disease Study 2010 [14]. However, in sensitivity analysis

we varied the discount rate between 0 and 10%. Tables S5.4 and S5.5 show the assumptions for the

calculation of DALYs and the DALYs averted by mortality and morbidity.

Age-weighting Age of Disability Age at Standard life Disability Discount
modulation onset of duration death expectancy weight rate
constant disease (years) (years) at age of

(years) death (years)

Death 0 27.57 0 27.57 40.44 0 0.03 (0–0.1)
Disability: anaemia 0 27.57 0.5 68.01 0 0.16 0.03 (0–0.1)
Disability: fistula 0 27.57 36.57 68.01 0 0.49 0.03 (0–0.1)
Disability: infertility 0 27.57 21.43 68.01 0 0.01 0.03 (0–0.1)

Table S5.4: DALY assumptions
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A. Discounted (discount rate: 0.03)

DALYs due to YLD DALYs due to YLL Total DALYs averted

Death 0 23.42 23.42
Disability: anaemia 0.08 0 0.08
Disability: fistula 10.93 0 10.93
Disability: infertility 0.09 0 0.09

B. Not discounted (discount rate: 0)

DALYs due to YLD DALYs due to YLL Total DALYs averted

Death 0 40.44 40.44
Disability: anaemia 0.08 0 0.08
Disability: fistula 17.99 0 17.99
Disability: infertility 0.13 0 0.13

C. Discounted (discount rate: 0.1)

DALYs due to YLD DALYs due to YLL Total DALYs averted

Death 0 9.82 9.82
Disability: anaemia 0.08 0 0.08
Disability: fistula 4.79 0 4.79
Disability: infertility 0.05 0 0.05

Table S5.5: Total DALYs averted
Notes: DALY = disability-adjusted life years. YLD = years lived with disability. YLL = years of life lost.

Costs

KSHI scenario

Setting
The Ogo Oluwa Hospital (OOH) in Kwara State, rural Nigeria is a private hospital participating in

the Kwara state health insurance (KSHI) program. Kwara State is part of the North Central region of

Nigeria and has a population of 2,371,089 (2006 estimate) [36]. The OOH serves the community of

Bacita, part of Edu local government area (population estimated: 201,642 in 2006 [37]). The hospital

provides antenatal and perinatal care as well as essential obstetric care, including caesarean sections

for complicated deliveries. A total of 50 employees [three doctors, nine nurses and community health

education workers, 11 ward assistants, eight laboratory staff members (one scientist, one technician and

six assistants), four pharmacy staff members, and 15 administrative staff members] were working in

OOH during 2011–2012. The average number of patients enrolled in the SHIS registered in OOH was

9,738 for the period 2010–2011. These patients represented over 95% of the total patient population

of OOH (personal communication, medical director OOH). Further description of the setting is given

in [38].

Service cost identification and measurement
A costing exercise was undertaken from a healthcare provider’s perspective using a micro-costing

approach [39–41]. To estimate the cost of ANC and delivery care, first we identified all functional

components of the program within a clinical pathway defined as the succession of activities a pregnant

woman would be exposed to in the hospital from confirmation of pregnancy to delivery and post-partum

care. The clinical pathway was built from interviews with clinicians and observations of practice.

In this pathway, ANC includes: an initial health education group session, consultations, drugs

prescribed and obtained from the pharmacy (folic acid, multivitamin, iron supplement, vitamin C,
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vitamin B complex, paracetamol, and tetanus toxoid), and tests performed at OOH (blood group,

packed cell volume, HIV screening, hepatitis screening, syphilis screening, urine analysis (dipstick),

microalbuminuria, random blood glucose, Giemsa stain for malaria parasites, and ultrasound). For

women presenting to the hospital for delivery, we defined an uncomplicated delivery to include: an

examination upon presentation (history taking, physical examination, maternal blood pressure check,

and foetal heart rate), monitoring activities during delivery, and the administration of an intravenous

fluid infusion. After delivery care following an uncomplicated delivery includes oxytocin/ergometrine

to prevent post-partum haemorrhage and the prescription of the following drugs and supplements:

folic acid, multivitamin, iron supplements, vitamin C, and paracetamol. No tests were observed

during uncomplicated deliveries, however the use of certain antibiotics (e.g. ampicillin/cloxacillin,

metronidazole, gentamicin) was observed and were included in the unit cost. A complicated delivery

is defined as a delivery requiring EOC. In addition to the activities observed during uncomplicated

deliveries, we observed that complicated deliveries also include more personnel time, the use of

specialized medical equipment, drugs for C-sections. Additional tests that were observed during the

complicated deliveries only in addition to the initial examination were blood group, packed cell volume,

HIV screening, hepatitis screening, and random blood glucose. We acknowledge that these are not tests

particular of any complication during delivery, however they were only performed during complicated

deliveries in OOH. We also observed hospital stays for complicated deliveries that was added to the unit

cost.

For each of the defined activities, we then identified inputs required: capital and recurrent costs

classified in two categories: direct and indirect costs. Direct costs information collected included

consumables (utilisation and unit price), drugs (prescriptions and unit price), medical equipment used

for tests and during delivery, hospital bed utilisation during ANC consultations or in-patient delivery

2011 2012

J J A S O N D J F M A M J J A S O

Hospital expenditure sheets

Price data

Equipment

Consumables

Drugs

Activity logs

Interviews

Observations

Maternal care logbook

Table S5.6: Cost data collection activities
Notes: Green denotes the period for which data was included in the cost analysis.

N

Pregnancies 1,563
Total ANC visits 4,852
Total deliveries uncomplicated 500
Total deliveries complicated 118

Table S5.7: Service utilisation
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Utilisationa Unit cost (2012US$)

Cost of ANC/pregnancy (total, including indirect costs) 12.4–61.5
Cost of ANC/visit (total, including indirect costs) 4.0–12.5
Cost of ANC/pregnancy (direct costs) 7.03–34.89
Cost of ANC/visit (direct costs) 2.3–7.1
Consultation 3.1–4.94b 0.51
Health education group session/pregnancy 1 0.01
Tests/pregnancy Packed Cell Volume 0.60–1 0.27

HIV screening 0.63–1 2.15
Hepatitis screening 0.32–1 0.99
Blood group test 0.45–1 0.49
Rapid treponemal point of care test 0.31–1 0.77
Urine dipstick analysis 0.63–1 0.41
Microalbuminuria test 0.02–1 3.56
Random blood glucose test 0.29–1 0.22
Giemsa stain for malaria parasites 0.05–1 1.58
Ultrasound 0.06–1.5 11.5

Prescriptions/pregnancy Multivitamins 2.67–4.94 0.25
Folic acid supplement 2.62–4.94 0.03
Iron supplement 2.59–4.94 0.12
Vitamin C supplement 0.19–4.94 0.09
Vitamin B complex supplement 0.09–4.94 0.06
Paracetamol 2.10–4.94 0.07
Tetanus toxoidc 0.24–0.61 0.05

Cost of care/uncomplicated delivery (total, including indirect costs) 9.65–27.2
Cost of care/uncomplicated delivery (direct costs) 5.47–15.42
Tests/delivery Packed Cell Volume 0.05–1 0.27

HIV screening 0.04–1 2.15
Hepatitis screening 0.03–1 0.99
Blood group test 0.03–1 0.49

Drugs/delivery Ergotamine 0.01–1 0.22
Oxytocin 0–0.3 0.15
5% Dextrose water 0–0.7 0.63
Folic acid 0.81–1 0.03
Multivitamin 0.83–1 0.25
Iron supplement 0.79–1 0.12
Vitamin C 0.12–1 0.05
Ampicillin/cloxacillin (500mg) 0.06–1 5.69
Metronidazole (Flagyl tabs 400mg) 0.07–0.3 0.01
Paracetamol 0.69–1 0.03
Gentamicin 0.01–0.3 0.05

Cost of care/complicated delivery (total, including indirect costs) 46.7–53.3
Cost of care/complicated delivery care (direct costs) 26.5–30.2
Tests/delivery Packed Cell Volume 0.56–1 0.27

HIV screening 0.37–1 2.15
Hepatitis screening 0.2–1 0.99
Blood group test 0.29–1 0.49
Urine analysis 0.30–1 0.41
Blood glucose 0–0.1 0.22
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Drugs/delivery Egomterin 0–0.03 0.22
N/saline 0–1 0.63
Atropine 0–1 0.15
Ketamine 0–1 1.77
Valium 0–1 0.15
Gentamicin 0–0.03 0.05
Ampicillin/cloxacillin (500mg) 0–0.3 5.69
Folic acid 0.7–1 0.03
Iron supplement 0.49–1 0.12
Ciproflaxcin 0.04–1 0.09
Vitamin C 0.31–1 0.05
Paracetamol 0.57–1 0.03
Metronidazole (Flagyl tabs 400mg) 0.03–1 0.01

Table S5.8: Detailed costs and utilisation of services
Notes: aUtilisation: value ranges correspond to in-clinic data and the data collected through observations and interviews.
bNumber of visits (min-max). cTetanus toxoid is given a maximum of once per pregnancy.

(utilisation, price, and years of use), and staff time (staff category, working time).

Data collection activities took place from June 2011 to September 2012. Data included in the analysis

covered the period from October 2011 to September 2012. Table S5.6 shows the schedule of all data

collection activities. We collected data on resource utilisation through the in-clinic reporting system

(where the healthcare professionals record tests, drugs and examinations undergone by each patient

during a specific visit), activity logs (where healthcare professionals record the activities and duration

of activities during specific weeks), and interviews of clinicians. We interviewed the medical director

and one doctor, three nurses, one community health education workers, the head of the laboratory, and

one pharmacist. We also recorded a total of 57 observations of practice (where the researcher observed

activities recording both type and duration): 45 out-patient ANC visits, four out-patient deliveries, and

eight in-patient deliveries. Observations of ANC consultations took place during the ANC clinic day

(OOH provides a dedicated day per week for ANC consultations) and were repeated twice. Deliveries

were observed as they presented during the observation weeks. Finally, we compared the observation

data on deliveries with the in-clinic maternal log book for three periods: January, March and June 2012.

Indirect costs were those associated with overheads, building, and general equipment utilisation (not

medical equipment directly employed during the clinical activities identified above). All indirect cost

information was sourced from expenditures sheets provided by the hospital. We calculated a mark-up

percentage that reflects the ratio of direct:indirect costs at a hospital level. This mark-up was added to

the direct costs to calculate total costs.

To reduce the likelihood of missing any items and improve the validity of our estimates, we

triangulated resource utilisation information from activity logs, interviews and observations with in-clinic

records from the KSHI program on services and tests provided at OOH. We also verified the cost of drugs

and consumables sourced from the suppliers with central Health Insurance Fund program records and

international databases (i.e. http://www.supply.unicef.dk/catalogue/index.htm). All costs are presented

in 2012US$. Preliminary results were presented to local staff members and discrepancies and/or outliers

were verified. Finally, we compared our final cost estimates to other estimates available in the literature

for Nigeria.
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Unit cost (US$, low–high)

Variable ANC Uncomplicated delivery Complicated delivery
Mark–up Baseline value 76% 4.0–12.5 9.65–27.2 46.7–53.3

SA range 50% 3.4–10.6 8.2–23.1 39.7–45.3
90% 4.3–13.4 10.4–29.3 50.3–57.4

Staff time Baseline value reference 4.0–12.5 9.65–27.2 46.7–53.3
SA range -20% 3.9–12.3 8.8–26.1 44.9–51.4

+20% 4.1–12.7 10.5–28.3 48.4–55.2
Medical equipment Baseline value reference 4.0–12.5 9.65–27.2 46.7–53.3

SA range -20% 3.8–11.4 9.6–26.6 43.5–49.7
+20% 4.2–13.5 9.7–27.8 49.9–56.8

Table S5.9: Sensitivity analysis on costs assumptions

Overview of service costs and utilization data
Service utilization in OOH is presented in table S5.7 for the period October 2011 to September 2012.

The unit costs per pregnancy for ANC, or per delivery for uncomplicated and complicated deliveries

are described in table S5.8.

These cost estimates were robust to the changes in cost assumptions tested (Table S5.9). The largest

variation was observed in the unit cost of complicated delivery when varying the assumptions made in

the calculation of indirect costs (large variation in the mark-up percentage).

Above-service costs
The Health Insurance Fund (HIF) was founded in 2006 and received a grant from the Dutch Ministry of

Foreign Affairs. PharmAccess Foundation is the implementing partner of the Health Insurance Fund and

the technical partner in the Kwara State Health Insurance program.

In order to account for all costs related to the operational activities of the insurer and program

management at PharmAccess level, we divided the ‘above-service’ costs into three components:

1. Costs related to operational activities at insurer Hygeia Community Health Care (HCHC) level,

including costs of scaling up the program;

2. Costs related to the upgrading of the health care providers in the network;

3. Costs related to technical assistance delivered by PharmAccess Foundation.

The first component covers the operational costs at HCHC level. This includes costs of marketing

activities and administration of the insurance product. For these costs, HCHC receives an income

from the insurance premium paid by enrolees. Since sufficient scale has not been achieved, additional

investment from the HIF is required to cover all expenditures. Once scale has been achieved, it is

expected that HCHC will no longer receive the additional income. In this analysis, we accounted for

the additional investment required up to 2018 when it is expected that the program will have achieved

the necessary scale and become sustainable. Over the period 2007–2014, HCHC was involved in the

operational activities of three insurance programs in Nigeria (one rural – the KSHI, and two urban), we

allocated HCHC’s overheads over the three programs according to volume of enrolees during this period.

In 2014, the urban programs were terminated and from that moment onwards, HCHC’s overheads had

been allocated to the KSHI program exclusively.
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2006–2013 (realised costs) 2014–2018 (projected costs) 2006–2018

Operational costs 10.91 9.98 10.24
Upgrading costs 1.05 0.76 0.84
Technical assistance costs 22.63 9.38 13.02
Total 34.6 20.13 24.1

Table S5.10: Overview of the above-service program costs for the period 2006–2018, divided by realised costs vs
projected costs (US$ 2012)

The second component refers to expenses upgrading facilities entering the KSHI program. All clinics

in the program have to meet a certain minimum criteria of quality of care. Therefore, in most cases clinics

require upgrading before entering the program.

The last component refers to technical assistance delivered by PharmAccess Foundation. Technical

assistance consists of: health plan design, data-management, participation in the SafeCare program and

additional quality improvement trainings. In particular, all clinics in KSHI programs are enrolled in the

SafeCare program, in which they are assessed and receive quality improvement reports. In this analysis,

expenses related to operational research and impact evaluation were not taken into account.

We accounted for start-up costs of the program in 2006 (enrolment began in 2007). A contract with

Kwara State Government has been signed to take over the responsibility of the program at the end of

2018. Therefore, the above-service costs have been calculated over the 2006–2018 period. For the

years 2006 to 2013, financial records audited by accountants and consistent with subsidy statements

from donors were used. The amounts related to 2014 to 2016 are based on budgets. From 2016

to 2018, the figures are based on projections. Although the Kwara State Governor signed a contract

to enrol 600.000 people in the program by 2018, a lower target has been assumed in this analysis (a

conservative assumption). As of December 2014, the program had reached 40% of its enrolment target.

Therefore, as a conservative assumption, it is assumed that 40% of the original target will be reached by

2018 (40%·600,000 = 243,000 people enrolled in December 2018), which represents the basis for our

projections.

The weighted average (weighted by number of enrolees per year) of above-service program costs per

enrolee per year, over the full program period, was estimated at US$ 2012 24.10. We added this as a

mark-up to all patients in the intervention scenario only.

Reference scenario

Overview of costs
For the main analysis, ANC, uncomplicated and complicated delivery (in EOC) costs were assumed

to be the same as those in the KSHI scenario: ANC, US$ 2012 12.4–61.5; uncomplicated delivery,

US$2012 9.65–27.2; and complicated delivery, US$2012 46.7–53.3. These were in accordance to costs

for ANC (US$2005 23.75–25.10; US$2012 44.8–47.3), and a conservative estimate compared to the

costs found in the literature for normal delivery at a facility offering EOC (US$2005 18.74–18.82;

US$2012 35.3–35.5), and complicated deliveries (from US$2005 23.7–150.8; US$2012 44.6–284.3)

at comprehensive obstetric care facility [23]. This particular assumption was assessed by varying the

costs of base case services.

The treatment of fistula has been estimated to cost from US$2012 190.9 to 382.8 [42]. These costs
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Scenario 1
access to ANC in SoC Base case 0.6-0.7

Base case, scenario 1 0.8-0.9
delivery in health facility in SoC Base case 0.4-0.6

Base case, scenario 1 0.65-0.7
Scenario 2
cost ANC in SoC Base case 12.4–61.5

Base case, scenario 2 44.8–47.3
cost delivery no complications in SoC Base case 9.7–27.2

Base case, scenario 2 35.3–35.5
cost delivery complications in SoC Base case 46.7–53.3

Base case, scenario 2 44.6–284.3
Access to EOC if delivery in HF Base case 0.9–0.95

Base case, scenario 2 1
rr of hypertensive disorders if ANC Base case 0.123

Base case, scenario 2 0.41
Scenario 3
access to ANC in SoC Base case 0.6–0.7

Base case, scenario 3 0.8–0.9
delivery in health facility in SoC Base case 0.4–0.6

Base case, scenario 3 0.65–0.7
cost ANC in SoC Base case 12.4–61.5

Base case, scenario 3 44.8–47.3
cost delivery no complications in SoC Base case 9.7–27.2

Base case, scenario 3 35.3–35.5
cost delivery complications in SoC Base case 46.7–53.3

Base case, scenario 3 44.6–284.3
Access to EOC if delivery in HF Base case 0.9–0.95

Base case, scenario 3 1
rr of hypertensive disorders if ANC Base case 0.123

Base case, scenario 3 0.41

Table S5.11: Alternative base case scenarios: assumptions
Notes: ANC = antenatal care. SoC = standard of care. EOC = emergency obstetric care. HF = health facility. rr = risk reduction.

include direct costs related to consumables and staff time for treatment and postoperative care. We

also included a mark-up of 20–30% as suggested in the literature for Nigeria [43, 44] to account for

indirect costs such as managerial, administrative and support staff, utilities and communication costs.

The cost for treatment of severe anaemia was estimated following published guidelines [32] using an

ingredients costing approach. The costs included treatment for six months post-partum, three outpatient

visits, and two tests. Cost for drugs and tests were calculated from the data collected in the KSHI

scenario and the outpatient visit cost was sourced from WHO-CHOICE [45]. We assumed 74.8% of

women access postnatal care in Kwara State [5] in the standard of care scenario while the proportion of

women accessing postnatal care in the KSHI scenario was set at the same as those accessing ANC.

Sensitivity analysis

To assess the sensitivity of our results to the performance of the base case, we defined three alternative

base case scenarios. Assumptions made are presented in table S5.10.

102



We performed a series of one-way sensitivity analyses, all assumptions and detailed results are

presented in table S5.11, additional results (these correspond to figure 5.3: one-way sensitivity analysis

in the main text).

Additional results

Figure S5.1: schematic of model pathways.
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Parameter Assumption ICER, mean

Discount rate Base case 0.03 46.36
high 0.1 110.38
low 0 26.85

p haemorrhage Base case 0.051 46.36
high 0.2 43.57
low 0.001 47.22

p sepsis Base case 0.017 46.36
high 0.1 35.06
low 0.001 49.95

p hypertensive disorders Base case 0.085 46.36
high 0.2 20.61
low 0.001 374.84

p obstructed labour Base case 0.06 46.36
high 0.2 46.73
low 0.001 46.07

p death, haemorrhage Base case 0.028 46.36
high 1 38.6
low 0 47.86

p death, sepsis Base case 0.73 46.36
high 1 37.68
low 0 257.4

p death, hypertensive disorders Base case 0.083 46.36
high 1 24.21
low 0 50.51

p death, obstructed labour Base case 0.007 46.36
high 1 32.84
low 0 46.39

p anaemia Base case 0.12 46.36
high 0.5 46.93
low 0.001 45.69

p infertility Base case 0.1 46.36
high 0.5 66.68
low 0.001 39.09

p fistula Base case 0.14 46.36
high 0.5 46.24
low 0.001 46.49

cost fistula repair Base case 190.953 46.36
high 572.859 46.29
low 63.651 46.41

cost anaemia treatment Base case 9.806628097 46.36
high 29.41988429 46.36
low 3.268876032 46.36

above service cost Base case 24.1 46.36
high 250 338.81
low 5 21.63

duration disability, anaemia Base case 0.5y 46.36
high 2y 46.31
low 1mo 46.37

duration disability, fistula Base case 36.6y 46.36
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high 50y 46.35
low 1y 46.41

duration disability, infertility Base case 21.4y 46.36
high 40y 46.33
low 1y 46.4

Table S5.12: One-way sensitivity analysis, all
P = probability.

Figure S5.2: Acceptability curve.
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Abstract

Background: Access to and utilisation of quality maternal and child healthcare services is generally

recognized as the best way to reduce maternal and child mortality.

Objectives: We evaluated whether the introduction of a voluntary family health insurance programme,

combined with quality improvement of healthcare facilities [The Community Health Plan (TCHP)],

and the introduction of free access to delivery services in all public facilities [Free Maternity Services

programme (FMS)] increased antenatal care utilisation and use of facility deliveries among pregnant

women in rural Kenya.

Methods: TCHP was introduced in 2011, whilst the FMS programme was launched in 2013. To measure

the impact of TCHP, percentage points (PP) changes in antenatal care utilisation and facility deliveries

from the pre-TCHP to the post-TCHP period between the TCHP programme area and a control area

were compared in multivariable difference-in-differences analysis. To measure the impact of the FMS

programme, PP changes in antenatal care utilisation and facility deliveries from the pre-FMS to the

post-FMS period in the pooled TCHP programme and control areas was assessed in multivariable logistic

regression analysis. Data were collected through household surveys in 2011 and 2014. Households

(n = 549) were randomly selected from the member lists of 2 dairy companies, and all full-term

pregnancies in the 3.5 years preceding the baseline and follow-up survey among women aged 15 to

49 at the time of pregnancy were eligible for this study (n = 295).

Findings: Because only 4.1% of eligible women were insured through TCHP during pregnancy, any

increase in utilisation attributable to the TCHP programme could only have come about as a result of

the quality improvements in TCHP facilities. Antenatal care utilisation significantly increased after

TCHP was introduced [14.4 percentage points (PP); 95%CI: 4.5–24.3; P = 0.004], whereas no effect

was observed of the programme on facility deliveries (8.8 PP; 95%CI: -14.1 to +31.7; P = 0.45).

Facility deliveries significantly increased after the introduction of the FMS programme (27.9 PP; 95%CI:

11.8–44.1; P = 0.001), but antenatal care utilisation did not change significantly (4.0 PP; 95%CI: -0.6 to

+8.5; P = 0.09).

Conclusions: Access to the FMS programme increased facility deliveries substantially and may

contribute to improved maternal and new-born health and survival if the quality of delivery services

is sustained or further improved. Despite low up-take, TCHP had a positive effect on antenatal care

utilisation among uninsured women by improving the quality of existing healthcare facilities. An

alignment of the two programmes could potentially lead to optimal results.
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Introduction

The maternal mortality ratio (MMR) in Kenya was estimated at 510 deaths per 100,000 live births and

neonatal mortality was estimated at 22 deaths per 1,000 live births in 2015 [1], whilst the Sustainable

Development Goals targets for 2030 are 70 per 100,000 and 12 per 1,000, respectively [2]. Access to

and utilisation of quality maternity and child health services is generally recognized as the best way to

lower maternal and neonatal mortality [3–5].

The Kenyan demographic health surveys from 2008–2009 and 2014 showed high antenatal care

utilisation, with 92% and 96% of women receiving antenatal care from a skilled provider (doctor, nurse,

or midwife), respectively. [6,7]. About half of these women made the 4 visits recommended by the World

Health Organization. However, even though facility delivery showed a large increase between 2008–2009

and 2014, still only 43% and 61% of women reported a facility delivery in these years, respectively [6,7].

Showing that that there is room for development and evaluation of novel interventions.

In 2011, Africa Air Rescue insurance Kenya, the Health Insurance Fund and PharmAccess

Foundation introduced The Community Healthcare Plan (TCHP) to improve access to affordable and

quality healthcare for dairy farmers and their families in rural Nandi North, Kenya. TCHP integrates

the provision of private health insurance (demand side) with improvement of quality of care offered by

healthcare facilities (supply side).

In 2013, Kenya’s President Kenyatta signed the Health Bill 2013 that waived fees for maternity

services in all public facilities under the name of Free Maternity Services (FMS) programme. This

programme aims to lower the national neonatal and maternal mortality rates [8].

We evaluated whether the TCHP and FMS programmes increased antenatal care utilisation and

facility deliveries among pregnant women in rural Nandi County, Kenya.

Methods

Study setting, study area, and the TCHP and FMS programmes

Nandi County is situated in the Western region of Kenya with a total population of 752,965 based on

the 2009 National Population and Housing Census. The 2008–2009 Kenyan demographic health survey

reported that in Nandi County, 91.5% of women made at least one antenatal care visit with a skilled

provider, as opposed to no visits or visits with a community health worker or traditional birth attendant,

and 42.6% of women delivered in a healthcare facility [6].

On 1 April 2011, TCHP began providing health insurance to dairy farmer households of Tanykina

Dairy Company, a cooperative of dairy farmers in Nandi North (TCHP programme area). In the 2 months

before the insurance was introduced, the programme facilitated quality improvements in 7 participating

healthcare facilities (3 public, 3 private, and 1 public referral hospital). Dairy farmer households of

Lelbren Dairy Company in Nandi East were chosen as the TCHP control study group, as they were

comparable to dairy farmer households in the TCHP programme area in terms of socio-demographic and

socio-economic characteristics. Before the introduction of the programme, the healthcare facilities in

both areas provided similar quality services.

Enrolment in the TCHP insurance scheme was voluntary and on a family basis. Covered maternity

services included antenatal care, delivery including caesarean section, neonatal care, and pharmacy costs
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for prescribed medication. At the time of this study, the insurance premium was 300 Kenyan Shilling

(KSh) for a basic package and 1,100 KSh for a comprehensive package per family per month, which

corresponded to ∼0.9% and ∼3.3% of average monthly household consumption, respectively, among

the surveyed households before the introduction of TCHP. The basic package gave access to outpatient

primary and maternity care up to a referral level and the comprehensive package additionally gave access

to inpatient care up to a referral level.

Quality and efficiency of healthcare were monitored through independent audits by an international

quality improvement and assessment body called SafeCare [9], a partnership between the PharmAccess

Foundation, the American Joint Commission International and the Council for Health Services

Accreditation of Southern Africa. Prior to participation in TCHP, SafeCare would conduct a baseline

assessment of a healthcare facility and formulate a quality improvement plan, which subsequently was

implemented by the facility. Examples of quality improvement interventions included implementation

of treatment guidelines and protocols for waste management, and hospital infection control, training

of staff in guideline-based care and adequate medical file keeping, hospital renovation, upgrading of

laboratory equipment, and training of laboratory staff in basic laboratory testing, and assurance of

continuous essential drug supplies. SafeCare monitored the progress on quality improvement through

annual follow-up assessments collecting scores using the SafeCare Quality Standards [10, 11].

On 1 June 2013, the national FMS programme was introduced by the Kenyan government. After

the launch of the FMS programme delivery care services, including caesarean delivery, were free of

charge in all public healthcare facilities (delivery costs would be reimbursed by the government directly

to providers). It was assumed that the facilities would cover the costs of antenatal care visits from their

FMS budget such that it would be free of charge to all pregnant women, as well.

Additionally, women in the study area also had access to National Health Insurance Fund (NHIF)

health insurance since 1966. At the time of this study, NHIF offered both inpatient and outpatient health

insurance to all Kenyan citizens. The inpatient scheme was compulsory for formal sector workers and

their family members and premiums were dependent on income, whereas for informal sector workers it

was voluntary. The outpatient scheme was available for civil servants only. The inpatient scheme covered

maternity services, comparable to the coverage under the TCHP scheme.

Upon his re-election in October 2017, President Kenyatta indicated that he wants all Kenyans to

have comprehensive health insurance within 5 years. NHIF was tasked with this promise. Hereto, NHIF

introduced SupaCover, a comprehensive health insurance package covering both outpatient and inpatient

care to formal sector employees as well as the informal sector.

Study design, data collection, and participants

We applied a quasi-experimental controlled before-after design to measure the impact of the TCHP

programme 3.5 years after its introduction. Additionally, since the FMS programme was launched in the

whole country, including in the TCHP control area, a before-after design was used to measure the effect

of the FMS programme 1.5 year after it was launched.

Based on the Tanykina and Lelbren Dairy Company member lists, a random representative sample

of 1,200 households was drawn from the TCHP programme and control areas. A baseline survey was

carried out among the 1,200 households in February 2011, shortly before the introduction of TCHP. A

follow-up survey was carried out among a smaller random subsample of 549 households in November
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2014. In this study we used the baseline and follow-up data of these 549 households only. A fixed sample

size of 549 households would allow us to measure a minimum impact of a 12.7 percentage points (PP)

increase in the outcomes, with a power of 80% using a two-tailed test and a 0.05 level of significance.

Households were included in the surveys after written informed consent was obtained from the individual

adult household members. For members younger than 18 years consent was obtained from the household

head.

In addition, 25 in-depth stakeholder interviews about the TCHP, FMS, and NHIF programmes were

conducted in November 2014. Stakeholder interviews were conducted with directors of healthcare

facilities in Nandi County, government officials, and employees from Tanykina Dairy Company, TCHP,

and NHIF.

The 3.5 years prior to the baseline survey were defined as pre-TCHP period (1 September 2007–28

February 2011) and the 3.5 years after were defined as post-TCHP period (1 May 2011–31 October

2014). Within the post-TCHP period, the 2 years prior to the FMS programme was launched were

defined as pre-FMS period (1 March 2011–31 May 2013) and the 1.5 years after its launch were defined

as post-FMS period (1 June 2013–31 October 2014).

All reported pregnancies and deliveries (full-term pregnancies) between 1 September 2007 and 31

October 2014 from women aged 15 to 49 years at the time of pregnancy were eligible for this study

(repeated cross-sections).

Ethical clearance

Ethical approval for the study was obtained from the Kenyan Medical Research Institute in Nairobi,

Kenya (16/09/2014, KEMRI/RES/7/3/1).

Outcomes

Antenatal care utilisation was defined as making at least 1 antenatal care visit at a healthcare facility and

facility delivery was defined as delivery in any healthcare facility, as reported by the women during the

household surveys. If a woman delivered twice during the follow-up-period (n = 6), then only her most

recent delivery was included in the analyses, as within the baseline-period only information of the last

delivery was available.

Statistical analysis

We measured the intention-to-treat impact of the TCHP programme as very few eligible women were

enrolled in the TCHP insurance scheme during the post-TCHP period. All women living in the TCHP

programme area had the opportunity to utilise improved quality maternal and child health services in the

upgraded TCHP facilities, regardless their enrolment in the TCHP health insurance, although uninsured

women had to pay for these services. The intention-to-treat approach considers all women to be in the

intervention group irrespective of whether they were insured through the TCHP scheme, which therefore

avoids the bias introduced by voluntary insurance uptake and incorporates the independent effect of the

quality improvements on uninsured women. Difference-in-differences analysis was used to estimate the

intention-to-treat impact, as the percentage points (PP) change in antenatal care utilisation and facility

deliveries from the pre-TCHP period to the post-TCHP period in the TCHP programme area, adjusted for
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the change in the TCHP control area (see the Supplementary Data for more information on the specified

difference-in-differences model) [11–14].

As the FMS programme was introduced in both areas, the effect of the FMS programme was

estimated by a before-after comparison of the outcome variables in the pooled TCHP programme and

control areas. Logistic regression analysis was used to estimate the effect of the FMS programme [15],

as the PP change in antenatal care utilisation and facility deliveries from the pre-FMS period to the

post-FMS period (see Supplementary Data Chapter 7 for more information on the specified logistic

model). The effect of being enrolled in NHIF health insurance was also estimated in this analysis. Since

most women had mandatory insurance with NHIF through work in the formal sector, selection bias—as

a result of women who enrolled in the NHIF insurance scheme because they expected to get pregnant in

the near future and consequently wanted to use NHIF for maternal healthcare utilisation—does not pose

a problem here.

Confounders were selected based on Gabrysch and Campbell’s conceptual framework [16]. This

framework distinguishes four sets of variables related to maternal and child healthcare utilisation, namely

perceived needs (age, parity, and complications during previous deliveries), socio-demographic factors

(religion and ethnicity), socio-economic factors (marital status, female household head, educational

level household head, household consumption, daily per capita consumption below US$2, and NHIF

enrolment status), and physical accessibility (distance to nearest health facility). Educational level of the

household head and household consumption were included at their baseline value to avoid endogeneity

problems. In the multivariable analyses, all a-priori selected confounders were included, irrespective of

whether they were statistically significant. In addition, all analyses were corrected for heteroscedasticity.

Data were analysed using STATA, version 12.1 (StataCorp LP, College Station, Texas, USA).

Results

Participants

Within the 549 surveyed households, 44.4% of 392 interviewed women of reproductive age had a

full-term pregnancy during the pre-TCHP period [40.8% (n = 255) in the TCHP programme area and

51.1% (n = 137) in the TCHP control area] and 20.3% of 594 interviewed women of reproductive age

had a full-term pregnancy during the post-TCHP period [19.8% (n = 369) in the TCHP programme area

and 21.2% (n = 226) in the TCHP control area] (Figure 6.1).

In both areas the fertility rate dropped by 54.2% over time (51.5% in the TCHP programme area and

58.4% in the TCHP control area). At follow-up, 56.0% of reproductive women reported to currently use

birth control methods to prevent pregnancy or to space birth (59.0% in the TCHP programme area and

52.8% in the TCHP control area, data were not collected at baseline).

Non-response rates (due to absence or refusal to take the survey) among women of reproductive

age were similar in the TCHP programme and the control areas at baseline [32.4% (n = 377) vs 33.5%

(n = 206), respectively, P = 0.78] and at follow-up [19.4% (n = 458) vs 19.0% (n = 279), respectively,

P = 0.88].
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2011
Baseline survey

883 households
interviewed

357 (40.4%)
households included

377 women aged
15–49 identified

255 (67.6%)
women interviewed

104 (40.8%) women
had full-term pregnancy
during baseline period

(1 Sep ’07–28 Feb ’11)

89 women excluded:
22 refused
67 were not present

296 women excluded:
289 not pregnant <3.5 yrs
7 no full-term pregnancy

526 households
were not included in
follow-up survey at random

122 women excluded:
6 refused
116 were not present

151 women excluded:
140 not pregnant <3.5 yrs
11 no full-term pregnancy

2014
Follow-up survey

458 women aged
15–49 identified

357
household interviewed

369 (80.6%)
women interviewed

73 (19.8%) women
had full-term pregnancy
during follow-up period
(1 May ’11–31 Oct ’14)

Programme area

2011
Baseline survey

432 households
interviewed

192 (44.4%)
households included

206 women aged
15–49 identified

137 (66.5%)
women interviewed

70 (51.1%) women
had been pregnant

during baseline period
(1 Sep ’07–28 Feb ’11)

53 women excluded:
1 refused
52 were not present

178 women excluded:
171 not pregnant <3.5 yrs
7 no full-term pregnancy

240 households
were not included in
follow-up survey at random

69 women excluded:
5 refused
64 were not present

67 women excluded:
53 not pregnant <3.5 yrs
13 no full-term pregnancy
1 missing key variables

2014
Follow-up survey

279 women aged
15–49 identified

192
household interviewed

226 (81.0%)
women interviewed

48 (21.2%) women
had been pregnant

during follow-up period
(1 May ’11–31 Oct ’14)

Control area

Figure 6.1: Study flowchart
Source: 2011 and 2014 household surveys.
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Population characteristics

Whilst the TCHP programme and control areas were well balanced for most characteristics, significant

differences were observed with respect to the distribution of education of the household head and

household consumption before the introduction of the TCHP programme (Table 6.1). Significantly

more women in the TCHP programme area were living with a household head without any education

(P = 0.034) and were living in a household with total household consumption in the lowest quintile

(P < 0.001).

In addition, women in the pre-TCHP group (i.e. women who reported a pregnancy in the 3.5

years prior to the baseline survey) and women in the post-TCHP group (i.e. women who reported a

pregnancy in the 3.5 years prior to the follow-up survey) were comparable, as they had similar observed

characteristics before the introduction of the TCHP programme (Table S6.1).

Moreover, women in the pre-FMS group (i.e. women who reported a pregnancy in the 2 years prior

to the introduction of the FMS programme) and women in the post-FMS group (i.e. women who reported

a pregnancy in the 1.5 years after the introduction of the FMS programme) were also comparable, as they

had similar characteristics, as observed before the introduction of the FSM programme (Table S6.2).

Before the introduction of TCHP in the TCHP programme area, 18.9% of 175 women with a full-term

pregnancy during the pre-TCHP period were already (mandatory) insured with NHIF [19.2% (n = 104)

in the TCHP programme area and 18.6% (n = 70) in the TCHP control area] (Table 6.1).

TCHP insurance enrolment

In the TCHP programme area, 3 of 73 women with a full-term pregnancy during the post-TCHP period

were insured with TCHP during pregnancy, including at the time of delivery. One of these 3 women was

also mandatory insured with NHIF. Only 1 woman used her TCHP insurance for antenatal care visits

and delivery, whereas the other 2 women went to a non-TCHP facility for their antenatal care visits and

delivered either in this non-TCHP facility or at home. The woman insured with both TCHP and NHIF

went to a non-TCHP facility for her antenatal care visits and delivery.

Antenatal care utilisation

Antenatal care utilisation during the pre-TCHP period was significantly lower among women in the

TCHP programme area, compared to the TCHP control area (P < 0.001) (Table 6.1). Antenatal care

utilisation in the TCHP programme area increased from 85.6% of women (n= 104) during the pre-TCHP

period to 93.3% (n = 30) after the introduction of the TCHP programme and then continued to grow to

100.0% (n = 43) after the introduction of the FMS programme (Figure 6.2). In the TCHP control area

antenatal care utilisation was consistently high at 100% (n = 97) up to the introduction of the FMS

programme and decreased to 90.5% (n = 21) after the introduction of the FMS programme.

Of the 71 women who made antenatal care visits during the post-TCHP period in the TCHP

programme area, 50.7% made between 1 and 3 antenatal care visits and 49.3% made at least 4 visits (data

were not collected at baseline). Of the 46 women who made antenatal care visits during the post-TCHP

period in the TCHP control area, 50.0% made between 1 and 3 visits and 50.0% made 4 or more visits.

Before the introduction of the FMS programme, women in both areas (n = 57) reported to have paid

on average 45 KSh in public facilities and 231 KSh in private facilities for their antenatal care visits in
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Baseline period Follow-up period
(1 September ’07–28 February ’11) (1 May ’11–30 October ’14)

Programme Control Programme Control
(n = 104) (n = 70) P (n = 73) (n = 48) P

Outcomes
≥ 1 Antenatal care visit(s) 89 (85.6) 70 (100.0) 0.001 71 (97.3) 46 (95.8) 0.67
Facility delivery 37 (35.6) 26 (37.1) 0.83 39 (53.4) 23 (47.9) 0.56
Perceived needs
Age [mean (sd)] 33.10 (7.59) 34.70 (9.90) 0.23 29.58 (7.93) 30.94 (6.73) 0.33
Parity

1st pregnancy 7 (6.7) 4 (5.7) 0.79 21 (28.8) 12 (25.0) 0.65
2nd–3rd pregnancy 38 (36.5) 17 (24.3) 0.09 24 (32.9) 9 (18.8) 0.09
≥4th pregnancy 59 (56.7) 49 (70.0) 0.08 28 (38.4) 27 (56.3) 0.054

Complicationsa 15 (14.4) 10 (14.3) 0.98 6 (8.2) 3 (6.3) 0.69
Socio-demographic
Christian 99 (95.2) 61 (87.1) 0.06 69 (94.5) 42 (87.5) 0.17
Kalenjin (ethnicity) 104 (100.0) 71 (100.0) 1.00 72 (98.6) 48 (100.0) 0.42
Socio-economic
Married 89 (85.6) 59 (84.3) 0.82 40 (54.8) 36 (75.0) 0.02
Female household head 13 (12.5) 6 (8.6) 0.42 18 (24.7) 7 (14.6) 0.18
Educational level household head

None 43 (41.4) 18 (25.7) 0.03 27 (37.0) 12 (25.0) 0.17
Primary 32 (30.8) 19 (27.1) 0.61 26 (35.6) 16 (33.3) 0.80
Secondary 21 (20.2) 23 (32.9) 0.06 12 (16.4) 15 (31.3) 0.06
Tertiary 8 (7.7) 10 (14.3) 0.16 8 (11.0) 5 (10.4) 0.93

Household consumption quintile
First 34 (32.7) 7 (10.0) <0.001 18 (24.7) 3 (6.3) 0.009
Second 23 (22.1) 15 (21.4) 0.92 14 (19.2) 13 (27.1) 0.31
Third 22 (21.2) 15 (21.4) 0.97 11 (15.1) 11 (22.9) 0.28
Fourth 14 (13.5) 17 (24.3) 0.07 16 (21.9) 13 (27.1) 0.52
Fifth 11 (10.6) 16 (22.9) 0.03 14 (19.2) 8 (16.7) 0.73

Poor (<US$2 a day) 19 (18.3) 15 (21.4) 0.61 16 (21.9) 9 (18.8) 0.68
Insured during pregnancy

TCHP 0 (0.0) 0 (0.0) 1.00 3 (4.1) 0 (0.0) 0.16
(Mandatory) NIHF 20 (19.2) 13 (18.6) 0.91 17 (23.3) 18 (37.5) 0.09

Physical accessibility
Nearest health facility (km) [mean (SD)] 3.38 (1.98) 3.69 (1.36) 0.25 3.09 (1.90) 3.59 (1.53) 0.13

Table 6.1: Characteristics of women who reported a pregnancy in the pre-TCHP period (1 Sep 2007–28 Feb 2011) or
post-TCHP period (1 May 2011–31 Oct 2014), by area (TCHP programme versus TCHP control
Source/Notes: 2011 and 2014 household surveys. Data are number (%) of women or mean (SD) (for age and distance to nearest
health facility). aComplications during the most recently delivery. bDaily per capita consumption below US$2 a day.

total, whereas women paid on average 135 KSh in public facilities and 73 KSh in private facilities in

total after the introduction of the FMS programme (n = 64).

Facility deliveries

The percentage of women who delivered in a facility in the TCHP programme area increased from 35.6%

(n = 104) during the pre-TCHP period to 43.3% (n = 30) after the introduction of the TCHP programme

and then further increased to 60.5% (n = 43) after the introduction of the FMS programme (Figure 6.3).
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Figure 6.2: Percentage of women who reported to have made at least 1 antenatal care visit in a health facility, over time
Source/Notes: 2011 and 2014 household surveys. TCHP = The Community Health Plan, FMS = Free Maternity Services.
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Figure 6.3: Percentage of deliveries that were reported to have taken place in a health facility, over time
Source/Notes: 2011 and 2014 household surveys. TCHP = The Community Health Plan, FMS = Free Maternity Services.

In the TCHP control area facility deliveries remained stable, 37.1% (n = 70) at baseline and 37.0%

(n = 27) after the introduction of TCHP, and then increased to 61.9% (n = 21) after the introduction of

the FMS programme.
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Before the introduction of the FMS programme, women in both areas (n = 57) reported to have

paid on average 775 KSh in public facilities and 1368 KSh in private facilities for the delivery, whereas

women paid on average 0 KSh in public facilities and 1529 KSh in private facilities after the introduction

of the FMS programme (n = 64).

The main reasons for not delivering in a health facility before the introduction of the FMS programme

were ‘the contractions came too suddenly’ (53.3%) and ‘tradition to deliver at home with traditional birth

attendant’ (20.0%) (data were not collected at baseline). The main reasons for not delivering in a health

facility after the introduction of the FMS programme also were ‘the contractions came to suddenly’

(53.6%) and ‘tradition to deliver at home with traditional birth attendant’ (17.9%).

Intention-to-treat impact of the TCHP programme

After adjusting for observed confounders, the increase in antenatal care utilisation from the pre-TCHP

period to the post-TCHP period was 14.4 PP (95%CI: 4.5–24.3; P = 0.004) greater in the TCHP

programme area than the change in the TCHP control area (Table 6.2). We did not find a significant

effect of the TCHP programme on facility deliveries (8.8 PP; 95%CI: −14.1 to +31.7; P = 0.45).

Effect of the FMS programme

We did not find a significant effect of the FMS programme on antenatal care utilisation (4.0 PP; 95%CI:

−0.6 to +8.5; P = 0.09) (Table 6.2). However, facility deliveries significantly increased after the

introduction of the FMS programme by 27.9 PP (95%CI: 11.8–44.1; P = 0.001).

Enrolment in NHIF was not significantly associated with antenatal care utilisation (1.8%; 95%CI:

−3.4 to +6.9; P = 0.50) or facility delivery (7.1%; 95%CI: −10.7 to +25.0; P = 0.44).

Pre-specified subgroup analyses indicated that the probability of facility delivery was highest among

women who were pregnant for the first time and women who experienced complications during their

(previous) delivery, whereas the probability was lowest among women living below US$2 a day, both

before and after the introduction of the FMS programme (Table 6.3). The increase in facility deliveries as

a result of the FMS programme was significant among all subgroups, but was highest among multiparous

women (27.5 PP) and women who did not experience complications during their (previous) delivery

Outcome: ≥ 1 Antenatal care visit(s) Facility delivery
Unadjusted Adjusted Unadjusted Adjusted

Impact TCHP 15.9 14.4 7.1 8.8
(95% CI) (6.2–25.5) (4.5–24.3) (−16.5 to +13.2) (−14.1 to +31.7)
P 0.001 0.004 0.56 0.45

Effect FMS 4.2 4.0 23.7 27.9
(95% CI) (−1.2 to +9.7) (−0.6 to +8.5) (10.2–37.2) (11.8–44.1)
P 0.13 0.09 0.001 0.001

Obs. 295 295 295 295

Table 6.2: Estimated effect of the TCHP and FMS programmes on antenatal care utilisation and facility delivery
Source/Notes: 2011 and 2014 household surveys. Adjusted for the following observed confounders: age, parity, complications
during (previous) delivery, Christian, married, female household head, educational level household head at baseline, household
consumption at baseline, daily per capita consumption below US$2, NHIF enrolment status, and distance to nearest health
facility. 95% Confidence Intervals (CI) are based on robust standard errors. aMarginal effect, evaluated at the mean values of
the observed confounders.
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Outcome: Facility delivery pre- post-
FMS programme FMS programme
% % Change (PP) P

All women (n = 295) 35.0 62.9 27.9 0.001

First time pregnant 63.6 84.6 21.0 0.008
Not first time pregnant 30.4 57.9 27.5 0.001
Difference (PP) 33.1 26.7
P 0.005 0.003

Complications during (previous) delivery 69.4 87.8 18.3 0.001
No complications during (previous) delivery 30.8 58.4 27.6 0.001
Difference (PP) 38.6 29.3
P <0.001 <0.001

Consumption in highest quintile 51.2 76.8 25.6 0.001
Living below US$2 a day 21.1 46.0 24.7 0.002
Difference (PP) 29.9 30.8
P 0.003 0.002

Table 6.3: Estimated probability and changes in probabilities of facility delivery, by subgroups
Source/Notes: 2011 and 2014 household surveys. PP = percentage points. Adjusted for the following observed confounders:
age, parity, complications during (previous) delivery, Christian, married, female household head, educational level household
head at baseline, household wealth at baseline, daily per capita consumption below US$2, NHIF enrolment status, and distance
to nearest health facility, held at their mean values. Reported complications included ‘high blood pressure’, ‘prolonged labour’,
‘maternal bleeding’, ‘cesarean section’, and ‘placenta did not come out’.

(27.6 PP). Women with consumption in the highest quintile and women living below US$2 a day

showed a similar increase in facility delivery (25.6 PP vs 24.7 PP, respectively). However, after the

introduction of the FMS programme women living below US$2 a day still had a significantly lower

probability of delivering in a facility than women with consumption in the highest quintile (46.0% vs

76.8%, respectively, P = 0.002) (Table 6.3).

Discussion and Conclusion

This study provides evidence that the FMS programme was positively associated with facility deliveries

among women living in Nandi County. The number of facility deliveries increased by 27.9 PP (or 75%)

after the introduction of the FMS programme. This finding is in line with the findings of another study

that also assessed the impact of the FMS programme on utilisation of maternal health services [17]. This

suggests that there is a high latent demand for facility deliveries among women in Nandi county—and

likely in the rest of Kenya, as well—and that the government programme is at least partly able to address

this demand.

Stakeholder interviews with hospital staff indicated that, even though the number of deliveries

substantially increased after introduction of the FMS programme in public facilities, the number of

staff members was not increased and supplies were running out and were not replenished, resulting

in a decline in the quality of delivery care provided by these facilities (data not shown) [18, 19]. A study

among facility staff at the maternity unit of 2 public facilities indicated major implementation challenges

of the FMS programme, as well, including inadequate supplies, staff shortage, lack of motivation among

health workers, and overwhelming workload [20]. Increasing access to facility deliveries will have a less

beneficial effect on maternal and child health and survival if the available healthcare is of poor quality.
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Thus, the FMS programme should also focus on sustaining and improving quality of care.

We did not find an effect of the FMS programme on antenatal care utilisation. We observed that

in practise most facilities did not cover the costs of antenatal care from their FMS budget, and that the

average total costs of antenatal care visits even increased in public facilities after the introduction of the

FMS programme, whereas the average total costs in private facilities decreased. This might have resulted

in women abstaining from making antenatal care visits in public facilities and instead making these visits

in private facilities after the introduction of the FMS programme, in particular in the upgraded TCHP

facilities.

On the other hand, antenatal care utilisation did significantly increase after the introduction of the

TCHP programme. However, as only 3 women were insured with TCHP during pregnancy, this impact of

the TCHP programme could only be a result of (uninsured) women who chose to make use of improved

quality maternal and child healthcare services in the upgraded TCHP facilities. In depth interviews

indeed indicated that before the introduction of the TCHP programme women would travel to the nearest

public referral hospital as they did not trust the available antenatal care services nearby (data not shown).

The TCHP programme ensured that quality maternal services became available closer to their homes,

reducing travel costs.

However, even though we saw a small increase in facility deliveries in the TCHP programme area

after the introduction of TCHP, we were not able to calculate reliable estimates of the effect of TCHP on

facility deliveries, because our sample was too small to measure impacts below a 12.7 PP increase.

A limitation of this study is the high utilisation of antenatal care in the TCHP control area, which

was at a maximum and could only remain stable or decrease and hence is not an optimal comparator.

However, excluding the women without antenatal care utilisation during the post-TCHP period in the

control area (n = 2) only slightly attenuated the TCHP impact to a 10.0 PP increase (95%CI: 2.1–17.9;

P = 0.014), after adjusting for observed confounders. This shows that antenatal care utilisation also

significantly increased in the TCHP programme area in a scenario where antenatal care utilisation in

the TCHP control area remained stable at 100%. Moreover, given that the TCHP programme area was

poorer and lower educated at baseline, compared to the TCHP control area, it seems plausible that the

catch up effect in antenatal care utilisation could have been brought about by the TCHP programme.

Another limitation of this study was the lack of a control area in the FMS programme evaluation, as

the FMS programme was introduced in the whole of Kenya. Lacking a control group makes it impossible

to disentangle the increase in facility delivery as a result of the introduction of the FMS programme from

any increase or decrease that potentially would have happened over time ‘naturally’. However, we could

calculate the change in hospital deliveries in the TCHP control area over time before the introduction of

the FMS programme and extrapolate, where we exclude the TCHP programme area in this calculation as

any change there could have been a result of the introduction of the TCHP programme. This calculation

shows that there was no change in facility deliveries in the years before the introduction of the FMS

programme (see also Figure 6.3), which would suggest that a ‘natural’ increase would not have occurred

and that the FMS programme effect was likely accurately estimated.

The 54.2% drop in fertility rate in both areas could be the result of a 54.8% increase in the use

of contraceptives between 2009 and 2014 in Nandi County, as observed in the 2008–2009 and 2014

Demographic and Health Surveys [6, 7].

We do not know why enrolment in TCHP among households with pregnant women was low.
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However, with 1 out of 3 women already (mandatory) enrolled in NHIF as well as delivery care services

provided free of charge by the government in all public facilities it turned out difficult for the TCHP

programme to increase enrolment among households. An additional explanation could be TCHP being

a family insurance and not an individual insurance. For example, another study that assessed the impact

of a similar insurance programme in rural Nigeria, but with insurance enrolment at an individual level

showed that insurance enrolment was high among pregnant women (up to 72%), whereas enrolment was

substantially lower among men, non-pregnant women, and children [11]. This suggests that pregnant

women are likely to enrol in insurance, but do potentially less so when the whole household needs to

enroll. Potential reasons for this could be that the costs of enrolling the whole household do not weigh

up against the benefits of the pregnant woman being insured or that to enrol the whole household was

unaffordable.

Previous studies demonstrated that the best way to bring down high maternal and neonatal mortality is

to increase access to and utilisation of quality antenatal and delivery care, including emergency obstetric

care [3–5]. We showed that the FMS programme significantly increased the number of facility deliveries

and that the TCHP programme significantly increased antenatal care utilisation. In theory, the FMS

programme of the Kenyan government makes the inclusion of maternal care in an insurance package

redundant and the TCHP programme and the government programme are at risk of competing with each

other. However, as the TCHP programme also includes quality upgrades for the participating clinics

and hospitals, a further alignment of the two programmes could potentially lead to synergistic results

regarding the health of mother and child.
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Supplementary Data Chapter 6

Difference-in-differences estimator

The difference-in-differences method takes the difference in outcome from the pre-TCHP period to

the post-TCHP period among all women with a full-term pregnancy in the TCHP control area and

subtracts this difference from the difference in outcome from baseline to follow-up among all women

with a full-term pregnancy in the TCHP programme area (regardless of their TCHP insurance status),

controlling for confounding variables. Let yi be the outcome variable (i.e. antenatal care utilisation or

facility delivery) for woman i. The intention-to-treat TCHP programme effect on the respective outcome

was estimated by the following linear probability multivariable difference-in-differences model [1–4]:

yi = α +ρTCHPareai +δPostTCHPi + γTCHPareai ·PostTCHPi +ηNHIFi +X
′
i β + εi (6.1)

where TCHPareai is the treatment indicator that equals 1 if woman i was living in the TCHP programme

area, and 0 otherwise. The treatment indicator captured possible differences between the programme and

control area prior to the introduction of the TCHP programme (measured by ρ . PostTCHPi is a dummy

variable equal to 1 for the period following the introduction of the TCHP programme, and 0 otherwise,

which captured aggregate factors that would cause changes in outcome in the absence of the TCHP

programme (measured by δ ). The interaction term TCHPareai ·PostTCHPi equals 1 if women i was

living in the TCHP programme area during the post-TCHP period, and 0 otherwise. This term measured

the intention-to-treat TCHP programme effect γ (under the assumption that the outcome followed a

similar pre-intervention trend in both areas). NHIFi is a dummy variable equal to 1 if woman i was

(mandatory) insured with NHIF, and 0 otherwise. The vector Xi captured the effects of the observed

confounders on the outcome (measured by the β ’s) and the error-term εi captured unobserved factors

affecting the outcome.

Logistic estimator

The FMS programme effect on the respective outcome was estimated by the following specification,

using multivariable logistic regression [5]:

yi = α +λPostFMSi +ηNHIFi +X
′
i β + εi (6.2)

where PostFMSi is a dummy variable equal to 1 for the period following the introduction of the FMS

programme, and 0 otherwise. This term measured the FMS programme effect λ .
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Supplementary Tables Chapter 6

Pooled areas
Pre-TCHP group Post-TCHP group
(n = 174) (n = 121) P

Socio–demographic
Christian 160 (92.0) 111 (91.7) 0.95
Kalenjin (ethnicity) 174 (100.0) 120 (99.2) 0.23
Socio–economic
Married 148 (85.1) 29/36 (80.6)b 0.50
Female household head 19 (10.9) 10/97 (10.3)c 0.88
Educational level household head

None 61 (35.1) 39 (32.2) 0.62
Primary 51 (29.3) 41 (34.7) 0.33
Secondary 44 (25.3) 27 (22.3) 0.56
Tertiary 18 (10.3) 13 (10.7) 0.93

Household consumption quintile
First 41 (23.6) 21 (17.4) 0.20
Second 38 (21.8) 27 (22.3) 0.92
Third 37 (21.3) 22 (18.2) 0.52
Fourth 31 (17.8) 29 (24.0) 0.20
Fifth 27 (15.5) 22 (18.2) 0.55

Poor (<US$2 a day)a 34 (19.5) 25 (20.7) 0.81
Insured during pregnancy

NIHF (mandatory) 33 (19.0) 27/58 (46.6)d <0.001
Physical accessibility
Nearest health facility (km) [mean (SD)] 3.51 (1.76) 3.29 (1.77) 0.31

Table S6.1: Characteristics of women in both areas before the introduction of the TCHP programme (TCHP baseline),
by period (pre-TCHP group versus post-TCHP group): test for comparability of repeated cross-sections in the TCHP
programme evaluation
Source/Notes: 2011 and 2014 household surveys. Data are number (%) of women or mean (SD) (for distance to nearest
health facility). aDaily per capita consumption below US$2 a day.bTCHP baseline info was observed for only 29 out of 121
women.cTCHP baseline info was observed for 97 out of 121 women.dTCHP baseline info was observed for only 58 out of 121
women.
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Pooled areas
Pre-FMS group Post-FMS group

FMS baseline characteristics (n = 57) (n = 64) P

Socio–demographic
Christian 51 (89.5) 60 (93.8) 0.40
Kalenjin (ethnicity) 57 (100.0) 63 (98.4) 0.35
Socio–economic
Married 41 (71.9) 35 (54.7) 0.05
Female household head 8 (14.0) 17 (26.6) 0.09
Educational level household head

None 13 (22.8) 26 (40.6) 0.04
Primary 23 (40.4) 19 (29.7) 0.22
Secondary 14 (24.6) 13 (20.1) 0.58
Tertiary 7 (12.3) 6 (9.4) 0.61

Household consumption quintile
First 9 (15.8) 12 (18.8) 0.67
Second 13 (22.8) 14 (21.9) 0.90
Third 8 (14.0) 14 (21.9) 0.27
Fourth 17 (29.8) 12 (18.8) 0.16
Fifth 10 (17.5) 12 (18.8) 0.87

Poor (<US$2 a day)a 11 (19.3) 14 (21.9) 0.73
Insured during pregnancy

NIHF (mandatory) 19 (33.3) 16 (25.0) 0.32
Physical accessibility
Nearest health facility (km) [mean (SD)] 3.47 (1.71) 3.13 (1.82) 0.29

Table S6.2: Characteristics of women in both areas before the introduction of the FMS programme (FMS baseline),
by period (pre-FMS group versus post-FMS group): test for comparability of repeated cross-sections in the FMS
programme evaluation
Source/Notes: 2014 household survey. Data are number (%) of women or mean (SD) (for distance to nearest health facility).
aDaily per capita consumption below US$2 a day.
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Summary and discussion

Progress in reducing maternal and child mortality has been made globally since the United Nations

Millennium Development Goals (MDGs) were defined in 2001 and were succeeded by the Sustainable

Development Goals (SDGs) in 2015. Still, maternal and child mortality remain unacceptably high in

sub-Saharan Africa (SSA), showing, showing that current programmes are not effective enough. Without

novel approaches it is hence unlikely that SDG 3.1 (reduced maternal mortality to less than 70 per

100,000 live births) and SDG 3.2 (reduced child mortality to less than 25 per 1,000 live births) will be

achieved by 2030 [1,2]. Moreover, it has only recently been recognized that the SDGs won’t be achieved

without a holistic approach that includes the private sector [3].

The aim of this thesis was to presents data on how a public-private health system intervention

(HIF programme), targeting both the demand and supply sides of the health system, may contribute

to improving maternal and child health in sub-Saharan Africa. This health system intervention consisted

of providing voluntary health insurance covering primary and secondary healthcare, combined with

improving the quality of healthcare facilities. The results of four observational studies and one

cost-effectiveness study were described in this thesis.

Impacts of the HIF programme in Nigeria

In chapters 2 to 4 we evaluated different impacts of the HIF programme on maternal and child health in

rural central Kwara State.

Access to quality obstetric care is considered essential to reducing maternal and new-born mortality.

An estimated 39% of maternal deaths could be averted if all women had access to emergency obstetric

care [4]. Moreover, new-born mortality could decrease by 82% if mothers would switch from delivering

in a low-quality facility to delivering in a facility providing emergency obstetric care [5]. Therefore,

we first assessed the impact of the HIF programme on hospital deliveries among pregnant women in

Chapter 2. We analysed the delivery location (in a hospital or clinic where caesarean sections were

possible versus at home or in a lower quality healthcare facility) of 840 pregnant women. Changes

in hospital deliveries were compared over the period from the 4 pre-programme years to the 4 years

following the introduction of the programme, between the HIF programme area and a control area in

difference-in-differences analysis.

We found that insurance coverage increased from 0% before the HIF programme was introduced in

the programme area to 70.2% in the 4th year after the introduction of the programme. Although hospital

deliveries followed a common stable trend over the 4 pre-programme years, in the 4 years after the

introduction of the HIF programme hospital deliveries significantly increased. Hospital delivery care

utilisation among all women who delivered a child in the HIF programme area, whether enrolled in the

health insurance or not, was 29.3 percentage points (or 62%) higher than the change in the control area

(intention-to-treat impact), corresponding to a relative increase in hospital deliveries of 62%. Women

who did not enrol in the health insurance scheme but who could make use of the upgraded care delivered

significantly more often in a hospital in the 4 years following the introduction of the HIF programme

than women living in the control area. We also found that distance to a HIF programme hospital

was both an independent determinant of hospital delivery and of insurance enrolment. The distance

to programme hospitals should therefore be considered in the programme design of voluntary health
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insurance programmes. Finally, we found that women living in the control area were negatively affected

by two health workers’ strikes in the public sector employment of Kwara State. Around the time of these

strikes, hospital deliveries significantly decreased in the control area, whereas this was not the case in

the programme area. We concluded that voluntary health insurance combined with quality healthcare

services is highly effective in increasing hospital deliveries in rural Nigeria, by improving access to

healthcare for insured and uninsured women in the HIF programme area.

As birth weight is one of the most important indicators of a new-born’s chances of survival and

long-term health [6,7], we assessed in Chapter 3 the effect of the mother being enrolled in the HIF health

insurance scheme during pregnancy on the birth weight of her new-born. We analysed the measured

birth weights of 143 new-borns in the HIF programme area. The mothers were recruited from the same

population as was used in Chapter 2. The effect of health insurance enrolment on birth weight was

estimated using ordinary least squares and instrumental variables analysis, where the latter eliminated

potential selection bias in insurance enrolment. Additionally, we used quantile regression analysis to

analyse whether the effect of insurance enrolment varied across different points of the conditional birth

weight distribution.

We found that 46.8% of the mothers were insured during pregnancy and that each additional day

a woman was insured during pregnancy was associated with a 0.40 gram higher birth weight of her

new-born, which is equivalent to a 112 gram higher birth weight when the woman was insured during

the whole duration of pregnancy. In addition, we found that insurance enrolment had a greater effect on

birth weights of new-borns at the higher end of the birth weight distribution and no significant effect at

the bottom 10% and 25%. We concluded that voluntary health insurance is effective in improving the

birth weights of new-borns in rural Nigeria. However, additional interventions are needed to improve the

birth weight of new-borns at the bottom end of the birth weight distribution.

Undernutrition is associated with poor child health and with almost 50% of all under-5-year-old

child deaths [8, 9]. Moreover, recent advances across multiple disciplines demonstrated negative effects

of early malnutrition on the development of neural pathways in the brain responsible for the child’s

neuro-motor and cognitive abilities [10]. Hence, improving nutrition during early childhood may have a

lasting impact on children’s future educational abilities and earning capacity and, in the long run, on the

development of their communities and countries [6, 11–18]. In Chapter 4, we assessed the independent

effects of HIF health insurance enrolment and healthcare utilisation in HIF programme hospitals on

the nutritional status of malnourished under-5-year-olds during 2 years of follow-up. We analysed the

weight-for-height z-score and height-for-age z-score of 717 children from the HIF programme area, of

which 154 were acutely malnourished and 274 were chronically malnourished. A dynamic panel data

approach was used to eliminate the bias introduced by self-selection into (or out of) insurance.

We found that health insurance enrolment and utilisation of improved quality healthcare

independently ameliorated the nutritional status of acute malnourished children. Health insurance

enrolment significantly improved the weight-for-height z-score of acute malnourished children by 0.81

SD and the height-for-age z-score of chronically malnourished children below the age of 2 years by

0.48 SD during a 2-year period. Healthcare utilisation (mostly in programme hospitals) improved the

weight-for-height z-score of acute malnourished children by 0.23 SD. We showed that health insurance

enrolment separately (i.e. not via healthcare utilisation) improved the nutritional status of malnourished

children. We speculate that the mechanism for this may be that health insurance prevents families from
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catastrophic out-of-pocket health expenditures, which, in turn, safeguards food consumption. Indeed, a

financial and health diaries study among the same population showed that a health shock in one week

resulted in a 25% decrease in food consumption the week after among the uninsured [19]. In addition,

health insurance can lower the threshold to seek healthcare (especially in combination with improved

quality of healthcare), such that diseases are treated at an early stage, before they may become chronic

or severe. However, the insurance effect among stunted children was limited to children younger than 2

years. This observation indicates that the timing of the intervention is also important, i.e. after a certain

age health insurance cannot turn around chronic malnutrition, although the intervention is effective in

turning around acute malnutrition at all ages studied. We concluded that a health system intervention can

be a highly effective strategy to improve the nutritional status, and thus health status, of malnourished

children in a resource poor setting.

In Chapter 5 we assessed the cost and cost-effectiveness of maternal care provided within the HIF

programme in central Kwara State as well as the sustainability and feasibility of this programme’s scale

up within the State. We used a decision analytic model to simulate a cohort of pregnant women and

assessed the incremental cost effectiveness ratio of the HIF scenario compared to the current standard

of care (form a provider perspective). HIF programme cost were evaluated in a participating HIF

programme hospital, using financial records from the managing organisations. Standard of care costs

were derived from the literature using an ingredient approach.

We found that the incremental cost effectiveness ratio of the HIF scenario compared to the

current standard of care (US$46.4/disability-adjusted life year averted) is considered very cost-effective

compared to a willingness-to-pay threshold of one gross domestic product per capita (US$2,730).

The extent of gains is dependent on a number of factors, including assumptions about the prevalence

and severity of complications during delivery. While complications such as obstructed labour and

post-partum haemorrhage themselves are generally not preventable, the HIF programme increased the

likelihood that women access care in general and specifically for an emergency; thereby, improving the

outcomes of complicated deliveries. Although a willingness-to-pay threshold of one GDP per capita

is used as the currently recommended benchmark, there are important limitations with this decision

rule for decision making [20]. These include the fact that even if an intervention might be considered

cost-effective at this level, it might not be feasible within the current resource availability and use

within the health financing structure. Additionally, our budget impact analysis suggests that a minimum

of 4% more investment in the State health care expenditure is needed to successfully scale up this

programme at a State level. We concluded that an intervention aiming to improve utilisation and quality

of maternal care, such as the HIF programme, is likely to be a cost-effective investment compared to

current standard of care. Policy makers should consider sustaining similar state-wide initiatives to reduce

maternal mortality, being aware that the budgets available for healthcare must increase to avoid the annual

insurance premiums that are a barrier for the poor on the road towards Universal Health Coverage.

Impacts of the HIF programme in Kenya, in relation to other programmes

Finally, in Chapter 6, we evaluated the effect of two competing health insurance programmes in Kenya,

i.e. the HIF programme in Kenya and the free maternity services programme introduced by the Kenyan

government in 2013. We analysed the effects of both programmes on antenatal care utilisation and

facility deliveries among 295 pregnant women from dairy families in rural North Nandi. To measure the
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effect of the HIF programme changes in antenatal care utilisation and facility deliveries were compared

from the 3.5 pre-programme years to the 3.5 years following the introduction of the HIF programme,

between the HIF programme area and a control area in difference-in-differences analysis. To measure the

effect of the free maternity services programme changes in both outcomes from the 1.5 pre-government

programme years to the 1.5 years following the introduction of the government programme in the pooled

HIF programme and control areas were assessed in multivariable logistic regression analysis.

We found that only 4.1% of pregnant women were insured through the HIF programme during

pregnancy, hence any increase in utilisation attributable to the HIF programme could only have come

about as a result of the quality improvements in HIF healthcare facilities. Antenatal care utilisation

increased 14.4 percentage points after the HIF programme was introduced, but no effect was observed of

the HIF programme on facility deliveries. On the other hand, facility deliveries increased 27.9 percentage

points after the introduction of the free maternity services programme, but no effect was observed of

the free maternity services programme on antenatal care utilisation. We do not know why enrolment

in the HIF programme among households with pregnant women was low in Kenya. However, with 1

out of 3 women already (mandatory) enrolled in National Health Insurance Fund as well as delivery

care services provided free of charge by the government in all public facilities it turned out difficult

for the HIF programme to increase enrolment among households. An additional explanation could be

that the HIF programme in Kenya offered family insurance instead of individual insurance, as HIF

insurance enrolment was high among pregnant women in Nigeria (up to 72%, see Chapter 2), where

insurance enrolment was on an individual basis. This suggests that pregnant women are likely to enrol

in insurance, but do potentially less so when the whole household needs to enrol. Potential reasons for

this could be that the costs of enrolling the whole household do not weigh up against the benefits of

the pregnant woman being insured or that to enrol the whole household was unaffordable. In addition,

we found through stakeholder interviews with hospital staff that, even though the number of deliveries

substantially increased after introduction of the government programme in public facilities, the number

of staff members was not increased and supplies were running out and were not replenished, resulting

in a decline in the quality of delivery care provided by these facilities [21, 22]. Therefore, we conclude

that access to the government programme may contribute to improved maternal and new-born health and

survival if the quality of delivery services is sustained or preferably improved. Despite low up-take, the

HIF programme had a positive effect on antenatal care utilisation among uninsured women by improving

the quality of existing healthcare facilities. In theory, the free maternity services programme of the

Kenyan government makes the inclusion of maternal care in an insurance package redundant and the

HIF programme and the government programme are at risk of competing with each other. However, as

the HIF programme also includes quality upgrades for the participating clinics and hospitals, a further

alignment of the two programmes could potentially lead to synergistic results regarding the health of

mother and child.

Main limitations

The aim of this thesis was to evaluate the impact of the HIF programme on the utilization of maternal and

child healthcare services, birth weight, and child growth in rural Kenya and Nigeria. The main limitation

of this research was its inability to disentangle the insurance effect (demand side) from the effect of the
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hospital-upgrades (supply side). The reason for this was that this intervention was a real-world health

intervention, designed to address both sides simultaneously. This design was chosen because health

system interventions aimed exclusively at either the demand or supply side are likely to have a lower

impact compared to combined supply and demand side programmes. That is, we believe that the impact

of the HIF programme is greater than the sum of its parts. Moreover, evaluating a real-world health

system intervention renders our analysis very useful to policymakers, funders, and healthcare staff with

an interest in improving maternal and new-born health outcomes in low- and middle-income countries.

The other main limitation of this study was the non-randomized rollout of the insurance programme.

Because of their complexity and multistakeholder nature, as well as for ethical considerations, health

insurance programmes can be rolled out in a (cluster) randomized fashion in very few settings. Instead

we made use of several econometric tools, such as difference-in-differences, instrumental variables, and

dynamic panel data analysis to eliminate the potential bias that could arise due to self-selection into

(or out of) the health insurance scheme [23–28], which makes this research a strong alternative to a

randomized-controlled trial [29, 30].

Main conclusions and recommendations

We conclude that the findings provide important evidence that a health system intervention can be

effective and cost-effective in delivering maternal and child healthcare services and improving maternal

and child health, through:

• increasing hospital deliveries by 29 percentage points (62%) among both insured and uninsured

women in the intervention area (Chapter 2, Nigeria);

• increasing antenatal care utilization by 14 percentage points (17%) among mostly uninsured

women in the intervention area (Chapter 6, Kenya);

• increasing birth weight of new-borns by 0.40 gram for each day the mother was insured during

pregnancy (Chapter 3, Nigeria);

• improving the WHZ of acutely malnourished children by 0.81 SD during a 2-year period if the

child was enrolled in the insurance (Chapter 4, Nigeria);

• improving the HAZ of chronic malnourished children below the age of 2 years by 0.48 SD during

a 2-year period if the child was enrolled in the insurance (Chapter 4, Nigeria);

• improving the WHZ of acutely malnourished children who utilized healthcare (mostly) in

programme hospitals by 0.23 SD (Chapter 4, Nigeria);

• averting an additional 47 deaths per 10,000 deliveries (compared to the standard practice of care)

(Chapter 5, Nigeria);

• decreasing the number of sepsis, hypertensive disorders, and other pregnancy related

complications (Chapter 5, Nigeria);

• in addition, maternal and child health services within the HIF programme were highly

cost-effective (Chapter 5, Nigeria).
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However;

• both insurance enrolment and delivery care utilisation were substantially lower among women

living more than 5 km away from programme hospitals (Chapter 2, Nigeria);

• no effect was observed of the HIF programme on facility deliveries in Kenya (Chapter 6, Kenya);

• health insurance enrolment did not improve birth weights at the bottom 10% and 25% of the birth

weight distribution (Chapter 3, Nigeria);

• health insurance enrolment did not improve the HAZ of chronic malnourished children older than

2 years during a 2-year period (Chapter 2, Nigeria);

• healthcare utilisation in upgraded programme hospitals did not improve the HAZ of chronic

malnourished children during a 2-year period (Chapter 2, Nigeria);

• a willingness-to-pay threshold of one GDP per capita might not be feasible within the current

Kwara State health financing structure (Chapter 5, Nigeria).

Therefore, we recommend that:

• distance to programme hospitals should be considered in the programme design (Chapter 2,

Nigeria);

• additional interventions should be developed to improve the birth weight of new-borns at the

bottom end of the birth weight distribution (Chapter 3, Nigeria);

• chronic malnourished children should be enrolled in the health insurance scheme before the age of

2 years (Chapter 4, Nigeria);

• a minimum of 4% more investment in the Kwara State health care expenditure should be made to

successfully scale up the programme at a State level (Chapter 5, Nigeria).
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Chapter 8

Nederlandse samenvatting

Wereldwijd zijn moedersterfte en kindersterfte afgenomen sinds de millenniumdoelstellingen van de

Verenigde Naties werden geı̈ntroduceerd in 2001. Toch sterven er nog steeds te veel moeders en kinderen

in Sub-Sahara-Afrika. Dit betekent dat huidige interventies niet effectief genoeg zijn. In dit proefschrift

worden 5 studies beschreven die de effecten van een nieuwe interventie op moeder en kind gezondheid

hebben geëvalueerd in Nigeria en Kenia (genaamd HIF interventie). Deze interventie bestond uit het

aanbieden van een gezondheidsverzekering en het verbeteren van de kwaliteit van zorg in bestaande

ziekenhuizen.

Effecten van de HIF interventie in Kwara Nigeria

Het belangrijkste middel om moedersterfte rond de bevalling en sterfte van pasgeboren baby’s te

voorkomen is toegang tot obstetrische spoedhulp (zoals keizersnedes) [1,2]. Om die reden hebben we als

eerste de impact van de HIF interventie op ziekenhuisbevallingen onderzocht in Hoofdstuk 2. We hebben

van 840 vrouwen hun bevallingslocatie geanalyseerd (in het ziekenhuis versus niet in het ziekenhuis).

We vonden dat nadat de interventie werd geı̈ntroduceerd het percentage verzekerde vrouwen steeg van

0% naar 70% en dat bevallingen in het ziekenhuis met 62% stegen, onder zowel verzekerde vrouwen

als niet verzekerde vrouwen, waarbij de niet verzekerde vrouwen zelf moesten betalen voor de bevalling

in het interventie ziekenhuis. Daarnaast vonden we ook dat de afstand tot een interventie ziekenhuis

bepalend was voor zowel de keuze om de verzekering te nemen als voor de keuze om in het ziekenhuis

te bevallen. Daarom adviseren we dat de afstand tot interventie ziekenhuizen wordt meegenomen in het

ontwerp van nieuwe vergelijkbare interventies.

Omdat het geboortegewicht een van de belangrijkste indicatoren is voor de kans op overleven en voor

de lange termijn gezondheid, hebben we in Hoofdstuk 3 onderzocht wat het effect van verzekerd zijn

tijdens de zwangerschap op het geboortegewicht van de baby was [3,4]. We hebben het geboortegewicht

van 143 pasgeboren baby’s geanalyseerd. We vonden dat 47% van de moeders verzekerd waren tijdens

de zwangerschap en dat elke extra dag dat de moeder verzekerd was resulteerde in een 0.40 gram toename

in het geboortegewicht van haar baby. Voor een moeder die de gehele zwangerschap verzekerd was komt

dit overeen met een toename van 112 gram in totaal.

Ondervoeding is geassocieerd met een slechte gezondheid en met ongeveer 50% van alle sterfte

onder kinderen tot de leeftijd 5 jaar [5, 6]. Daarnaast heeft ondervoeding ook een nadelig effect op

de ontwikkeling van de hersenen van jonge kinderen [7]. Het verbeteren van de voedingsstatus van
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jonge kinderen zou daarom juist positieve effecten kunnen hebben op de gezondheid en toekomstige

scholing en arbeidsproductiviteit van deze kinderen [3, 8–15]. In Hoofdstuk 4 hebben we de

onafhankelijke effecten van verzekerd zijn en het gebruik van gezondheidzorg op de voedingsstatus

van (ondervoede) jonge kinderen onderzocht. We analyseerde de ‘weight-for-height z-score’ (maat

voor acute ondervoeding) en de ‘height-for-age z-score’ (maat voor chronische ondervoeding) van 717

kinderen, onder wie 154 acute ondervoede kinderen en 274 chronisch ondervoede kinderen. Gedurende

een periode van twee jaar, zorgde verzekerd zijn voor een 0.81 SD toename in de ‘weight-for-height

z-score’ van acuut ondervoede kinderen en een 0.48 SD toename in de ‘height-for-age z-score’ van

chronisch ondervoede kinderen jonger dan 2 jaar. Verder zorgde het gebruik van gezondheidszorg

(voornamelijk in interventie ziekenhuizen) voor een 0.23 SD toename in de ‘weight-for-height z-score’

van acuut ondervoede kinderen. Het positieve effect van verzekerd zijn was voor chronisch ondervoede

kinderen beperkt tot kinderen jonger dan 2 jaar, wat betekent dat de timing van de interventie hier

specifiek belangrijk was, d.w.z. na een bepaalde leeftijd kan het verzekerd zijn niet meer de negatieve

consequenties van chronische ondervoeding terug draaien.

In Hoofdstuk 5 hebben we de kosten en kosteneffectiviteit van gezondheidszorg rond de

zwangerschap binnen de interventie geëvalueerd. Hiervoor hebben we de zorg die werd aangeboden

in de interventie ziekenhuizen vergeleken met de zorg die standaard werd aangeboden in Nigeria. Wij

vonden dat de zorg binnen de interventie een hoge kosteneffectiviteit had, aangezien de extra kosten om

sterfte en arbeidsongeschiktheid als gevolg van een zwangerschap te voorkomen veel lager waren dan

wat een gezonde vrouw economisch bij kan dragen (gemeten als het bruto nationaal product per hoofd

van de bevolking). Echter, de interventie op grote schaal uitrollen is mogelijk niet haalbaar binnen het

huidige gezondheidsbudget van de staat Kwara in Nigeria. Onze budget impact analyse suggereerde

namelijk dat er tenminste 4% meer investeringen in de gezondheidsuitgaven van de staat Kwara nodig

zijn om de interventie toegankelijk te maken voor alle zwangere vrouwen in deze staat.

Effecten van de HIF interventie in Nandi Kenia

Tot slot hebben we in Chapter 6 de effecten van twee concurrerende gezondheidsinterventies

geëvalueerd, namelijk de HIF interventie in Kenia en de toegang tot gratis bevallingen in publieke

ziekenhuizen welke de Keniaanse regering invoerde in 2013. We hebben de effecten van beide

interventies op prenatale zorg en ziekenhuis bevallingen geanalyseerd onder 295 zwangere vrouwen.

We vonden dat slechts 4% van de zwangere vrouwen de HIF verzekering hadden genomen, waardoor

een eventuele toename in het gebruik van gezondheidszorg enkel toegeschreven kan worden aan de

verbetering van de kwaliteit van zorg in de HIF ziekenhuizen. Het gebruik van prenatale zorg steeg met

17% als gevolg van de HIF interventie, met name onder niet verzekerde vrouwen, waarbij deze vrouwen

zelf moesten betalen voor de geboden zorg. De HIF interventie leidde daarentegen niet tot een toename

in ziekenhuisbevallingen. Ziekenhuisbevallingen stegen wel (met 28 procent punten) als gevolg van

de introductie van gratis ziekenhuisbevallingen in de publieke ziekenhuizen. Echter, we vonden ook dat

kwaliteit van zorg afnam in deze ziekenhuizen, door een te kort aan personeel en benodigdheden [16,17].

Daarom concluderen we dat de gratis toegang tot de ziekenhuisbevallingen in de publieke ziekenhuizen

mogelijk kan bijdragen aan een verlaging van moedersterfte en kindersterfte, mits de kwaliteit van zorg

wordt gewaarborgd en het liefst zelfs wordt verbeterd.
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