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Abstract

Background: The COVID-19 pandemic has resulted in an unprecedented popularity of digital financial services, for contactless
payments and government cash transfer programs to mitigate the economic effect of COVID-19. The effect of the pandemic on
the use of digital financial services for health in low-and middle-income countries, however, is poorly understood.

Objective: To study the effect of the first COVID-19 lockdown on the use of a Mobile Maternal Health Wallet (MMHW) in
Antananarivo, Madagascar, and draw conclusions on the effect of lockdown measures on the use of digital health services.

Methods: We analysed MMHW data from 3,416 women at 25 public-sector primary care facilities and four hospitals from
January 1 to August 27, 2020. We collected data on savings, payments, and voucher use initiated at the point-of-care. To
estimate effects of the first COVID-19 lockdown in Madagascar, we used regression discontinuity analysis with modified
Poisson regression for binary variables to estimate risk ratios.

Results: Over the 819,840 person-days of observation, we recorded 3,719 savings, 1,572 payments, and use of 3,144 electronic
vouchers. The first COVID-19 lockdown in Madagascar reduced mobile money savings by 58.5% (P<.0001), payments by
45.8% (P<.001), and voucher use by 49.6% (P<.001). The recovery duration after the lockdown differed by age group: Women
aged 30 and older recovered substantially faster than younger women. Results remained robust in sensitivity analyses using ±20
days of the optimal bandwidth.

Conclusions: COVID-19 lockdown strongly reduced the use of mobile money in the health sector, affecting savings, payments,
and voucher use. Reduced savings imply that the lockdown diminished women's expectations of future healthcare use, while
declines in payment and voucher use indicate decreased actual healthcare utilization. These effects are crucial since many
maternal and child healthcare services cannot be delayed for long, as the potential benefits will be lost or diminish if women do
not receive the services within a narrow time window. Clinical Trial: This was an ancillary study using data from the
4MOTHERS trial, a randomised hybrid effectiveness implementation trial quantifying the effect of a mobile health wallet
intervention on maternal health outcomes in Antananarivo (German Clinical Trials Register, DRKS-ID: DRKS00014928). The
study was approved by the institutional review board of the University of Heidelberg on February 3, 2020 (reference number:
S-428/2019).
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Abstract

Background:  The  COVID-19  pandemic  has  resulted  in  an  unprecedented  popularity  of  digital

financial services, for contactless payments and government cash transfer programs to mitigate the

economic effect of COVID-19. The effect of the pandemic on the use of digital financial services for

health in low-and middle-income countries, however, is poorly understood. 

Objective: To study the effect of the first COVID-19 lockdown on the use of a Mobile Maternal

Health Wallet (MMHW) in Antananarivo, Madagascar, with a particular focus on delineating the

age-dependent differential effects, and draw conclusions on the effect of lockdown measures on the

use of digital health services.

Methods: We analysed 819,840 person-days of health wallet use data from 3,416 women utilizing

healthcare at 25 public-sector primary care facilities and four hospitals in Antananarivo, Madagascar,

between January 1 to August 27, 2020. We collected data on savings, payments, and voucher use

initiated at the point-of-care. To estimate effects of the first COVID-19 lockdown in Madagascar, we

used regression discontinuity analysis around the starting day of the first COIVID-19 lockdown in

Madagascar on March 23rd,  2020. We determined the bandwidth using a data-driven method for

unbiased bandwidth selection and used modified Poisson regression for binary variables to estimate

risk ratios as lockdown effect sizes.

Results: We recorded 3,719 savings, 1,572 payments, and use of 3,144 electronic vouchers. The first

COVID-19 lockdown in Madagascar reduced mobile money savings by 58.5% (P<.0001), payments

by 45.8% (P<.001), and voucher use by 49.6% (P<.001). Voucher use recovered to the extrapolated

pre-lockdown  counterfactual  after  214  days  while  savings  and  payments  did  not  cross  the

extrapolated pre-lockdown counterfactual. The recovery duration after the lockdown differed by age

group: Women aged 30 and older recovered substantially faster, returning to pre-lockdown rates after

34, 226, and 77 days for savings, payments, and voucher use respectively. Younger women below 25

years old did not return to baseline values. Results remained robust in sensitivity analyses using ±20

days of the optimal bandwidth.

Conclusions: COVID-19 lockdown strongly reduced the use of mobile money in the health sector,

affecting  savings,  payments,  and  voucher  use.  Savings  were  most  significantly  reduced  which

implies that the lockdown had a particular effect on diminishing women's expectations of future

healthcare use. Declines in payment and voucher use indicate decreased actual healthcare utilization

caused by the lockdown onset. These effects are crucial since many maternal and child healthcare

services cannot be delayed for long, as the potential benefits will be lost or diminish if women do not
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receive the services within a narrow time window. To mitigate the adverse impacts of lockdowns on

maternal  health  service  use,  digital  health  services  could  be  leveraged  to  provide  access  to

telemedicine,  as  well  as  to  enhance  user  communication  with  clear  information  on  available

healthcare access options, and ensuring adherence to safety protocols.

Trial Registration: This was an ancillary study using data from the 4MOTHERS trial, a randomised

hybrid effectiveness implementation trial quantifying the effect of a mobile health wallet intervention

on  maternal  health  outcomes  in  Antananarivo  (German  Clinical  Trials  Register,  DRKS-ID:

DRKS00014928). The study was approved by the institutional review board of the University of

Heidelberg on February 3, 2020 (reference number: S-428/2019).

Keywords: Digital Health; Behavioral Surveillance; Digital Health Wallet; Mobile Money; COVID-

19; Health Financing; Public Health; Sub-Saharan Africa

Introduction

Globally, more than 6.9 million people have died from COVID-19 and the number of COVID-19-

related deaths is still steadily increasing (data as of December 2023).[1] Beyond the direct effect of

the disease, the pandemic continues to disrupt essential health services worldwide undermining the

achievements of existing public health programs.[2] Health systems and health service delivery are

most seriously disrupted by COVID-19 in sub-Saharan Africa (SSA).[3] Maternal health services are

among the most severely affected health services in SSA.[4] Redeployment of health staff to provide

COVID-19 relief, supply chain interruptions, drug price surges, and pandemic control measures such

as lockdowns further hamper access to maternal care.[5] 

 

Within less than a generation, mobile communication, and mobile payments, also known as mobile

money,  have  become  ubiquitous  in  SSA.[6] The  COVID-19  pandemic  has  resulted  in  an

unprecedented  popularity  of  this  technology  as  a  safer  and  more  efficient  alternative  to  cash

payments particularly for unbanked populations. Several countries in SSA have promoted the use of

mobile  money  during  the  pandemic  through  a  variety  of  regulatory  and  policy-led  measures

including  fee  waivers,  increased  transaction  limits,  humanitarian  cash  transfers,  and  flexible

registration of new users.[7] However,  the pandemic also had negative effects  on use of mobile

money. More than half of mobile money users in Kenya and Mozambique reported difficulties in

depositing or withdrawing funds from a cash-in/cash-out agent.[8]
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Mobile money is  being used routinely in the health sector in many countries in SSA improving

financial risk protection and access to essential health services.[9] Examples in SSA include remote

health insurance enrolment, premium payment, and reimbursement,[10] humanitarian cash transfers

and electronic health vouchers,[11] and credits and loans.[9] Overall,  mobile money users have a

lower risk of catastrophic health expenditure – defined as out-of-pocket expenses exceeding 10% of

total income or consumption or exceeding 40% of non-food spending – during emergency care and

are less likely to reduce non-medical expenses for education or food than non-users.[12] However,

the effect of lockdown measures on mobile payments for health in SSA are not clear. 

In  Madagascar,  a  nation  of  25  million  people  financial  barriers  significantly  impede  access  to

maternal  healthcare.[13]  Fewer  than  half  of  expectant  mothers  adhere  to  the  World  Health

Organization's recommendation of completing four antenatal care visits, and over half of births occur

without skilled attendance. In 2017, the maternal mortality ratio stood at 335 per 100,000 live births,

with  figures  potentially  tripling  in  the  poorest  regions.[14]  Out-of-pocket  payments  account  for

nearly a quarter of healthcare spending. Despite efforts towards universal health coverage (UHC)

incorporating mobile technologies, specialized mobile money services for maternal health savings or

insurance have not been established on a national level. The probability of incurring impoverishing

expenses  during  pregnancy remains  substantial.[15,16]  Nevertheless,  mobile  phone subscriptions

have soared,  from under  3 per 100 people in 2005 to 40 per  100 by 2018, with mobile money

accounts  surpassing  traditional  banking figures  by  2015.[17]  Following human-centered,  mixed-

methods research in the capital Antananarivo aimed to identify the framework and user experience

for a mobile-based service for maternal healthcare payments and savings,[18–20] a Mobile Maternal

Health Wallet (MMHW) was subsequently developed and implemented in the capital revealing a

strong perceived value of mobile money for maternal health, particularly among women from lower-

income backgrounds.[18]

 

Our study aimed to demonstrate a causal effect of COVID-19 lockdowns on the use of digital health

services  and  explore  age-dependent  differential  effects.  In  the  context  of  maternal  health  in

Madagascar, we examined three primary uses of the MMHW: savings, payments, and voucher use

for  maternal  care.  Reductions  in  savings  suggest  lockdowns  lowered women's  future  healthcare

expectations,  while  payment  and  voucher  use  declines  indicate  decreased  actual  healthcare

utilization. This is significant since many maternal and child healthcare services cannot be delayed
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without losing or diminishing potential benefits. Our study did not intend to assess the overall impact

of the COVID-19 pandemic on healthcare utilization or mobile money usage. Rather, our focus was

on examining how lockdowns affected the utilization of digital health services for maternal care,

specifically in terms of mobile payments for maternal healthcare services. These findings can guide

health policy in developing strategies to mitigate lockdown-related challenges in the future.

Methods

Study setting 

We conducted this study in 25 public-sector primary care facilities and four referral hospitals in three

administrative districts of Antananarivo, the capital of Madagascar. 

Participating primary  care facilities  are  typically  staffed by at  least  one  doctor  and a  couple of

midwives or nurses, supported by 15–30 community health workers (CHWs) who promote ANC and

educate on health, pregnancy complications, and nutrition. The districts are urban, peri-urban, and

rural. All health facilities participating in the study remained open during the lockdown. The study

region has 2.2 million inhabitants, 31% of whom live under the national poverty line of 1.90 USD in

2019  (2011 PPP),  considerably  less  than  the  Malagasy  average  (71%).[21] In  the  study region,

around 65% of pregnant women complete at least four antenatal care (ANC) visits, 68% deliver in a

health  facility,  and  74% receive  skilled  birth  assistance.[22] While  ANC  services  and  delivery

assistance, including C-sections, are provided free, patients must cover costs for medications, tests,

and materials. A normal delivery at a participating facility costs around 12 USD, and a C-section

averages  128  USD—equating  to  3%  and  32%  of  the  average  annual  salary  in  study  region,

respectively.[23]

Study design

To estimate the effect of lockdown on savings, payments and electronic vouchers use for maternal

healthcare, we used a quasi-experimental regression discontinuity design. Regression discontinuity

designs are considered the most robust method to estimate causal effects when random assignment is

not feasible.[24] They can be implemented when treatment is assigned based on a cut-off value of a

continuous running variable. We used count of consecutive days starting on the beginning of the

study period on January 1, 2020, as our running variable. The cut-off value for lockdown onset was

based  on  data  from  the  Oxford  COVID-19  Government  Response  Tracker  (OxCGRT).[25] We

calculated a containment stringency index ranging from 0-23 using all  “containment and closure

policy”  indicators  included  in  the OxCGRT dataset.  We  obtained  data  for  Madagascar  from
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the OxCGRT for  the study period running from of  January 1 to  August  27,  2020, as  the period

covering the first lockdown in Madagascar. Table 1 summarizes the duration and stringency index

during pre-lockdown and lockdown periods in Madagascar. We defined the first day of the lockdown

on March 23, 2020 (day 82) as the cut-off value in our regression discontinuity analysis.

  Table 1. Lockdown duration and stringency during pre-lockdown and lockdown periods for the first

COVID-19 related lockdown in Antananarivo, Madagascar between  January 1 to August 27, 2020

according to the Oxford COVID-19 Government Response Tracker.[25]

Period  Dates  Median Stringency Index  
Pre-lockdown   01/01/2020-22/03/2020  0 
Lockdown   23/03/2020-27/08/2020  19 

Mobile Maternal Health Wallet intervention 

The mobile health wallet was implemented in the study region as part of the intervention package of

the 4MOTHERS trial, we described previously.[26] The MMHW intervention was implemented by a

non-governmental organization (NGO) in partnership with the Malagasy Ministry of Health’s UHC

program. Implementation of the intervention package commenced sequentially at the participating

healthcare providers starting in January 2019. In brief,  the MMHW allows users, namely, pregnant

women,  to  save and pay for  health  care services  using mobile  money and to receive  electronic

vouchers that can be redeemed at participating health care providers at the point of care. Electronic

vouchers  were  for  ANC  drugs,  emergency  referrals,  and  obstetric  ultrasounds  at  no  cost.  The

MMHW operates on a USSD (Unstructured Supplementary Service Data menu, accessible via GSM

(Global System for Mobile Communications) networks provided by the two primary mobile phone

operators in Madagascar. Users can receive messages and access the service by dialing a three-digit

code followed by the hash sign, without the need for an active internet connection or a smartphone.

Users can save to the mobile health wallet using their own mobile money credit or by receiving

remittances via mobile money e.g.,  from relatives and friends. Savings typically require users to

convert cash into mobile money with the help of a cash-in/cash-out agent; mobile money is then

saved to the mobile health wallet electronically by the user. At the point of service, healthcare facility

staff utilized a web-based interface to initiate and authenticate payments or the use of electronic

vouchers. This process involved entering necessary treatment details and submitting corroborative

documents, like invoices or photographs. Staff of the implementing NGO checked and validated each

transaction to ensure remittances from the MMHW were only used for maternal care. Potential users

learned about the MMHW intervention through media campaigns, community health workers, and
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from  health  care  providers.  Registration  to  the  MMHW  was  performed  by  employees  of  the

implementing  NGO,  community  health  workers  and healthcare  providers,  who received specific

training on the sensitization and registration for the MMHW. All pregnant women in the catchment

area of a participating healthcare facility were encouraged to register for the service. For registration,

users needed to possess an individual subscriber identity module (SIM) card. Users of the MMHW

must  be  able  and  willing  to  give  verbal  consent  to  the  terms  and  condition  of  the  MMHW

intervention including the use of anonymized user data for research.

 

Participants and sample size

We included anonymized data from all women who used the MMHW at least once to save, pay or

redeem an electronic voucher for maternal healthcare at one of the participating healthcare providers

during the study period. Health facilities contributing data to the analysis were randomised as part of

the main trial reducing the risk of selection bias and ensuring high transferability of results. For each

of our three outcomes (savings, payments, electronic voucher use), we observed 3,416 women over

240 days resulting in an observation of 819,840 person-days for each of the outcomes.  Because

enrolment of participants was performed before the lockdown it can be assumed that participants’

characteristics  did  not  systematically change at  lockdown. To  analyse  differential  impact  of  the

lockdown on savings, payments, and electronic voucher use, we divided our population into three

age groups. Categorisation of age groups were based on evidence of the influence of maternal age on

health seeking behaviour in the literature.[27] The age group 'under 25'  was chosen to represent

younger  individuals  likely  at  the  beginning  of  their  reproductive  years,  who  may  have  distinct

challenges such as limited financial resources or decision-making autonomy. The '25 to 30' category

captures individuals who may be more established in their reproductive life and potentially have

different access to resources. The 'above 30' group likely includes women with greater experience

and potentially different familial or economic circumstances. 

Outcomes 

The primary outcomes for the study were i) savings transaction recorded per user per day (binary

variable), ii) payments per user per day (binary variable), and iii) electronic voucher use per user per

day  (binary  variable).  Savings  were  defined  as  a  credit  transaction  to  the  MMHW.  Savings

transactions per user were unrestricted. To reflect active use rather than level of use, we binarised

counts per user per day by creating a dummy variable and assigning a value of “1” for users for
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which any savings transaction was recorded on a given day and a value of “0” if no transaction was

recorded. Payments were defined as a debit transaction to the MMHW for a delivery – including

surgical delivery and caesarean section – validated by a staff member of the implementing NGO.

Since we only included payments for delivery in our analysis, each user had a maximum of one

payment during the study period. Electronic voucher use was defined as the recording of a voucher

redemption, which was validated by a staff member of the implementing NGO. The mobile health

wallet system limited the electronic voucher use to a maximum of one voucher per user per day. 

Data sources and data management 

Data  on  savings,  payments,  electronic  voucher  use,  and  demographics  were  collected  over  the

MMHW online application using a web-based interface available to community health workers and

healthcare facility staff. Demographics were collected during registration, while savings, payments,

and  voucher  use  were  automatically  recorded in  the  MMHW system in  real-time upon user  or

healthcare worker triggers yielding high temporary resolution and completeness of the data. All data

were cleaned and validated by staff of the implementing non-governmental organization. Data were

securely  transmitted  and stored on  the  MMHW database  adhering  to  industry  standard  for  data

availability,  encryption,  and  protection  of  health  data.  For  the  purpose  of  this  study,  data  were

extracted  from the  database and fully  anonymized by the  non-governmental  organization before

being  transmitted  securely  to  the  research  team.  We  extracted  anonymized  user  identifiers  and

timestamps for  each outcome to convert  them into daily  binary  outcomes per  user.  As we only

included data from users with at least one event for saving, payment or voucher use during the study

period and all days for which no event was recorded were coded as 0, there were no missing data. All

data used for this research were kept in a secure password-protected online repository that were

accessible only to the investigators. 

Statistical analysis 

We used descriptive statistics to summarize demographics and create crude summaries of outcomes

before and during lockdown. Our primary analysis tested the null hypothesis that lockdown has no

effect on mobile health wallet  use.  We employed a regression discontinuity analysis  as a quasi-

experimental  approach,  treating  the  start  of  the  COVID-19  lockdown  as  a  natural  experiment.

Regression discontinuity designs are among the strongest possible designs when random participant

assignment is not feasible and increasingly used in public health research. By comparing MMHW

usage just  before and immediately after the lockdown date,  the regression discontinuity analysis

allowed us to isolate and measure the causal effect of the lockdown on the use of digital financial
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services for maternal health under the assumption that all circumstances are similar in all aspects

except for the lockdown itself. We evaluated the relationship between our outcomes and our running

variable (consecutive days), allowing for a discontinuity at lockdown onset and different slopes on

either side of the threshold. Incidence rate ratios and predicted incidence rates along the running

variable  were estimated by fitting a  Poisson regression model  with robust  standard errors  using

sandwich  estimation  for  binary  outcomes.[28] The  Poisson  regression  model  was  deemed

appropriate after confirming the absence of overdispersion in the data. The model’s goodness-of-fit

was further supported by residual deviance values that were consistent with the degrees of freedom.

[28]  This appropriateness was substantiated by low frequency of events (i.e., payments) relative to

the  size  of  the  study population  and the  number  of  observation  periods,  which  aligns  with  the

assumptions  of  the  Poisson  model.  The  model  included  a  continuous  time  variable,  a  binary

lockdown  variable,  and  a  time-lockdown interaction  term.  Baseline  incidence  rate  ratios  at  the

commencement of the study period were obtained from the intercept of the model, with the running

variable set to zero. 

A key choice  in  the  design  of  regression discontinuity  analyses  is  the  bandwidth governing the

window of  data  included in  the  analysis.  While  a  wider  window improves  the  precision  of  the

estimates, it also increases the risk of bias and for introducing unknown confounders in the model.

We relied on the data-driven Imbens-Kalyanaraman optimal bandwidth selector, to avoid conscious

and unconscious bias in the bandwidth selection.[29] The running variable (consecutive days) was

centered at lockdown. We estimated daily trends during lockdown for each outcome by adding the

coefficients associated with time and time-lockdown interaction. To determine whether there are age-

specific differences in the recovery in the primary outcomes after the onset of the lockdown, we

analysed  each age group separately using the same methods as described above and determined

whether the predicted incidence rates recovered by calculating the point the extrapolated predicted

incidence  rate  post-lockdown  crossed  the  extrapolated  pre-lockdown  counterfactual  for  each

outcome measure. 

 Statistical significance was set at alpha, P<.05. No post-hoc analysis were conducted based on our

primary results. We conducted a sensitivity analysis for varying bandwidths (±20 days) to check

robustness. Results are intention-to-treat effects on an individual user level. All analyses were done

on a participant level using R 4.0.5 (R Foundation for Statistical Computing, Vienna, Austria) and

RStudio Version 1.4.1106 (RStudio Team, Boston, MA, USA).

Ethical approval 

This was an ancillary study using data from the 4MOTHERS trial, a randomised hybrid effectiveness
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implementation trial quantifying the effect of a mobile health wallet intervention on maternal health

outcomes in Antananarivo (German Clinical Trials Register, DRKS-ID: DRKS00014928). The study

was approved by the institutional review board of the University of Heidelberg on February 3, 2020

(reference number: S-428/2019). 

Role of the funding source  

The funders had no role in the study design, data collection, analysis, interpretation, or writing of the

paper. 

Results 

We  analysed  the  effect  of  a  national  lockdown  on use  of  a  mobile  health  wallet  for  maternal

healthcare between  January  1,  2020,  and  August  27,  2020,  in  Antananarivo,  Madagascar  using

modified Poisson segmented regression models. Data from 3,416 women were included in the study.

During  the  study  period  we  recorded 3,719  savings,  1,572  payments,  and  use  of  3,144

electronic vouchers. The median age of the study population was 26 years (IQR: 9); Figure 1 shows

the  age  distribution. Descriptive  statistics  of  the  outcomes  for  pre-lockdown  and  lockdown  are

summarised in supplementary Table S1.

Figure 1. Age distribution of 3,416 women utilizing a Mobile Maternal Health Wallet to save and
pay for healthcare in Antananarivo, Madagascar, between January 1 to August 27, 2020, included in
a  regression  discontinuity  analysis  to  determine  the  effect  of  COVID-19  lockdown  on  mobile
payments for maternal health. Each histogram bars represent counts for a 5-year age range and the
red curve represents the density scaled to fit the count axis.
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Table 2. Incidence rate ratios of savings, payments,  and electronic voucher use for discontinuity at
lockdown and daily trends during pre-lockdown and lockdown for 3,416 women utilizing a Mobile
Maternal  Health  Wallet  to  save  and  pay  for  healthcare  in  Antananarivo,  Madagascar,  between
January 1 to August 27, 2020 included in a regression discontinuity analysis to determine the effect
of COVID-19 lockdown on mobile payments for maternal health. (N = 819,840 events for each use
type). 
  Baseline  on

January 1st, 2020 

Incidence  rate

ratio at lockdown 

Incidence  rate

ratio per day (pre-

lockdown) 

Incidence rate

ratio  per  day

(lockdown)
Savings  0.0090  

(0.0082-0.0101) 

0.4152

(0.3589–0.4802)

1.0124

(1.0098-1.0149)

1.0113

(1.0099-1.0128)
Payments   0.0026

(0.0021-0.0032) 

 0.5412

(0.3929-0.7456) 

 1.0111 

(1.0040-1.0183) 

1.0054 

(0.9979-1.0130) 
Electronic Vouchers   0.0051

(0.0045-0.0057) 

0.5047

(0.4178- 0.6095)

1.0034

(1.0005-1.0064)

1.0067 

(1.0032–1.0102)

Figure 2. Overview of lockdown stringency index for Madagascar according to containment
and closure policy indicators from the Oxford COVID-19 Government Response Tracker.[25]
Panel  (B) displays the overall Lockdown Stringency Index, a composite measure based on several
policy indicators, during the study period. The blue dashed vertical line represents the initiation of
lockdown, while the solid blue line signifies its conclusion. Color-coded horizontal lines in Panel B
correspond to the specific periods for which eight containment and closure policies are detailed in
the respective bar charts in (A) before and (C) during lockdown. . Containment and closure policies
are listed on the x-axis of each sub-panel and rated on a scale from 0 (least severe restriction) to 4
(most severe restriction) according to the Oxford COVID-19 Government Response Tracker on the
y-axis. The eight policies are 1) school closing, 2) workplace closing, 3) cancel public events, 4)
restrictions on gatherings, 5) close public transport, 6) stay at home requirements, 7) restrictions on
internal movement, and 8) international travel controls.
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Savings  for  pregnancy-related  healthcare  were  reduced  during
lockdown 

For  the  optimal  bandwidth  of  110 days,  we  found  a  significant  58.5% decrease  of  savings  at

lockdown  (Incidence  rate  ratio  [IRR]  0.4152,  95% CI  0.3589–0.4803,  P<.0001, Table  2).  This

means, that the likelihood of savings for pregnancy-related healthcare was only 41.5% of the rate

before the lockdown, signifying a substantial reduction in women's ability or willingness to set aside

funds for expected maternal health services. This finding remained stable in our sensitivity analysis,

when varying the  bandwidth  between 90 and 130 days  (Figure 3).  During  pre-lockdown,  daily

savings increased by 1.2% (IRR 1.0124, 95% CI 1.0098-1.0149) per day. This trend remained stable

during lockdown (1.1% per day (IRR 1.0113, 95% CI 1.0099-1.0128, P=.491) and did not cross the

extrapolated pre-lockdown counterfactual. This indicates that after a pronounced drop at lockdown,

the number of participants saving for healthcare did not recover rapidly. 

Payments  for  pregnancy-related  healthcare  were  reduced  during
lockdown 

Using the optimal bandwidth of 55 days, showed a drop of payments by 45.8% at lockdown (IRR

0.5412, 95% CI 0.3929-0.7456, P<.001). This means, that the likelihood of a women paying for a

pregnancy related  treatment  was at  only  54.1% of  pre-lockdown values,  indicating  a  significant

reduction in the utilization of the MMHW to pay for pregnancy-related healthcare at participating

health  facilities.  Sensitivity  analysis  confirmed  a  robust  effect  ranging  from  34.8%  to  56.3%

reduction for  bandwidths between 35-75 days  (Figure 3).  During pre-lockdown, daily  payments

increased by 0.54% (IRR 1.0054, 95% CI 0.9979-1.0130) per day. This trend reduced to 0.54% (IRR

1.0054, 95% CI 0.9979-1.0130,  P=.28) during lockdown and did not cross the extrapolated pre-

lockdown counterfactual.    

Electronic voucher use for pregnancy-related healthcare decreased   

At lockdown,  electronic  voucher  use  dropped  by 49.6% (IRR 0.5047,  95% CI  0.4178-  0.6095,

P<.0001) using the optimal bandwidth of 70 days. This means that the likelihood of a women using a

voucher for pregnancy-related healthcare was at only 50.4% of the values before lockdown, implying

a substantial decrease in the use of antenatal care at participating facilities. Sensitivity analysis for

bandwidths ranging from 50-90 days revealed robust results. Voucher use increased by 0.3% per day

(IRR 1.0034, 95% CI 1.0005-1.0064) during pre-lockdown and increased to 0.67% per day during

lockdown  (IRR  1.0067,  95%  CI  1.0032–1.0102,  P=.16),  recovering  to  the  extrapolated  pre-

lockdown counterfactual after 214 days.

https://preprints.jmir.org/preprint/49205 [unpublished, peer-reviewed preprint]



JMIR Preprints Knauss et al

Recovery of the use of mobile health wallet is age-dependent

After  an  initial  drop  at  lockdown the  predicted  incidence  rates  recovered  but  only  crossed  the

extrapolated  pre-lockdown  counterfactual  for  the  electronic  voucher  use.  Analysing  the  rate  of

recovery separately for three age groups of women <25 years of age, women between the age of 25

and 30 years and women 30 years and above, revealed differences in the time for the predicted

incident rate after lockdown to reach the counterfactual predicted incident rate extrapolated from the

pre-lockdown incident rate (Figure 3D). For women <25 years of age, predicted incident rates after

lockdown did not reach the counterfactual predicted incident rates for any of the measured outcomes,

indicating a  lasting effect  of  lockdown.  For  women between 25 and 30 years  of  age,  predicted

incidence rates recovered and crossed the counterfactual predicted incident rate at 268, 84, and 77

days after lockdown for savings, payments, and electronic vouchers respectively. This crossing of

lockdown incident rates and the counterfactual incident rates already occurred at day 38 and day 77

for savings and electronic vouchers respectively in the group of women of 30 years of age and above,

indicating a faster return to pre-lockdown incident rates. In the same age group, incident rates for

payments only recovered after 226 days after lockdown. 

  

 

Figure 3. Regression discontinuity analysis of the effect of lockdown on savings, payments and
electronic voucher use for maternal healthcare. (A-C) Total events of 3,416 women utilizing the
Mobile Maternal Health Wallet to save and pay for maternal care at 25 public-sector health primary
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care facilities and four referral hospitals in Antananarivo, Madagascar between January 1, 2020, and
August 27, 2020 depicted as count of events per day (blue dots). Solid red line and black fine-dotted
lines  depict  the  predicted  incidence  rate  and  confidence  intervals  respectively  before  and  after
lockdown using a modified Poisson regression model and the optimal bandwidth determined by a
data-dependent  algorithm describe  by  Imbens  and  Kalyanaraman.[29] The  origin  on  the  x-axis
corresponds to January 1, 2020. D) Time-to-reach-baseline for different age groups. Time relative to
the  lockdown  for  the  predicted  incidence  rate  after  the  lockdown  to  reach  the  extrapolated
counterfactual predicted incidence rate. Time to reach the extrapolated counterfactual was shortest in
the age group of above 30-year-olds for savings and electronic vouchers and shortest  in the age
group of 25 to 30-year-olds for payments. In the age group of below 25-year-olds, the predicted
incidence  rate  after  lockdown  did  not  return  to  the  counterfactual  predicted  incidence  rate  for
savings, payments and electronic voucher use and was coded as 999 days. 

Discussion

Principal Results

We aimed to quantify the effect of COVID-19 lockdown on use of key components of a mobile

health wallet, namely savings, payments, and electronic voucher use for maternal healthcare at 25

public-sector primary-care health facilities and 4 reference hospitals in Antananarivo, Madagascar.

Using a quasi-experimental regression discontinuity design analysing 819,840 events for each use

type,  we found that  mobile  money-based savings  and payments  and electronic  voucher  use  for

pregnancy-related health services decreased by 58.5%, 45.8%, and 49.6% at lockdown, respectively.

Our findings suggest that lockdown had a strong negative effect on the use of a mobile health wallet.

Savings  quickly  rebounded  already  during  lockdown,  whereas  payments  and  voucher  use  were

slower to recover. Further analysing this revealed age dependent differences of the speed of recovery.

For the youngest age-group of below 25-year-olds the lockdown had a lasting effect and none of the

outcome measures returned to the pre-lockdown predicted incident rates indicating age-dependent

differences in access to healthcare related resources and healthcare access. 

To our knowledge, this is the first study quantifying the effect of COVID-19 lockdown on use of

mobile money and electronic vouchers to access essential health services. The quasi-experimental

regression discontinuity design of our study enabled causal inference on the effect of lockdown in a

real-world setting without the strong assumptions made in most observational studies. To date, there

are only few published data from SSA on the effect of lockdown on utilization of maternal healthcare

services  and maternal  outcomes.  A cross-sectional  study including  all  public  health  facilities  in

Rwanda  found  that  maternal  health  service  utilization  indicators  for  antenatal  care,  deliveries,

postnatal  care,  and  vaccinations  significantly  decreased  during  the  first  national  COVID-19

lockdown in March and April 2020 compared to historical controls.[30] In contrast, an interrupted

time series analysis using data from 11 public-sector primary care facilities in South Africa found no
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change in the number of daily outpatient clinic visits for perinatal care and family planning before

and after lockdown.[31] A study using data from an ongoing nationwide birth outcomes surveillance

study in Botswana found no difference in the number of facility-based deliveries during lockdown

but a slight reduction in the risk of adverse pregnancy outcomes during lockdown compared to pre-

lockdown.[32] Conversely, a recent meta-analysis found a substantial effect of COVID-19 on family

planning, antenatal care, institutional deliveries, and postnatal care in Ethiopia.[33]

Why did savings for maternal healthcare reduce during lockdowns? The reduction in savings suggest

that the lockdown diminished women's expectation of using maternal and child healthcare in the

future. An analysis of labour market data from South Africa during the first wave of the pandemic

and a longitudinal cohort study among informal settlers in Nairobi suggest that these observations

might have been caused by reduced availability of financial resources due to lockdown measures.

[34,35] In South Africa, about one of every three employed people lost their job during the first wave

of the pandemic with women working in the informal sector being among the most severely affected.

[35] Likewise, in Kenya, women were disproportionally affected by lockdown measures resulting in

increased  food  insecurity  and  lower  utilization  rates  of  maternal  and  child  healthcare  services

because of financial constraints.[34] Previously, we found the majority of pregnant women in the

study  area  being  unemployed  or  working  in  the  informal  sector,[36] making  them  especially

vulnerable to the economic effects of lockdowns. In addition, savings behaviour might have been

affected by difficulties  women faced converting cash into electronic currency.  Survey data  from

Kenya, Mozambique, and Nigeria suggest that mobile money users faced difficulties depositing or

withdrawing funds from a cash-in/cash-out  agents because agents  were short  on cash,  closed or

because of infection concerns.[7] 

The decline in payments and voucher use indicates a decrease in the actual utilization of maternal

and child healthcare during the lockdown. An important finding from our study was that electronic

voucher use, which did not require users to rely on their own financial resources to access maternal

healthcare,  also  reduced  during  lockdown. Other  studies  have  shown  that  user  fee  removal  is

associated with increased utilization of maternal healthcare services including antenatal care visits

and facility-based normal and complicated deliveries (including caesarean sections).[37,38] A review

on  demand-side  financial  incentive  programs  found  increased  utilization  of  antenatal  care  and

facility-based delivery by vouchers aiming to reduce or waive costs of care at the point of use.[11] In

our  study we showed an  effect  of  lockdown on electronic  voucher  use  for  maternal  healthcare
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services. This is an important finding because governments and implementers rely on distributing

direct cash transfers or vouchers for maternal healthcare services during the pandemic to ensure

equitable access to care.[39] It is likely that factors contributing to the overall disruption of maternal

healthcare services  including availability  of health  workers,  drug supply shortage,  and pandemic

control  measures  such  as  interrupted  public  transport  may  also  affect  the  uptake  of  voucher

programs. A recent rapid review on accessibility and utilization of antenatal care services in SSA

found  movement  restrictions  and  limited  transport  access  as  well  as  anxiety  about  contracting

COVID-19 at the health facilities as the main reason for reduced utilization of antenatal care services

and  facility-based  deliveries  during  the  COVID-19  pandemic.[40] These  findings  highlight  the

potential of digital tools, such as the MMHW, which facilitate direct communication with users, to

address barriers to accessing maternal healthcare during lockdowns. The MMHW for instance allows

for direct communication with users without the need for an active internet connection using USSD

and SMS (Short Message Service) protocols. In contrast to mass message campaigns, utilizing the

information available through the MMHW database on the users, their visits to healthcare facilities

and received treatments could allow for more targeted and effective communication with users. By

conveying  individualized  information  about  available  transport  options  and  emphasizing  the

necessity of maternal healthcare, these tools can help assuage concerns related to infection risks and

safety measures. Ensuring that women using the MMHW are aware of public transport availability to

healthcare  facilities  and  providing  details  on  schedules  is  crucial. Lockdowns  can  impose  time

restrictions on daily activities, like grocery shopping, complicating access to antenatal and maternal

care when health  centre  opening hours coincide with restricted activity  times.  It  is  essential  for

women to understand that they can continue to access necessary pregnancy and maternal healthcare

through the MMHW during lockdowns. Communication should focus on the importance of utilizing

maternal care and outlining how it can be safely accessed by adhering to social distancing guidelines

and using personal protective equipment. Lastly, it is vital to ensure that women find compliance

with  additional  procedural  restrictions,  such  as  testing  and  vaccination,  both  manageable  and

feasible.  This  can  be  achieved  through general  public  engagement  campaigns  and the  MMHW,

which can send notifications, reminders, and calls to users. 

Age  is  one  of  the  most  important  determinants  for  accessing  healthcare.[41,42] This  has  been

attributed to higher financial barriers to care for younger adults, less decision making power within a

family and lower quality of care when they can access it.[41] This effect is particularly pronounced

for access to maternal care including skilled assisted delivery, as young maternal age itself has been

associated with lower socio-economic status, lower agency within the family and resulting poorer
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health  outcomes  for  both,  mother  and  offspring.[42] In  line  with  these  findings,  we  found age

dependent differences in the effect of lockdowns on healthcare savings, payments, and electronic

voucher use. Our findings imply that the lockdown had a stronger negative effect on expected and

actual maternal care use of mothers below the age of 25, likely reflecting their comparatively lower

economic standing and decision-making capacity. More research is needed to better understand the

underlying  mechanisms  of  these  effects.  Nonetheless,  our  findings  highlight  the  importance  to

prioritize support for this vulnerable demographic in efforts to mitigate the detrimental effects of

lockdowns on maternal healthcare access. 

 

Limitations

Limitations  include  that  pandemic  control  measures  in  Madagascar  were  not  consistently

implemented or enforced, which limits the discriminating power of our analysis and might introduce

unknown confounders we could not control for. However, the stepwise implementation and partly

short duration of pandemic control measures reflect the reality in many countries in SSA. To allow

for a robust definition of lockdown, we chose to determine the timing and stringency based on data

from the Oxford COVID-19 Government Response Tracker, which provides the most accurate data

on lockdown measures for Madagascar. Second, we did not measure and include in our analysis

effects of the pandemic on the societal  attitude towards healthcare and the perception of mobile

money in general.  However,  these general,  lockdown independent,  effects  would likely be more

gradual over a longer period and be controlled for by using a regression discontinuity analysis to

infer causality. Third, participant enrolment for the main trial was ongoing during the study period,

thus use of the mobile health wallet increased over time. To reduce confounding, we chose to report

daily incidence rates per patient instead of total counts for all outcomes. Fourth, use of the mobile

health wallet may not be a substitute for use of mobile money for health. However, because the

mobile health wallet uses the mobile money infrastructure of mobile network operators, savings and

payment processes for users closely resembled standard mobile money processes. Fifth, we only

included data from women who used the MMHW at least once during the study period. No direct

conclusions can be drawn on the change in health seeking of savings behaviour of women, who did

not  use  the  MMHW.  However,  previous  studies  on  the  user  profiles  of  active  MMHW users,

highlighted that users come from all socio-demographic strata.[18]

Conclusions

In  conclusion,  lockdowns  significantly  reduced  mobile  money-based  savings,  payments,  and

https://preprints.jmir.org/preprint/49205 [unpublished, peer-reviewed preprint]



JMIR Preprints Knauss et al

electronic voucher use for maternal healthcare. These effects on expected and actual maternal care

use are crucial since many services cannot be delayed for long, with potential benefits being lost or

diminished. Our results highlight the challenges in using mobile money and electronic vouchers for

maternal healthcare services during lockdown in a resource-restricted setting.  Further research is

needed  to  identify  what  specific  aspects  of  handling  mobile  money  savings  and  payments  and

electronic  voucher  use  caused patients  to  refrain  from its  use.  These  findings  are  important  for

designing strategies to ensure equitable financial access to healthcare services during this and future

pandemics.

Acknowledgements

The study was conceptualized by SK, GA, TB, and JVE. Methodology development was carried out

by SK, GA, and JVE. Data curation was handled by SK, GA, RL, ZR, and JVE. Full access to raw

data was granted to SK, GA, RL, and JVE. All data in the study was fully accessed and verified by

SK, GA, and JVE. The manuscript's original draft was written by SK and GA. Investigation, formal

analysis, validation, and visualization were performed by SK, GA, TB, and JVE. Reviewing and

editing of the report were done by SK, GA, RL, ZR, TB, and JVE. Funding, computational, and data

analytics resources were managed by SK, TB, and JVE. The final decision to submit the manuscript

for publication was made by SK and JVE and approved by all co-authors.

Data Availability

The data sets generated and analyzed during this study are not publicly available due to privacy and

ethical restrictions but are available from the corresponding author on reasonable request. The data

that support the findings of this study are available with the stipulation that they will be used solely

for scholarly and non-commercial purposes, in compliance with the appropriate ethical regulations.

Requests  for  access  to  these  data  should  be  addressed  to  the  corresponding  author,  subject  to

approval by the Institutional Review Board and adherence to the confidentiality agreements.

Conflicts of Interest

SK and  JVE received  funding  from German  Research  Foundation  (DFG),  German  Ministry  of

Education and Research, and ElseKröner-Fresenius- Stiftung. SK and JVE reports personal fees from

Biogen outside the submitted work. TB reports research grants from the European Union (Horizon

2020  and  EIT Health),  German  Research  Foundation  (DFG),  US  National  Institutes  of  Health,

German Ministry of Education and Research, Alexander von Humboldt Foundation, Else Kröner-

Fresenius- Stiftung, Wellcome Trust, Bill & Melinda Gates Foundation, KfW, UNAIDS, and WHO.

TB reports  personal  fees  from KfW outside the submitted work.  TB has served on Data Safety

https://preprints.jmir.org/preprint/49205 [unpublished, peer-reviewed preprint]



JMIR Preprints Knauss et al

Monitoring Board or Advisory Board for NIH-funded study “Healthy Options” (PIs: Smith Fawzi,

Kaaya),  Chair,  Data Safety and Monitoring Board (DSMB), German National Committee on the

“Future of Public Health Research and Education”,  Chair  of the scientific advisory board to the

EDCTP Evaluation,  Member  of  the  UNAIDS Evaluation  Expert  Advisory  Committee,  National

Institutes  of  Health  Study  Section  Member  on  Population  and  Public  Health  Approaches  to

HIV/AIDS (PPAH), US National Academies of Sciences, Engineering, and Medicine’s Committee

for the “Evaluation of Human Resources for Health in the Republic of Rwanda under the President’s

Emergency Plan for AIDS Relief (PEPFAR)”, University of Pennsylvania (UPenn) Population Aging

Research Center (PARC) External Advisory Board Member. TB has co-chairs the Global Health Hub

Germany (which was initiated by the German Ministry of  Health).  All  other  authors  declare no

competing interests.

Abbreviations

ANC: antenatal care 
CHWs:  community  health  workers
MMHW: Mobile Maternal Health Wallet
SSA:  Sub-Saharan  Africa  
UHC:  universal  health  coverage
PPP: purchasing power parity

References

1. WHO  COVID-19  Dashboard.  Geneva:  World  Health  Organization.  2020.  Available  from:
https://covid19.who.int/ [accessed Mar 29, 2023]

2. Moynihan R, Sanders S, Michaleff ZA, Scott AM, Clark J, To EJ, Jones M, Kitchener E, Fox M,
Johansson  M,  Lang  E,  Duggan  A,  Scott  I,  Albarqouni  L.  Impact  of  COVID-19  pandemic  on
utilisation of healthcare services: a systematic review. BMJ Open 2021 Mar 1;11(3):e045343. doi:
10.1136/bmjopen-2020-045343

3. Jewell BL, Mudimu E, Stover J, ten Brink D, Phillips AN, Smith JA, Martin-Hughes R, Teng Y,
Glaubius  R,  Mahiane SG, Bansi-Matharu L,  Taramusi  I,  Chagoma N,  Morrison M, Doherty M,
Marsh K, Bershteyn A, Hallett TB, Kelly SL. Potential effects of disruption to HIV programmes in
sub-Saharan Africa caused by COVID-19: results from multiple mathematical models. Lancet HIV
2020;7(9):e629–e640. doi: https://doi.org/10.1016/S2352-3018(20)30211-3

4. Gerein N, Green A, Pearson S. The Implications of Shortages of Health Professionals for Maternal
Health  in  Sub-Saharan  Africa.  Reprod  Health  Matters  2006;14(27):40–50.  doi:
https://doi.org/10.1016/S0968-8080(06)27225-2

5. Roberton T, Carter E, Chou V, Stegmuller A, Jackson B, Tam Y, Sawadogo-Lewis T, Walker N. Early
estimates of the indirect effects of the COVID-19 pandemic on maternal and child mortality in low-
income and middle-income countries: a modelling study. Lancet Glob Health 2020 May 12;8. doi:
10.1016/S2214-109X(20)30229-1

6. The  Mobile  Economy  Sub-Saharan  Africa  2022.  GSM  Association.  2022.  Available  from:
https://www.gsma.com/mobileeconomy/wp-content/uploads/2022/10/The-Mobile-Economy-Sub-
Saharan-Africa-2022.pdf [accessed Mar 29, 2023]

7. GSMA. Assessing mobile money consumer trends in the wake of the COVID-19 pandemic - Insights

https://preprints.jmir.org/preprint/49205 [unpublished, peer-reviewed preprint]



JMIR Preprints Knauss et al

from  seven  mobile  money  markets.  2021.  GSM  Association.  2021.  Available  from:
https://www.gsma.com/mobilefordevelopment/wp-content/uploads/2021/03/GSMA_Assessing-
mobile-money-consumer-trends-in-the-wake-of-the-COVID-19-pandemic-2.pdf  [accessed  Mar  29,
2023]

8. Assessing mobile money consumer trends in the wake of the COVID-19 pandemic - Insights from
seven  mobile  money  markets.  GSM  Association.  2021.  Available  from:
https://www.gsma.com/mobilefordevelopment/wp-content/uploads/2021/03/GSMA_Assessing-
mobile-money-consumer-trends-in-the-wake-of-the-COVID-19-pandemic-2.pdf  [accessed  Mar  29,
2023]

9. Mangone,  Emily,  Pam Riley and KD. Digital  Financial  Services  for Health:  A Global  Evidence
Review. IFAD working paper 2021; 

10. Obadha M, Colbourn T, Seal A. Mobile money use and social health insurance enrolment among
rural  dwellers  outside  the formal  employment  sector:  Evidence from Kenya.  Int  J  Health  Plann
Manage 2019 Nov 8;35. doi: 10.1002/hpm.2930

11. Hunter BM, Harrison S, Portela A, Bick D. The effects of cash transfers and vouchers on the use and
quality of maternity care services: A systematic review. PLoS One Public Library of Science; 2017
Mar 22;12(3):e0173068. 

12. Ahmed H, Cowan B. Mobile money and healthcare use: Evidence from East Africa.  World Dev
Elsevier Ltd; 2021 May 1;141:105392. doi: 10.1016/j.worlddev.2021.105392

13. United  States  Agency  for  International  Development  (USAID),  Health  Policy  Plus.  Analyse  du
système de financement de la santé à Madagascar pour guider de futures réformes, notamment la
CSU.  Available  from:  http://www.healthpolicyplus.com/ns/pubs/8211-
8374_HPPlusMadagascarUHCBriefFrench.pdf 

14. World  Health  Organization.  Trends  in  maternal  mortality  2000  to  2020:  estimates  by  WHO,
UNICEF, UNFPA, World Bank Group and UNDESA/Population Division. Geneva; Available from:
https://www.who.int/publications/i/item/9789240068759 [accessed Jan 3, 2024]

15. Franke MA, Ranaivoson RM, Rebaliha M, Rasoarimanana S, Bärnighausen T, Knauss S, Emmrich
JV. Direct patient costs of maternal care and birth-related complications at faith-based hospitals in
Madagascar:  a  secondary  analysis  of  programme  data  using  patient  invoices.  BMJ  Open
2022;12:53823. doi: 10.1136/bmjopen-2021-053823

16. Garchitorena A, Miller AC, Cordier LF, Ramananjato R, Rabeza VR, Murray M, Cripps A, Hall L,
Farmer P, Rich M, Orlan AV, Rabemampionona A, Rakotozafy G, Randriantsimaniry D, Gikic D,
Bonds MH. In Madagascar, use of health care services increased when fees were removed: Lessons
for  universal  health  coverage.  Health  Aff  Project  HOPE;  2017  Aug  1;36(8):1443–1451.
PMID:28784737

17. Demirgüç-Kunt  A,  Klapper  L,  Singer  D,  Ansar  S,  Hess  J.  The  Global  Findex  Database  2017:
Measuring Financial Inclusion and Opportunities to Expand Access to and Use of Financial Services.
World  Bank  Economic  Review  Oxford  University  Press;  2020  Feb  1;34:S2–S8.  doi:
10.1093/WBER/LHZ013

18. Lacroze E, Frühauf A, Nordmann K, Rampanjato Z, Muller N, De Neve JW, Andriamampianina R,
Rajemison E, Bärnighausen T, Knauss S, Emmrich JV. Usability and acceptance of a mobile health
wallet  for  pregnancy-related  healthcare:  A mixed methods study on stakeholders’ perceptions  in
central Madagascar. PLoS One PLoS One; 2023 Jan 1;18(1). PMID:36595530

19. Muller  N,  McMahon  SA,  de  Neve  JW,  Funke  A,  Bärnighausen  T,  Rajemison  EN,  Lacroze  E,
Emmrich J V., Knauss S. Facilitators and barriers to the implementation of a Mobile Health Wallet
for pregnancy-related health care: A qualitative study of stakeholders’ perceptions in Madagascar.
PLoS One Public Library of Science; 2020 Jan 1;15(1). PMID:32004331

20. Muller N, Emmrich PMF, Rajemison EN, De Neve J-W, Bärnighausen T, Knauss S, Emmrich JV. A
Mobile Health Wallet for Pregnancy-Related Health Care in Madagascar: Mixed-Methods Study on
Opportunities  and  Challenges.  JMIR  Mhealth  Uhealth  JMIR  Publications  Inc.;  2019  Mar

https://preprints.jmir.org/preprint/49205 [unpublished, peer-reviewed preprint]



JMIR Preprints Knauss et al

5;7(3):e11420. PMID:30457972
21. Institut National de la Statistique D de la D et des SS (DDSS). Madagascar - Enquête nationale sur le

suivi  des  objectifs  du  millénaire  pour  le  développement  (2012-2013).  2019.  Available  from:
https://demostaf.web.ined.fr/index.php/ddibrowser/157/export/?format=pdf&generate=yes  [accessed
Mar 29, 2023]

22. Enquête par grappes à indicateurs multiples - MICS Madagascar, 2018, Rapport final. Antananarivo,
Madagascar;  2019.  Available  from:  https://mics-surveys-prod.s3.amazonaws.com/MICS6/Eastern
%20and%20Southern%20Africa/Madagascar/2018/Survey%20findings/Madagascar
%202018%20MICS%20Survey%20Findings%20Report_French.pdf 

23. Gibbons L, Belizán JM, Lauer JA, Betrán AP, Merialdi M, Althabe F. The Global Numbers and Costs
of  Additionally  Needed and Unnecessary Caesarean Sections  Performed per  Year:  Overuse as  a
Barrier  to  Universal  Coverage  World  Health  Report  (2010)  Background  Paper,  30  HEALTH
SYSTEMS FINANCING. 

24. Moscoe E, Bor J, Bärnighausen T. Regression discontinuity designs are underutilized in medicine,
epidemiology, and public health: A review of current and best practice. J Clin Epidemiol 2015 Feb
28;25. doi: 10.1016/j.jclinepi.2014.06.021

25. Hale T, Angrist N, Goldszmidt R, Kira B, Petherick A, Phillips T, Webster S, Cameron-Blake E,
Hallas L, Majumdar S, Tatlow H. A global panel database of pandemic policies (Oxford COVID-19
Government  Response  Tracker).  Nat  Hum Behav  2021;5(4):529–538.  doi:  10.1038/s41562-021-
01079-8

26. Muller  N,  McMahon SA,  De Neve J-W, Funke A,  Bärnighausen T,  Rajemison EN,  Lacroze  E,
Emmrich J V, Knauss S. Facilitators and barriers to the implementation of a Mobile Health Wallet for
pregnancy-related health care: A qualitative study of stakeholders’ perceptions in Madagascar. PLoS
One Public Library of Science; 2020 Jan 31;15(1):e0228017. 

27. Grand-Guillaume-Perrenoud  JA,  Origlia  P,  Cignacco  E.  Barriers  and  facilitators  of  maternal
healthcare  utilisation  in  the  perinatal  period  among  women with  social  disadvantage:  A theory-
guided systematic review. Midwifery. Churchill Livingstone; 2022. PMID:34999509

28. Zou G. A Modified Poisson Regression Approach to Prospective Studies with Binary Data. Am J
Epidemiol 2004 Apr 1;159(7):702–706. doi: 10.1093/aje/kwh090

29. Imbens  GW,  Kalyanaraman  K.  Optimal  Bandwidth  Choice  for  the  Regression  Discontinuity
Estimator. Review of Economic Studies 2012 Jan 1;79:933–959. doi: 10.1093/restud/rdr043

30. Wanyana D, Wong R, Hakizimana D. Rapid assessment on the utilization of maternal and child
health  services  during COVID-19 in  Rwanda.  Public  Health Action International  Union Against
Tuberculosis and Lung Disease; 2021 Mar 21;11(1):12–21. doi: 10.5588/pha.20.0057

31. Siedner MJ, Kraemer JD, Meyer MJ, Harling G, Mngomezulu T, Gabela P, Dlamini S, Gareta D,
Majozi N, Ngwenya N, Seeley J, Wong E, Iwuji C, Shahmanesh M, Hanekom W, Herbst K. Access
to primary healthcare during lockdown measures for COVID-19 in rural South Africa: an interrupted
time series analysis. BMJ Open 2020 Oct 1;10(10):e043763. doi: 10.1136/bmjopen-2020-043763

32. Caniglia EC, Magosi LE, Zash R, Diseko M, Mayondi G, Mabuta J, Powis K, Dryden-Peterson S,
Mosepele M, Luckett  R, Makhema J, Mmalane M, Lockman S, Shapiro R. Modest reduction in
adverse  birth  outcomes  following  the  COVID-19  lockdown.  Am J  Obstet  Gynecol  2020/12/24.
Elsevier Inc.; 2021 Jun;224(6):615.e1-615.e12. doi: 10.1016/j.ajog.2020.12.1198

33. Mekonnen BD, Yirdaw BW. Impact of COVID-19 pandemic on utilization of essential  maternal
healthcare services in Ethiopia: A systematic review and metaanalysis. PLoS One Public Library of
Science; 2023 Feb 1;18(2 February). PMID:36749776

34. Pinchoff J, Austrian K, Rajshekhar N, Abuya T, Kangwana B, Ochako R, Tidwell JB, Mwanga D,
Muluve E,  Mbushi  F,  Nzioki  M, Ngo TD. Gendered  economic,  social  and health  effects  of  the
COVID-19 pandemic and mitigation policies in Kenya: evidence from a prospective cohort survey in
Nairobi  informal  settlements.  BMJ  Open  BMJ  Publishing  Group;  2021  Mar  3;11(3):e042749–
e042749. doi: 10.1136/bmjopen-2020-042749

https://preprints.jmir.org/preprint/49205 [unpublished, peer-reviewed preprint]



JMIR Preprints Knauss et al

35. Ranchhod V, Daniels RC. Labour Market Dynamics in South Africa at the Onset of the COVID-19
Pandemic. S Afr J Econ 2021/02/05. John Wiley and Sons Inc.; 2021 Mar;89(1):44–62. doi: 10.1111/
saje.12283

36. Muller N, Emmrich PMF, Rajemison EN, De Neve J-W, Bärnighausen T, Knauss S, Emmrich JV. A
Mobile Health Wallet for Pregnancy-Related Health Care in Madagascar: Mixed-Methods Study on
Opportunities and Challenges. JMIR Mhealth Uhealth JMIR Publications; 2019 Mar 5;7(3):e11420–
e11420. doi: 10.2196/11420

37. Leone T, Cetorelli V, Neal S, Matthews Z. Financial accessibility and user fee reforms for maternal
healthcare  in  five  sub-Saharan  countries:  a  quasi-experimental  analysis.  BMJ  Open  2016  Jan
1;6(1):e009692. doi: 10.1136/bmjopen-2015-009692

38. Ravit  M, Audibert  M, Ridde V,  de Loenzien M, Schantz C,  Dumont A. Removing user  fees  to
improve access to caesarean delivery: a quasi-experimental evaluation in western Africa. BMJ Glob
Health 2018 Jan 1;3(1):e000558. doi: 10.1136/bmjgh-2017-000558

39. Engaging local council leaders to support pregnant women during the covid-19 outbreak. United
States  Agency  for  International  Development.  2020.  Available  from:
https://2017-2020.usaid.gov/uganda/news-information/news/engaging-local-council-leaders-support-
pregnant-women-during-covid-19-outbreak [accessed Mar 29, 2023]

40. Murewanhema G,  Mpabuka E,  Moyo E,  Tungwarara N,  Chitungo I,  Mataruka  K,  Gwanzura C,
Musuka G, Dzinamarira T. Accessibility and utilization of antenatal care services in sub-Saharan
Africa during the COVID-19 pandemic:  A rapid review.  Birth.  John Wiley and Sons Inc;  2023.
PMID:36877622

41. Nachiappan N,  Mackinnon S,  Ndayizeye  JP,  Greenfield  G,  Hargreaves  D.  Barriers  to  accessing
health care among young people in 30 low-middle income countries. Health Sci Rep John Wiley and
Sons Inc; 2022 Jul 1;5(4). doi: 10.1002/HSR2.733

42. Seidu A-A. Mixed effects analysis of factors associated with barriers to accessing healthcare among
women  in  sub-Saharan  Africa:  Insights  from  demographic  and  health  surveys.  2020;  doi:
10.1371/journal.pone.0241409

 

https://preprints.jmir.org/preprint/49205 [unpublished, peer-reviewed preprint]



JMIR Preprints Knauss et al

Supplementary Files

https://preprints.jmir.org/preprint/49205 [unpublished, peer-reviewed preprint]



JMIR Preprints Knauss et al

Figures

https://preprints.jmir.org/preprint/49205 [unpublished, peer-reviewed preprint]



JMIR Preprints Knauss et al

Age distribution of 3,416 women utilizing a Mobile Maternal Health Wallet to save and pay for healthcare in Antananarivo,
Madagascar, between January 1 to August 27, 2020 included in a regression discontinuity analysis to determine the effect of
COVID-19 lockdown on mobile payments for maternal health. Each histogram bars represent counts for a 5-year age range and
the red curve represents the density scaled to fit the count axis.
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Overview of lockdown stringency index for Madagascar according to containment and closure policy indicators from the
Oxford COVID-19 Government Response Tracker.[25] Panel (B) displays the overall Lockdown Stringency Index, a composite
measure based on several policy indicators, during the study period. The blue dashed vertical line represents the initiation of
lockdown, while the solid blue line signifies its conclusion. Color-coded horizontal lines in Panel B correspond to the specific
periods for which eight containment and closure policies are detailed in the respective bar charts in (A) before and (C) during
lockdown. . Containment and closure policies are listed on the x-axis of each sub-panel and rated on a scale from 0 (least severe
restriction) to 4 (most severe restriction) according to the Oxford COVID-19 Government Response Tracker on the y-axis. The
eight policies are 1) school closing, 2) workplace closing, 3) cancel public events, 4) restrictions on gatherings, 5) close public
transport, 6) stay at home requirements, 7) restrictions on internal movement, and 8) international travel controls.
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Regression discontinuity analysis of the effect of lockdown on savings, payments and electronic voucher use for maternal
healthcare. (A-C) Total events of 3,416 women utilizing the Mobile Maternal Health Wallet to save and pay for maternal care
at 25 public-sector health primary care facilities and four referral hospitals in Antananarivo, Madagascar between January 1,
2020, and August 27, 2020 depicted as count of events per day (blue dots). Solid red line and black fine-dotted lines depict the
predicted incidence rate and confidence intervals respectively before and after lockdown using a modified Poisson regression
model and the optimal bandwidth determined by a data-dependent algorithm describe by Imbens and Kalyanaraman.[28] The
origin on the x-axis corresponds to January 1, 2020. D) Time-to-reach-baseline for different age groups. Time relative to the
lockdown for the predicted incidence rate after the lockdown to reach the extrapolated counterfactual predicted incidence rate.
Time to reach the extrapolated counterfactual was shortest in the age group of above 30-year-olds for savings and electronic
vouchers and shortest in the age group of 25 to 30-year-olds for payments. In the age group of below 25-year-olds, the
predicted incidence rate after lockdown did not return to the counterfactual predicted incidence rate for savings, payments and
electronic voucher use and was coded as 999 days.
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Supplementary material including descriptive statistics (Supplementary Table 1) and sensitivity analysis for different bandwidths
centered at the optimal bandwidth (Supplementary Figure 1).
URL: http://asset.jmir.pub/assets/d902cc3229bb38889f31c451989e44e1.docx
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