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MANDATE is a mathematical model designed to estimate the relative impact of different interventions on
maternal, fetal, and neonatal lives saved in sub-Saharan Africa and India. A key advantage is that it allows
users to explore the contribution of preventive interventions, diagnostics, treatments, and transfers to higher
levels of care to mortality reductions, and at different levels of penetration, utilization, and efficacy.

B ABSTRACT

Maternal, fetal, and neonatal mortality disproportionately impact low- and middle-income countries, and many current interventions that
can save lives are often not available nor appropriate for these settings. Maternal and Neonatal Directed Assessment of Technologies
(MANDATE) is a mathematical model designed to evaluate which interventions have the greatest potential to save maternal, fetal, and
neonatal lives saved in sub-Saharan Africa and India. The MANDATE decision-support model includes interventions such as preventive
interventions, diagnostics, treatments, and transfers to different care settings to compare the relative impact of different inferventions on
mortality outcomes. The model is calibrated and validated based on historical and current rates of disease in sub-Saharan Africa and
India. In addition, each maternal, fetal, or newborn condition included in MANDATE considers disease rates specific to sub-Saharan
Africa and India projected fo intervention rates similar to those seen in high-income countries. Limitations include variance in quality of
data to inform the estimates and generalizability of findings of the effectiveness of the interventions. The model serves as a valuable
resource fo compare the potential impact of multiple interventions, which could help reduce maternal, fetal, and neonatal mortality in

low-resource settings. The user should be aware of assumptions in evaluating the model and interpret results accordingly.

M BACKGROUND

early 98% of all maternal, fetal, and neonatal mor-
Ntality occurs in low- and middle-income countries
(LMICs).'™ Most maternal, fetal, and neonatal mortality
arises from conditions that are preventable or treatable if
appropriate care is available.'*> However, about half of
births in LMICs occur outside a health facility, and about
half of home births are not attended by a birth attend-
ant.® With only about half of all deliveries occurring in
facilities in LMICs, many lifesaving interventions are
unavailable to pregnant women.”® Even when they are
available, existing interventions are often too complex
for unskilled workers, and many maternal, fetal, and
neonatal problems began before the onset of childbirth.
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The high skill level required and the lack of infrastruc-
ture hinder widespread adoption of many interventions
that could reduce maternal, fetal, and neonatal mortal-
ity. To address the challenges to safe pregnancy and
childbirth in LMICs, innovative solutions are needed.

When researchers assess the impact of a health inter-
vention, it is often based on efficacy in a controlled clini-
cal setting or on the availability of the intervention
within LMICs.” In addition, clinical research is expen-
sive, and randomized trials of known efficacious inter-
ventions are often difficult to conduct in LMICs.
Therefore, knowledge gaps exist between the potential
benefit of interventions in controlled clinical trial set-
tings and the potential benefit of realistic maternal, fetal,
and neonatal care in LMICs. The context is critical to
consider when evaluating which interventions have the
greatest potential to save lives in LMICs.

One way to address these knowledge gaps is by using
mathematical models to estimate the impact of
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interventions in different settings. Important to
interpreting model results is understanding the
assumptions that inform the model as well as the
limitations and uncertainty of model results.
Examples of modeling considerations include
the variance in quality of data to inform baseline
estimates, especially for low-resource settings; the
applicability of efficacy for an intervention studied
in a hospital versus clinic versus home setting; the
difficulties of supply chain or worker skills in
LMICs; and the definition of the intervention itself
(i.e., whether providing treatment also assumes
that the patient was already diagnosed correctly).

Maternal and Neonatal Directed Assessment
of Technologies (MANDATE) is a mathematical
model that assesses the potential of individual
interventions and combinations of interventions
to reduce maternal, fetal, and neonatal mortality
in sub-Saharan Africa and India. It is a web-based
decision-support tool (www.mnhtehc.org) that
compares the relative effect of different maternal,
fetal, and neonatal interventions and provides
insights on potential bottlenecks that might pre-
vent an intervention from saving the maximum
number of maternal, fetal, and neonatal lives.”™"'
Researchers, universities, technology developers,
and ministries of health could potentially use
MANDATE as a tool for developing and optimizing
their maternal, fetal, and neonatal interventions.

The objective of this paper is to describe the
modeling methods used to develop the MANDATE
model as well as the data and processes used to cal-
ibrate and validate the model. We also discuss the
strengths and limitations of the MANDATE model,
which may be applicable to other models.

B METHODS FOR DEVELOPING THE
MANDATE MODEL

Source of the Data

To collect information on maternal, fetal, and neo-
natal conditions and interventions, we conducted
a literature review that included all literature on
maternal, fetal, and newborn mortality and
interventions published in English from 1980
through April 2015 in PubMed, the Cochrane
Library, and the World Health Organization data-
base, resulting in the review of 1,401 articles.
Specifically, literature was reviewed that
addressed maternal, fetal, and neonatal mortality
rates and interventions in sub-Saharan Africa
and India. Where available, Cochrane reviews
were used to establish the efficacy of interven-
tions to reduce maternal, fetal, and neonatal
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mortality in LMICs. Demographic and Health
Surveys data were used to estimate the availabil-
ity of interventions, and United Nations reports
were used to estimate the number of live births
per region or country. Incidence and mortality
rates from conditions affecting maternal, fetal, and
neonatal health were established using journal
articles that addressed all-cause mortality in
LMICS.1—5,12—16

When data were unavailable from these sour-
ces, we gathered data through expert opinion,
including the Global Network for Women's and
Children's Health Research,'” a research network
in Argentina, the Democratic Republic of the Congo,
Guatemala, India, Kenya, Pakistan, and Zambia.
Key citations are available for each intervention
on the MANDATE website (www.mnhtech.org).
Finally, a modified graph decorrelation (GraDe)
algorithm was applied, which used the estimates
from the highest quality sources as primary, with
support from other sources where no other data
were available. Key references are denoted beside
each intervention on the MANDATE website, and
can be seen by clicking the question mark beside
each intervention.

Modeled Conditions

MANDATE evaluates the major conditions that
cause maternal, fetal, and neonatal mortality,
excluding unsafe abortion, and the impact of a
range of interventions to prevent, diagnose, or
treat each condition. To develop the model, we
first determined the conditions that have the
greatest impact on maternal, fetal, and neonatal
mortality in sub-Saharan Africa and India. The
model includes conditions affecting maternal,
fetal, and neonatal mortality and their related
sub-conditions, as identified through the WHO
International Classification of Diseases.

Modeled conditions associated with maternal
mortality include obstructed labor, maternal infec-
tion, maternal hemorrhage, and maternal hyper-
tensive disorders. Modeled conditions associated
with stillbirth include obstructed labor, maternal
hemorrhage, maternal hypertensive disorders,
fetal distress, and maternal infections. Modeled
neonatal conditions include infection, birth as-
phyxia, and preterm birth. Within each condi-
tion, sub-conditions that are attributed to each
cause were also defined (Figure 1). Sub-conditions
refer to specific etiologies of conditions; for exam-
ple, maternal infection, which is the main condi-
tion, includes sepsis, syphilis, and malaria as its
sub-conditions.

572


http://www.mnhtehc.org
http://www.mnhtech.org
http://www.ghspjournal.org

MANDATE Model

www.ghspjournal.org

FIGURE 1. Conditions Modeled in MANDATE
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Evaluating each sub-condition allows for
interventions to be applied only to the appropriate
population that could benefit from the interven-
tion. For example, even though maternal hemor-
rhage is often discussed as a cause of maternal
mortality, hemorrhage is caused by several sub-
conditions such as placental abruption, placenta
previa, ruptured uterus, lacerations, atonic uterus,
or retained placenta. Treatments for these sub-
conditions vary. For example, with the antepar-
tum or intrapartum hemorrhages (e.g., placental
abruption, placenta previa, and ruptured uterus),
clinicians need to consider the status of the fetus
(i.e., alive or dead), whereas with postpartum
hemorrhages the fetus will not directly benefit
from maternal interventions. Similarly, if the
cause of a hemorrhage is a retained placenta,
suturing the cervix will not treat the underlying
cause of the hemorrhage. Interventions within
the model are specific to each sub-condition and
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are only applied to the sub-condition that they
impact. The interventions in the model focus on
current best practices as well as promising or
emerging clinical practices.

After interventions are applied, the maternal
sub-conditions are associated with rates of mater-
nal death, fetal death, and the prevalence of a neo-
natal condition. Neonatal sub-conditions are
associated with risk for neonatal mortality and
have no impact on maternal or fetal outcomes.

Mathematical Modeling

MANDATE is a decision tree mathematical model
based on the conditions and sub-conditions
(Figure 2). For each of these sub-conditions, the
model calculates the number of pregnancies in a
particular time frame in the designated geographic
region. The model is calibrated using several sce-
narios. First, the model's initial inputs are cali-
brated using historical incidence rates (e.g.,
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FIGURE 2. Decision Tree Modeling Methodology
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incidence rates before the existence of antibiotics
for the bacterial infection model, or incidence rates
before the use of uterotonics or active management
of the third stage of labor for hemorrhage) that
assume no interventions are available in the popu-
lation to determine the population at risk of having
a sub-condition. Then interventions are added to
prevent, diagnose, and treat maternal, fetal, and
neonatal sub-conditions using baseline estimates
of their availability (i.e., penetration), use when
available (i.e., clinically significant/appropriate
utilization), and efficacy (i.e., benefit under ideal,
controlled conditions). Finally, MANDATE uses
untreated case fatality rates to estimate the likeli-
hood of mortality if no interventions are used.
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Interventions

The interventions included in the model to com-
pare their relative impact consist of preventive
interventions, diagnostics, treatments, and trans-
fers to ditferent care settings.

Preventive Interventions

A preventive intervention is defined as an inter-
vention that reduces the incidence of a sub-
condition. In the model, preventive interventions
decrease the number of people who develop the
sub-condition. Members of the population whose
condition was successfully prevented are moved
from the pool of individuals with the condition to
the condition-negative group. When a condition is
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successfully prevented, it no longer contributes to
the risk of dying from the sub-condition in the
model.

Diagnostics

MANDATE defines diagnostics as interventions
that successfully recognize or diagnose a disease
status, assuming the subject is a true positive di-
agnosis for a particular condition. MANDATE
does not allow for false positive diagnoses to
receive benefit from treatment, as these individu-
als in actuality would receive no benefit from the
treatment. The model requires a diagnosis of the
condition to prompt actions such as treatment or
transfer to a facility for treatment. Diagnostics
typically fall into 3 categories: (1) recognition of
symptoms—made by a patient or unskilled care
provider; (2) clinical diagnostics—made by a
skilled health care provider; or (3) technology-
based diagnostics—technologies used to formally
diagnose a condition.

Treatments

Treatments are defined as interventions that
impact mortality among the sub-conditions; the
patient must first be appropriately diagnosed to
receive a treatment within the model. A treatment
for a mother can also impact fetal sub-conditions
or reduce the likelihood of a neonate developing
a sub-condition. For example, a cesarean delivery
used to treat a mother with preeclampsia may pre-
vent the mother's mortality from preeclampsia
and may also prevent fetal mortality and neonatal
birth asphyxia.

Transfers to Different Care Settings
Preventive interventions, diagnostics, and treat-
ments are each evaluated using 3 constructs: pen-
etration, utilization, and efficacy. Penetration is
the availability of an intervention. Utilization is
the appropriate use of an intervention. Efficacy
is the ability of an intervention to successfully pre-
vent, diagnose, or treat a given sub-condition
under ideal conditions. Even though efficacy is
defined in the model as constant, regardless of
location where the intervention is applied, medi-
cal care and availability of interventions often
varies based on level of care. These variations are
captured by evaluating each intervention option
(i.e., preventive interventions, diagnosis, and
treatment) in 3 different settings: home, clinic,
and hospital.

The setting represents where an intervention
will occur, which usually corresponds to the
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location of antenatal or delivery care, or, for con-
ditions with long latency periods, where symp-
toms emerge. Home settings are defined by
having very limited availability of skilled pro-
viders, no cesarean or surgical capabilities, and no
technology-based interventions. Clinic settings
are defined as having some availability of skilled
providers who can provide basic obstetric and
neonatal care, with no cesarean or invasive surgi-
cal capabilities.'® Hospital settings are defined as
having the availability of skilled providers such as
nurses and physicians. Hospitals have varying
degrees of emergency obstetric and neonatal care
capacity, including cesarean and surgical capabil-
ities in some hospitals.'® As such, some interven-
tions are only available or utilized in the clinic or
hospital settings. By explicitly modeling the dif-
ferences in the availability (penetration) and uti-
lization of interventions in home, clinic, and
hospital settings, the MANDATE model calcu-
lates the differences in mortality by care in differ-
ent settings.

Transfers are captured in MANDATE as the
ability of pregnant women and neonates to move
from one setting to another for care. For example,
a diagnosis in a home setting might increase the
proportion of patients who transfer to a different
care setting, such as a clinic or hospital, for addi-
tional intervention.

Simultaneous Use of Multiple Interventions

The model allows for more than one preventive
intervention, diagnostic, or treatment to be available
at the same time for any specific sub-condition. In
this case, we have assessed whether the interven-
tions can be given independently or if they are de-
pendent (e.g., one intervention must be given
before the second intervention). To address the
model's ability to assess multiple interventions at
once, the MANDATE model uses the modeling con-
cepts of lines and layers.

The concept of a "line of intervention" refers to
any intervention that is given based on previous
interventions that were tried and failed (i.e., the
sub-condition was not successfully prevented,
diagnosed, or treated). For example, if a newborn
was given oxygen for respiratory distress syn-
drome, and oxygen was not sufficient, then a
more advanced treatment, such as ventilation,
could be given next. Technologies that must be
given in a specific order and are dependent on
other interventions being offered first are called
"lines of intervention."

The model allows
for more than one

preventive
intervention,
diagnostic, or

treatment to be
available at the
same time for any

specific sub-
condition.

The variance in
medical care and

availability of

interventions is

captured by

evaluating each

intervention
optionin 3

different settings:
home, clinic, and

hospital.
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Each model was
validated by
estimating the
number of
maternal, fetal,
and neonatal
deaths resulting
from each
condition with
treatments that
are currently
available in sub-
Saharan Africa
and India.

Interventions that are not dependent on any
other technology are defined as "layered interven-
tions." In this case, it does not matter if any other
preventive intervention, diagnosis, or treatment is
being offered at the same time, and the order in
which those interventions are modeled is not rele-
vant. An example is the use of bimanual uterine
massage and the use of uterotonics, such as oxyto-
cin, to prevent atonic uterus. Using one of these
interventions does not preclude the use of the
other, nor does the order in which they are used
depend on the other.

MANDATE also accounts for interventions
that can be given only once or at specific times
based on different interventions. For example, a
woman who receives a cesarean delivery cannot
receive a cesarean delivery twice for the same
pregnancy. However, some interventions can be
given multiple times and have different benetfits
based on the timing of the intervention. One
example is the use of oxytocin. Oxytocin helps
prevent and treat hemorrhage by contracting the
uterus. It can be used as a preventive intervention
and as a treatment, so using oxytocin twice on the
same mother at different points in her care is
allowable in MANDATE.

Validation and Calibration

Every sub-condition within MANDATE was vali-
dated and calibrated by running a minimum of
4 scenarios:

1. Nointervention based on literature about the
natural course of disease or the known course
of disease before modern interventions

2. Current-care intervention that reflects cur-
rent intervention rates in sub-Saharan Africa
or India

3. Intervention rates in high-income countries

4. Change(s)-in-care rates for each intervention
in the model

The no-intervention scenario uses historical
disease rates to evaluate how many women,
fetuses, or mnewborns died from each sub-
condition before interventions became available.
For example, when calibrating the sepsis models,
we used historical disease rates from the early
1900s, before the advent of antibiotics. Similar
historical data were used for each sub-condition.

Each model was validated by estimating the
number of maternal, fetal, and neonatal deaths
resulting from each condition with treatments
that are currently available in sub-Saharan Africa
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and India. Input data for penetration, utilization,
and efficacy of each intervention in each care set-
ting were based on estimates of current rates of
intervention in sub-Saharan Africa and India.
The aggregate outputs result in mortality rates
that reflect the current total mortality in sub-
Saharan Africa and India, adjusted for mortality
causes not included in the model.

Next, the models had data inputs for penetra-
tion, utilization, and efficacy in care settings re-
flective of where care is sought in high-income
countries. (Efficacy remained constant because
efficacy by definition is the clinical benefit under
ideal conditions.) When interventions in MANDATE
are improved to the standard of care provided in
high-income countries, the mortality for each condi-
tion declines to levels consistent with mortality rates
in high-income countries.

The final scenarios were specific to each inter-
vention in the model. Each condition was also
evaluated using a high estimate and low estimate
for expected mortality as well as a high and low
estimate for penetration, utilization, and efficacy
for each intervention. The results of these scenar-
ios needed to be logical and appropriately scaled
when compared with the no-intervention and
high-income countries scenarios. These scenarios
were validated by experts in the field of maternal,
fetal, and neonatal mortality in LMICs.” /1972

B DISCUSSION

No model can provide a comprehensive under-
standing of maternal, fetal, and neonatal mortality
alone, and MANDATE is just one of many resour-
ces available to analyze interventions in LMIC
settings. When assumptions are understood and
models are used judiciously, models can provide
unique insights to contribute to improvements in
maternal, fetal, and neonatal mortality. Therefore,
it is important to acknowledge complementary
resources available to support critical decisions
about maternal, fetal, and neonatal interventions.
One complementary resource is the Lives
Saved Tool (LiST), a free software-based tool
(part of the Spectrum suite of tools) that estimates
mortality averted due to maternal and child health
interventions.'”2° Originally funded by the Bill &
Melinda Gates Foundation and the United Nations
Children's Fund (UNICEF), LiST is widely used by
the global maternal and child health community
to advocate for needed interventions in LMICs.
The model also includes modules on HIV/AIDS
and family planning interventions, and has
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TABLE. Similarities and Differences Between LiST and MANDATE

LiST

MANDATE

Purpose

Conditions Included

Condition Specificity

Intervention Specificity

Intervention Constructs

Type of Software

Training and Tutorials

Cost to Use
Outputs

A Microsoft Windows-based software tool used to
model the impact of scaling up health interventions
aimed at reducing mortality and morbidity in moth-
ers, newborns, and children under 5 years of age

Maternal, fetal, newborn, and child health interven-
tions; malaria interventions; and HIV/AIDS
interventions

Condition level

Sometimes packages interventions (e.g., active
management of the third stage of labor)

Coverage, effectiveness; rates available for some
interventions by setting, dependent on topic

Spectrum software package

User manual, online tutorials, webinars, and techni-
cal assistance

Free

Number of maternal and child (up to 5 years)
deaths, mortality rates/ratios, deaths averted, inter-
mediate outcomes (e.g., stunting, breastfeeding),
and single- and multiple-country scenarios

A web-based, mathematical model designed to
estimate maternal, fetal, and neonatal lives saved
in sub-Saharan Africa and India

Maternal, fetal, and neonatal health interventions,
excluding HIV/AIDS; malaria is only evaluated
based on deaths directly attributable to malaria

Condition and sub-condition level

Generally unpackages inferventions to focus on a
specific component of an intervention (e.g., oxyto-
cin, uterine massage, types of diagnostics)

Penetration, utilization, efficacy, and transfer
between care settings; rates available for each
infervention by setting

Web-based

Online 15-minute tutorial and technical assistance

Free

Number of maternal, fetal, and newborn (up to 28
days) deaths, deaths averted, cases averfedp(e.g.,
postpartum hemorrhage, eclampsia), and single-
and multiple-country scenarios

Abbreviations: LiST, Lives Saved Tool; MANDATE, Maternal and Neonatal Directed Assessment of Technologies.

proven itself an important resource for the global
health community.

There are several similarities and differences
between LiST and MANDATE that are noted in
the Table.”® While both models contribute to the
body of knowledge about how to intervene in
LMICs, we believe that any user of a model should
understand the underlying assumptions, strengths,
and limitations of that model, and use model esti-
mates as a contributing piece of evidence for opti-
mizing interventions in LMICs.

One of best ways to understand the differen-
ces between the 2 models is to consider a case
example, such as providing broader coverage
of magnesium sulfate (MgSO,) in sub-Saharan
Africa to treat preeclampsia. Using LiST's model
for 2012, we aggregated all countries in sub-
Saharan Africa to examine the impact of adding
100% coverage (i.e., similar to MANDATE's
availability times penetration) of MgSO, in set-
tings with skilled providers compared with sub-
Saharan Africa's baseline coverage of MgSO,.
LiST assumes that the efficacy of MgSO,4 prevents
mortality, and therefore, MgSO, is a potentially
lifesaving treatment. In this scenario, perfect
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access to and use of MgSO, in settings with skilled
providers (i.e., hospitals and clinics) in sub-
Saharan Africa would result in approximately
10,000 maternal lives saved in 2012 as estimated
by LiST. When the same analysis is done using the
current data version of MANDATE (online model
version 1.1.81, data version 1.1.122), with MgSO,4
penetration and utilization of 100% in clinic and
hospital settings, MANDATE estimates that only a
little over 700 lives would be saved with the addi-
tion of MgSO, to all care settings. To understand
the differences between the 2 estimates, it is neces-
sary to know the differences in methodologies and
assumptions.

Building on a previous MANDATE analysis,
we conducted an abbreviated series of analyses
using the current data version of MANDATE to
understand better the difference in estimated lives
saved between the 2 models with the use of
MgS0,.>" The first critical difference is to under-
stand that in MANDATE, the assumption is that
MgS0O, does not directly prevent mortality,
whereas with LiST the efficacy applied to MgSO,4
is to prevent mortality. Instead, MANDATE mod-
els the efficacy of MgSO,4 to prevent seizures and
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MANDATE allows
the user to explore
each component
that contributes to
reduction in
mortality at
different levels of
penetration,
utilization, and
efficacy.

recurrent seizures. Another critical difference is
that MANDATE does not assume diagnosis is
available to each MgSO, recipient. While we
understand that MgSO, would not be given if a di-
agnosis had not been made, we also feel that diag-
nosis is often a complex step toward getting
appropriate treatment, and it cannot be taken for
granted as a step toward providing safer pregnan-
cies and childbirth in LMICs. If we assume that di-
agnosis were available to and used (e.g., provided)
by every pregnant woman and MgSO,4 was given
when appropriate, MANDATE estimates that
approximately 7,500 maternal lives would be
saved. Building on this analysis, we could also use
MANDATE to estimate lives saved with the
assumption that all women were diagnosed and
all women were given access to a cesarean deliv-
ery or induction if they are given MgSO,, and
that all women in need of MgSO, receive it. In
this scenario, MANDATE estimates that approxi-
mately 10,000 maternal lives would be saved.
Finally, we could consider a scenario where all
women were diagnosed, transferred to an appro-
priate care setting, provided MgSO,4 and cesarean
delivery or induction, and then we would see mor-
tality decline from approximately 17,000 maternal
deaths per year to approximately 5,000 deaths per
year, which means that just over 12,000 maternal
lives would be saved by this scenario.

This example illustrates some of the important
differences between the LiST and MANDATE
approaches (e.g., diagnosis assumptions and
transfer assumptions), and highlights the impor-
tance of understanding the underlying assump-
tions used for any modeling. Both models start
with similar assumptions regarding the popula-
tion of pregnancies (using the United Nations
data).

LiST allows the user to scale up coverage of the
known intervention (in this case MgS0O,4) with use
in currently acceptable settings (e.g., health facili-
ties with skilled providers). The LiST model with
MgSO, assumes that everyone who gets MgSO,4
and has preeclampsia/eclampsia could be diag-
nosed, and that MgSO, (rather than induction or
cesarean delivery) prevents death directly, regard-
less of whether the mother receives an emergent
or emergency delivery. Thus, even though LiST
allows the user to estimate the impact of scaling
up the use of MgSO,, LiST also assumes the sup-
porting interventions (e.g., diagnoses and treat-
ment options) are available. In doing this, the
assessment of the impact of MgSO, by LiST on
lives saved focuses on the overall outcome of
MgSO, and assumes that the complex steps
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needed to appropriately manage preeclampsia/ec-
lampsia are available.

MANDATE allows the user to further explore
each of the components that contribute to reduc-
tion in mortality (e.g., diagnostics, facility care,
access to cesarean delivery and labor induction,
and transfers, in addition to MgSO,) and to
explore each of these at different levels of penetra-
tion, utilization, and efficacy.

We see that when all of the coverage is pro-
vided, MANDATE and LiST have similar reduc-
tions in maternal mortality, and both provide
valuable insights to the lifesaving abilities of
MgSO,. However, MANDATE also highlights the
important interactions between MgSO, and other
needed steps for maternal care, including diagno-
sis, transfer between care settings, and treatment
capabilities.

Limitations of MANDATE

As with all models, MANDATE has a defined scope
and includes simplifying assumptions. Limitations
relate to either scope or data availability. The scope
of MANDATE is limited to 2 geographic regions,
sub-Saharan Africa and India. The base assump-
tions regarding a condition's incidence and inter-
vention penetration and utilization are at the
continent level for sub-Saharan Africa and at the
country level for India. These numbers can be
modified by the user if more accurate information
or country-specific data are available; however, lit-
erature does not currently provide sufficient data to
support country-specific data for every modeling
assumption. Though incidence, penetration, utili-
zation, and efficacy are not reflective of each coun-
try's specific conditions, the proportion of the
population flowing through the model may be re-
stricted to the country level in sub-Saharan Africa
(e.g., Ethiopia) and state level in India (e.g., Uttar
Pradesh). In addition, a user has the ability to mod-
ify assumptions online as long as they disclose the
rationale for their modifications.

Data availability and data concordance were a
challenge for the MANDATE model. Although
we searched the peer-reviewed literature, gray
literature, and data from sub-Saharan Africa and
India, substantial gaps in the data remain. These
gaps reflect the relative scarcity of data regarding
disease burden and interventions in LMICs.
Further, MANDATE is not a stochastic model
and does not account for random variation in
population flows through the decision tree; this
limitation is primarily due to the lack of data to
appropriately calibrate a stochastic model. In
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addition, some conditions may appear to result in
rates of mortality that are lower than rates
reported by some experts in that field; however,
estimates are calibrated based on global estimates
of mortality that consider all causes of mortality
tOge[heL1,2,4,14716

We attempted to mitigate data availability
issues by using expert clinical opinions and data
from RTI International, gathered through the
Global Network for Women's and Children's
Health Research.'” Further, we sought to be trans-
parent about the data availability by embedding
critical references for each intervention within
the online model. In addition, the model allows a
user to change the baseline estimates if they are
privy to more accurate local data estimates.

MANDATE also requires rigorous data mainte-
nance to ensure updated estimates for penetration,
utilization, and efficacy, and without support to
update data, the model will be obsolete within a
few years.

MANDATE is currently limited to sub-conditions
that directly account for the predominance of mater-
nal, fetal, and neonatal mortality. Comorbidities are
not modeled in MANDATE, including HIV/AIDS,
which is known to have important impacts on
many of the modeled conditions. The technologies
included in MANDATE are limited to those that
(1) focus on preventing maternal, fetal, and neona-
tal mortality, and (2) are currently part of clinical
standard of care or are highly visible, promising
interventions.

Finally, we would like to emphasize that the
lessons derived from modeling are limited by the
extent to which the user understands, accounts
for, and respects the limitations of the underlying
modeling assumptions. There is always a risk that
inappropriate use of a model can result in the
over- or underestimation of the potential impact
of an intervention. However, when used thought-
fully, models serve as a useful tool to guide con-
versations, thoughts, or advocacy around specific
interventions.

Il CONCLUSIONS

MANDATE is the only model that evaluates
maternal, fetal, and neonatal conditions and
sub-conditions resulting in mortality. Further,
MANDATE considers care settings, transfers to
facilities for further interventions, and the impact
of maternal conditions on fetal and neonatal out-
comes. MANDATE is an important decision-
making model that the global maternal and child
health community can use to assess the relative

Global Health: Science and Practice 2017 | Volume 5 | Number 4

impact of interventions on maternal, fetal, and
neonatal mortality. In countries with limited
resources, it is critical to identify and pursue inter-
ventions that can most effectively prevent mater-
nal, fetal, and neonatal mortality. MANDATE can
serve as a resource to determine the relative bene-
fit of many potential interventions for maternal,
fetal, and neonatal mortality in sub-Saharan
Africa and India.

Acknowledgments: This study was funded through a grant from the Bill &
Melinda Gates Foundation to RTI International for Maternal and
Neonatal Directed Assessment of Technologies (MANDATE).

Funding: Bill & Melinda Gates Foundation.

Competing Inferests: None declared.

B REFERENCES
1

. Black RE, Cousens S, Johnson HL, et al; Child Hedlth Epide-
miology Reference Group of WHO and UNICEF. Global, re-
gional, and national causes of child mortality in 2008: a system-
atic analysis. Lancet. 2010,;375(9730):1969-1987. CrossRef.
Medline

2. Khan KS, Wojdyla D, Say L, Gillmezoglu AM, Van Look PFA. WHO
analysis of causes of maternal death: a systematic review. Lancet.
2006;367(9516):1066-107 4. CrossRef. Medline

3. Lee ACC, Katz J, Blencowe H, et al; CHERG SGA-Preferm Birth
Working Group. National and regional estimates of term and pre-
term babies born small for gestational age in 138 low-income and
middle-income countries in 2010. Lancet Glob Health. 2013;1(1):
e26-e36. CrossRef. Medline

4. Liu L, Johnson HL, Cousens S, et al; Child Health Epidemiology
Reference Group of WHO and UNICEF. Global, regional, and
national causes of child mortality: an updated systematic analysis for
2010 with time trends since 2000. Lancet. 2012;379(9832):2151-
2161. CrossRef. Medline

5. Ronsmans C, Graham WJ; Lancet Maternal Survival Series steering
group. Maternal mortality: who, when, where, and why. Lancet.

2006;368(9542):1189-1200. CrossRef. Medline

6. Montagu D, Yamey G, Visconti A, Harding A, Yoong J. Where do
poor women in developing countries give birth2 A multi-country
analysis of demographic and health survey data. PLoS One. 2011;
6(2):e17155. CrossRef. Medline

7. Crowe S, Utley M, Costello A, Pagel C. How many births in sub-
Saharan Africa and South Asia will not be attended by a skilled birth
attendant between 2011 and 20152 BMC Pregnancy Childbirth.
2012;12(1):4. CrossRef. Medline

8. World Health Organization (WHO); United Nations Population
Fund (UNFPA); The World Bank; United Nations Population Division.
Trends in Maternal Mortality: 1990 to 2013. Estimates by WHO,
UNICEF, UNFPA, The World Bank and the United Nations
Population Division. Geneva: WHO; 2014. http://www.who.int/
reproductivehealth/ publications/monitoring/ maternal-mortality-
2013/en/. Accessed November 9, 2017.

9. McClure EM, Rouse DJ, MacGuire ER, et al. The MANDATE model
for evaluating interventions to reduce postpartum hemorrhage. Int J
Gynaecol Obstet. 2013;121(1):5-9. CrossRef. Medline

10. Goldenberg RL, McClure EM, MacGuire ER, Kamath BD, Jobe AH.
Lessons for low-income regions following the reduction in
hypertension-related maternal mortality in high-income countries. Int

J Gynaecol Obstet. 2011;113(2):91-95. CrossRef. Medline

MANDATE is the
only model that
evaluates
maternal, fetal,
and neonatal
conditions and
sub-conditions
resulting in
mortality.

579


https://doi.org/10.1016/S0140-6736(10)60549-1
http://www.ncbi.nlm.nih.gov/pubmed/20466419/
https://doi.org/10.1016/S0140-6736(06)68397-9
http://www.ncbi.nlm.nih.gov/pubmed/16581405
https://doi.org/10.1016/S2214-109X(13)70006-8
http://www.ncbi.nlm.nih.gov/pubmed/25103583
https://doi.org/10.1016/S0140-6736(12)60560-1
http://www.ncbi.nlm.nih.gov/pubmed/22579125
https://doi.org/10.1016/S0140-6736(06)69380-X
http://www.ncbi.nlm.nih.gov/pubmed/17011946
https://doi.org/10.1371/journal.pone.0017155
http://www.ncbi.nlm.nih.gov/pubmed/21386886
https://doi.org/10.1186/1471-2393-12-4
http://www.ncbi.nlm.nih.gov/pubmed/22251749
http://www.who.int/reproductivehealth/publications/monitoring/maternal-mortality-2013/en/
http://www.who.int/reproductivehealth/publications/monitoring/maternal-mortality-2013/en/
http://www.who.int/reproductivehealth/publications/monitoring/maternal-mortality-2013/en/
https://doi.org/10.1016/j.ijgo.2012.10.030
http://www.ncbi.nlm.nih.gov/pubmed/23313144
https://doi.org/10.1016/j.ijgo.2011.01.002
http://www.ncbi.nlm.nih.gov/pubmed/21349517
http://www.ghspjournal.org

MANDATE Model

www.ghspjournal.org

. Kamath-Rayne BD, MacGuire ER, McClure EM, Goldenberg RL, Jobe

AH. Clinical algorithms for the identification of sick newborns in
community-based seftings. Acta Paediatr. 2012;101(4):344-351.
CrossRef. Medline

. Blencowe H, Cousens S, Kamb M, Berman S, Lawn JE. Lives Saved

Tool supplement defection and treatment of syphilis in pregnancy to
reduce syphilis related stillbirths and neonatal mortality. BMC Public
Health. 2011;11(suppl 3):S9. CrossRef. Medline

. Lawn JE, Lee ACC, Kinney M, et al. Two million intrapartum-related

stillbirths and neonatal deaths: Where, why, and what can be done?
Int J Gynaecol Obstet. 2009;107(suppl):55-519, S19. CrossRef.
Medline

. Kassebaum NJ, Bertozzi-Villa A, Coggeshall MS, et al. Global, re-

gional, and national levels and causes of maternal mortality during
1990-2013: a systematic analysis for the Global Burden of Disease
Study 2013. Lancet. 2014;384(9947):980-1004. CrossRef.
Medline

. Lawn JE, Blencowe H, Pattinson R, et al; Lancets Stillbirths Series

steering committee. Stillbirths: Where2 When2 Why?2 How to make
the data count? Lancet. 2011;377(9775):1448-1463. CrossRef.
Medline

16.

20.

21.

Lawn JE, Kerber K, Enweronu-Laryea C, Cousens S. 3.6 million neo-
natal deaths—what is progressing and what is not? Semin Perinatol.

2010;34(6):371-386. CrossRef. Medline

. Bose CL, Bauserman M, Goldenberg RL, et al. The Global Network

Maternal Newborn Health Registry: a multi-national, community-
based registry of pregnancy outcomes. Reprod Health. 2015;12
(suppl 2):S1. CrossRef. Medline

. Paxton A, Bailey P, Lobis S, Fry D. Global patterns in availability of

emergency obstetric care. IntJ Gynaecol Obstet. 2006;93(3):300~
307. CrossRef. Medline

. Friberg IK, Bhutta ZA, Darmstadt GL, et al. Comparing modelled

predictions of neonatal mortality impacts using LiST with observed
results of community-based intervention trials in South Asia. Int J

Epidemiol. 2010;39(suppl 1):i11-i20. CrossRef. Medline

Walker N, Tam Y, Friberg IK. Overview of the lives saved tool (LiST).
BMC Public Health. 2013;13(suppl 3):S1. CrossRef. Medline

Goldenberg R, Griffin J, Kamath-Rayne B, et al. Clinical interventions
to reduce stillbirths in sub-Saharan Africa: a mathematical model to
estimate the potential reduction of stillbirths associated with specific
obstetric conditions. BJOG. 2016 Oct 5. [Epub ahead of print]
CrossRef. Medline

Peer Reviewed

Received: May 31, 2016; Accepted: October 31, 2017

Cite this article as: Jones-Hepler B, Moran K, Griffin J, McClure EM, Rouse D, Barbosa C, et al. Maternal and Neonatal Directed Assessment of
Technologies (MANDATE): methods and assumptions for a predictive model for maternal, fetal, and neonatal mortality interventions. Glob Health Sci

Pract. 2017;5(4):571-580. https://doi.org/10.9745/GHSP-D-16-00174

© Jones-Hepler et al. This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License (CC BY
4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are properly cited. To view
a copy of the license, visit http://creativecommons.org/licenses/by/4.0/. When linking to this article, please use the following permanent link:

https://doi.org/10.9745/GHSP-D-16-00174

Global Health: Science and Practice 2017 | Volume 5 | Number 4

580


https://doi.org/10.1111/j.1651-2227.2011.02540.x
http://www.ncbi.nlm.nih.gov/pubmed/22122011
https://doi.org/10.1186/1471-2458-11-S3-S9
http://www.ncbi.nlm.nih.gov/pubmed/21501460
https://doi.org/10.1016/j.ijgo.2009.07.016
http://www.ncbi.nlm.nih.gov/pubmed/19815202
https://doi.org/10.1016/S0140-6736(14)60696-6
http://www.ncbi.nlm.nih.gov/pubmed/24797575
https://doi.org/10.1016/S0140-6736(10)62187-3
http://www.ncbi.nlm.nih.gov/pubmed/21496911
https://doi.org/10.1053/j.semperi.2010.09.011
http://www.ncbi.nlm.nih.gov/pubmed/21094412
https://doi.org/10.1186/1742-4755-12-S2-S1
http://www.ncbi.nlm.nih.gov/pubmed/26063166
https://doi.org/10.1016/j.ijgo.2006.01.030
http://www.ncbi.nlm.nih.gov/pubmed/16682039
https://doi.org/10.1093/ije/dyq017
http://www.ncbi.nlm.nih.gov/pubmed/20348113
https://doi.org/10.1186/1471-2458-13-S3-S1
http://www.ncbi.nlm.nih.gov/pubmed/24564438
https://doi.org/10.1186/1471-2458-13-S3-S1
http://www.ncbi.nlm.nih.gov/pubmed/27704677
https://doi.org/10.9745/GHSP-D-16-00174
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.9745/GHSP-D-16-00174
http://www.ghspjournal.org

	uF1
	uF2

