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Abstract 

Understanding the holistic impact of malaria during pregnancy is essential for improv-

ing maternal and child outcomes in malaria endemic settings. To be able to design 

appropriate research and conduct robust policy analyses, a comprehensive model of 

the underlying disease, representing the current understanding of mechanisms and 

consequences, is needed. This study aimed to illustrate a methodology to co-develop 

a disease policy model with expert stakeholders using malaria during pregnancy as a 

case study. An initial steering group was convened to develop a first model of malaria 

during pregnancy and its consequences for mother and child based on their under-

standing of the literature. Subsequently, this model was refined using a Delphi pro-

cess to gain consensus amongst twelve experts working in the field of malaria during 

pregnancy, representing the disciplines of health economics, mathematical modelling, 

epidemiology and clinical medicine. The experts reviewed drafts of the conceptual 

model and provided feedback in two rounds of semi-structured questionnaires with 

the aim of identifying the most important health outcomes and relationships in both 

mother and child as well as the most relevant stratifiers for the model. Final consen-

sus on any areas of disagreement was reached after two online meetings. The final 

model is a comprehensive disease policy model of malaria during pregnancy, includ-

ing ten maternal and ten child health outcomes with four stratifiers. The model devel-

oped in this study should be of value to malaria researchers, funders, evaluators and 

decision makers, though some adaptation will be required for each specific context 

and purpose. In addition, the methodology and process followed in this study is 

replicable and can guide researchers aiming to develop a conceptual model for other 

conditions. The model resulting from this study highlights the complexity required 

to depict fully the consequences of malaria during pregnancy for both the mother 

and the child. It also demonstrates how to conduct a rigorous process to develop a 
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disease policy model. In addition, the study has helped to identify a number of areas 

with scarce data and need for further research.

Introduction

Most diseases work via complex biological processes that create observable inter-
related health outcomes. Understanding these relationships is essential for many 
types of research and the embedded policy analyses that are informed by that 
research. For example, trials of comparative effectiveness and associated cost- 
effectiveness analysis would benefit from an understanding of all the relevant out-
comes, and the interconnections among them, both to design the most appropriate 
research study and to analyse the results of that study to understand which treat-
ment options are most appropriate in a given context.

Global and national bodies often require a cost-effectiveness analysis before 
adopting a new intervention. Such analysis allows a comparison between alternative 
uses of scare resources.

Because health interventions can have multiple health effects (for example, both 
morbidity and mortality), composite metrics such as Quality Adjusted Life Years 
(QALYs) or Disability Adjusted Life Years (DALYs) are frequently used. Complexity is 
increased when a disease affects more than one population group.

Malaria during pregnancy has been shown to be associated with a wide range 
of outcomes affecting both, the mother and the child. Outcomes in the pregnant 
woman include clinical malaria, anaemia and increased maternal mortality. In the 
child, malaria during pregnancy can lead to, amongst other outcomes, stillbirth, low 
birth weight and increased <5 mortality [1]. In this paper, we use malaria in preg-
nancy as a case study to illustrate how a structured approach to co-developing a 
disease policy model with relevant stakeholders can result in a more robust model, 
which will carry greater influence with the scientific and policy community because of 
the multi-disciplinary input into its development.

In 2012 a taskforce recommended the development of such conceptual models, 
which we term disease policy models, as the foundation for developing an economic 
model [2]. A disease policy model entails a systematic approach to developing a 
visual framework for analysis that shows how specific health outcomes and path-
ways relate and interact with each other [2]. It is different from disease transmission 
models, which use mathematical equations to predict or explain the processes 
underlying disease transmission. It is also distinct from most cost-effectiveness mod-
els which do not necessarily follow a systematic procedure to design the model used 
to estimate both costs and benefits associated with two or more interventions. How-
ever, the robustness and generalisability of cost-effectiveness models is enhanced 
by being based on a disease policy model. Documented approaches to the develop-
ment of conceptual frameworks include literature reviews, consultation with stake-
holders (qualitative and quantitative), methods of incorporating stakeholder views 
and piloting to refine the framework [3,4].
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Economic evaluations of interventions can be complex and require contributions from a broad range of disciplines. 
Models based on a particular viewpoint can lead to poor validity and credibility. A review of outcomes included in published 
economic models of malaria in pregnancy interventions found that studies used a wide range of different outcomes in 
estimating the DALYs averted [5–13]. Only four out of nine CEAs incorporated clinical malaria, maternal anaemia and low 
birth weight [6,7,10,12], which are commonly measured in clinical trials, in the DALY estimation. One CEA did not include 
any child health outcome [9] and another no maternal health outcome [5].

One approach for integrating data from a range of perspectives is the Delphi consultation method. This is a well- 
established and tested approach used in research to elicit information from experts and has been used extensively in the 
social sciences [14–17].

It is particularly suitable when it is necessary to incorporate a range of stakeholder views, which in turn can lead to 
improved quality and acceptability of an economic evaluation model and its findings[2,18–20]. Such a process of generat-
ing consensus amongst experts avoids the pitfall of only including the outcomes and relationships measured in trials.

The aim of this study was to co-develop a disease policy model of P. falciparum malaria during pregnancy for pregnant 
women and their babies using a Delphi consensus study with experts in the field of malaria during pregnancy. The expert 
panel’s task was to identify the most important health outcomes and relationships in both mother and child and the most 
relevant stratifiers for the model. In doing so, the study demonstrates that co-production of holistic disease models with 
expert stakeholders, representing the current understanding of a disease and potential treatment pathways, is feasible 
and represents a more robust approach than ad hoc model construction by individual academic teams.

Methods

This study used the Delphi methodology to co-develop a disease policy model of malaria during pregnancy with expert 
stakeholders. The expert panel in the Delphi methodology consists of people with relevant insight into the subject and 
can include technical experts, health providers, policy makers, patients or other suitable panellists. It is a particularly 
useful technique to gather input from various stakeholders in a time-efficient manner through a series of questionnaires. 
Responses from each round are collated, analysed and incorporated into the subsequent rounds of questions until 
consensus between the panellists has been reached, usually after two to three rounds, which is often followed by a final 
consensus meeting with stakeholders to resolve any final disagreements [16,17,21]. The experts remain blinded to each 
other’s identity in the process up until the final meeting (if applicable), which promotes equal contribution independent of 
status and other factors and removes less favourable forces of group dynamics [16,17].

The different stages and methods in this study are illustrated in Fig 1 and summarized below. Full details of the 
approach are described in the supplementary materials. Experts in this study were first approached on 31 August 2022 
and twelve experts consented by 5th of October 2022. The final consensus meeting took place on 8th September 2023.

Stage one: Preparation

During an initial preparation stage, a steering group with collective experience in health economics, disease policy mod-
elling and epidemiology of malaria in pregnancy was convened. Its task was to short-list experts to be approached to be 
part of a Delphi panel as well as to advise on the preparation of a first draft of the disease policy model and questionnaire 
based on their understanding of the literature, ongoing research and natural history of malaria in pregnancy. Potential can-
didates for the Delphi panel were purposively sampled for their varied expertise, knowledge of the literature and current 
research in malaria during pregnancy and approached by email. The authors paid particular attention to having a well- 
balanced panel with experts representing both maternal and child health, early and later exposure to malaria during  
pregnancy and various endemicity contexts. The study team aimed to include eight to ten experts in the Delphi panel, 
a group size shown to be effective and reliable for the Delphi method [16,17]. Experts received no incentive or financial 
reimbursement for their time participating in this study.
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Stage two: Delphi consultation

Twelve experts agreed to take part in the Delphi study and provided written informed consent (online). During the Delphi 
consultation stage, they were asked to refine the draft model using an a priori undetermined number of rounds of consul-
tations until consensus in most questions was reached. The threshold for consensus for individual questions was set at 
70% of panellists agreeing, consistent with previous Delphi studies [19,22]. In each round, the study team provided the 
panel members with a current draft of the model and asked them to perform the following tasks:

1)	assess importance of the outcomes in the model,

2)	suggest additional outcomes that were missing,

3)	evaluate the accuracy of relationships between outcomes,

4)	suggest additional relationships between outcomes that were missing,

Fig 1.  Methodology used in the study. Fig 1 illustrates the methodology used in this Delphi consultation study, which can be divided into three stages: 
preparation, Delphi consultation and consensus meeting.

https://doi.org/10.1371/journal.pgph.0003775.g001

https://doi.org/10.1371/journal.pgph.0003775.g001
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5)	order stratifiers for subgroup analysis by importance (a stratifier is defined as a variable which can partition the popula-
tion in the model into subpopulations, e.g., by gravidity or HIV status of the mother),

6)	suggest any additional stratifiers that were missing, and

7)	provide their opinion on additional aspects of the presentation of the model, e.g., the visual presentation of low birth 
weight with its sub-categories (prematurity, intrauterine growth restriction and small for gestational age).

Nominal and ordinal categorical response options as well as free-text questions were used in both questionnaires 
with round two containing more of the latter (See S2 Text and S3 Text for questionnaires used in round 1 and 2). The 
responses to each round were analysed by one researcher (SF) and incorporated into the next model draft and question-
naire. Categorical questions were analysed using simple descriptive statistics. Free text responses were explored using a 
simple thematic analysis, coding them manually into themes [23]. After each round panellists received a summary report 
of the analysis (See S4 Text and S5 Text), ensuring anonymity was maintained.

Stage three: Consensus meeting

In the final stage of the study, two online consensus meetings for experts in different time zones were held to present the 
findings of the second Delphi round and to discuss and vote on any remaining aspects of the model where consensus had 
not been reached during stage two. The disease policy model was finalized by the first author (SF) following the consen-
sus meetings.

Ethics

Ethics approval for this study was received on 12 July 2022 by the Research Ethics Committee of the London School of 
Hygiene and Tropical Medicine (Reference number 27361). Informed written consent was received from all Delphi panel 
members.

Results

Key results of the different stages of this study are summarized here (see supplementary materials for additional detail).

Stage one: Preparation

The first draft of the disease policy model developed by the steering group consisted of outcomes for the mother, the child 
and the relationships between included outcomes (Figs 2 and 3). Gravidity, timing of exposure to P.falciparum (i.e., first, 
second or third trimester) and HIV status were selected as the most relevant stratifiers for subpopulation analysis. The 
steering group identified 17 experts to be approached to participate in the study, of whom twelve agreed (71%). Amongst 
eleven experts the average years of experience working in malaria in pregnancy was 17.9 years (range 8–34) and the 
twelfth expert had over 15 years of experience in the economics of malaria.

Stage two: Delphi consultation

Two rounds of consultation were required before sufficient consensus was reached. Changes to the model made after 
each consultation round and the consultation meetings are illustrated in table 1 with only the most significant changes 
highlighted here in the text.

After the first consultation round all outcomes included in Figs 2 and 3 remained in the model. On recommenda-
tion of panel members “severe disease” and “serious complications” were combined into the single outcome “severe 
malaria” as experts pointed out the overlap between the two and hence the difficulty in differentiating between these 
two outcomes. All experts agreed that “low birth weight” should be separated into “intrauterine growth restriction” and 
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“preterm birth”, with five experts suggesting the addition of “small for gestational age”. Additional outcomes (all mater-
nal) to be incorporated into the next draft of the model were “asymptomatic parasitaemia”, “placental malaria” and 
“hypertension disorders of pregnancy”. Responses on rating stratifiers (gravidity, HIV status, timing of exposure) were 
inconclusive and needed further exploration. Seven experts suggested that “transmission intensity” be added as an 
additional stratifier.

In round two experts reached consensus regarding the inclusion of asymptomatic parasitaemia (100%, 12/12 agreed) 
and placental malaria (75%, 9/12 agreed) and their associated relationships. Whether to include or exclude “hypertension 
disorder of pregnancy” was unclear and had to be scrutinized further during the consensus meetings. While all relation-
ships associated with “hypertension disorder of pregnancy” were judged to be correct, it appeared there was a difference 
in opinion regarding its importance and relevance amongst experts.

Experts were asked to vote for the two most important stratifiers for subpopulation analysis leading to the following 
ranking from most to least important with the number of votes in brackets (one expert only voted once): gravidity (10), 
transmission intensity (8), timing of exposure of P.falciparum (3) and HIV status (2). Summary reports of both Delphi 
consultation round analyses can be found in S4 Text (round 1) and S5 Text (round 2) and intermediate model drafts after 
rounds 1 and 2 are depicted in S1 Text (Figs A and B).

Stage three: Consensus meeting

All twelve experts completed both rounds of questionnaires and nine (75%) attended one of the consensus meetings, held 
on 31st August and 8th of September 2023. The most relevant topic discussed was “hypertension disorders of pregnancy” 
and its potential sequelae. All attending experts agreed to keep “hypertension disorder of pregnancy” in the model without 
splitting it further into “hypertension”, “pre-eclampsia” and “eclampsia”. However, they voted to add “long-term effects of 
hypertension disorders of pregnancy” as a further outcome to include long-term sequelae such as stroke or mental health 
disorders. Other, less contentious issues such as the relationship between “clinical malaria” and “anaemia” or relation-
ships and labelling of child morbidities were also agreed during the consensus meeting.

Experts expressed the importance of adapting economic models to context and allowing flexibility for them to evolve 
over time as more granular data become available. They also felt that in addition to developing a disease policy model of 
malaria during pregnancy to be used in future cost-effectiveness analyses, the work had helped to identify a number of 
areas where data are limited which will be important to share with the research community (A summary of the consensus 
meetings can be found in S6 Text). The final model is shown in Fig 4, in which both child and maternal figures are com-
bined, a suggestion made during the consensus meeting.

Discussion

Summary

This article presents a consensus-building study using the Delphi methodology with the goal of co-developing with expert 
stakeholders a disease policy model of malaria during pregnancy that can be used to inform trial design and analyses to 
inform malaria policy development. The result is a comprehensive disease policy model that includes ten maternal and ten 
child health outcomes, as well as four stratifiers. To our knowledge, it is the first formal attempt to co-develop a disease 
model of this kind either in the field of malaria or in a disease area predominantly prevalent in low- and middle-income 
countries.

The study has highlighted the complexity of the model required to depict the full set of consequences of malaria during 
pregnancy for mothers and their offspring. Key contributors to the success of the study were the selection of the expert 
panel, thorough preparation of each stage, and careful analysis and weighing up of all responses. It was essential to be 
accurate with language, which sometimes had to evolve over various stages, while remaining accessible to a wide range 
of readers.
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The process not only helped to develop the model to include relevant outcomes and relationships but also improved the 
visual presentation and accessibility of the model, for example by adding symbols for the different timings of outcomes or 
appearance of arrows.

Strength and limitations

This study has a number of strengths and limitations. The literature search conducted by the first author during the prepa-
ration stage was not a systematic review. Therefore, some potential outcomes and relationships may have been missed 
out of the first draft of the model, however this was mitigated by the experts’ responses during the consultation rounds and 
consensus meetings. Experts for the Delphi panel were purposively selected to balance the experience, origin and focus 
area of work of panel members, however, the study may suffer from bias by omitting other experts with differing views.

The acceptance rate of experts was high (71%) with a 100% retention during the two consultation rounds; and 75% 
of panellists attended one of the two consensus meetings at the end of the process. The use of the Delphi methodology 
preserved the anonymity of experts and allowed panellists to respond freely without being influenced by other opinions or 
dominant personalities. The final stage of the study using online consultation meetings was more susceptible to the effects 
of group dynamics, however, this did not appear to be a problem with all experts engaging equally and respectfully with 
each other in both meetings.

Fig 2.  Disease policy model maternal outcomes: Draft 1 – steering group. Fig 2 show the maternal (Fig 2) included in the first draft of the disease 
policy model developed by the four members of the steering group, which was used as the starting point for the first round of the Delphi consultation. 
Outcomes were divided into maternal (Fig 2) and child (Fig 3) outcomes. Outcomes affecting morbidity are shown at the top, while mortality outcomes at 
the bottom. The colour coding of the outcomes represents the different timings of the health effects. 

https://doi.org/10.1371/journal.pgph.0003775.g002

https://doi.org/10.1371/journal.pgph.0003775.g002
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This study focused on P. falciparum malaria. To apply the model to other plasmodium species such as P. vivax, malar-
iae or ovale it would be necessary to review the model and consider inclusion of additional outcomes, relationships and 
stratifiers, informed by a literature search and expert consultation.

It may be a challenge to populate this comprehensive model for a cost-effectiveness study because of the range of 
outcomes and complexity of relationships. Nevertheless, this study has brought together experts from different fields and 
contexts to develop a model all could agree to.

Areas for future research

During the study, a number of areas requiring further research or development emerged. The most commonly used out-
come in cost-effectiveness analysis of global health interventions is the DALY. It is a composite outcome combining mor-
tality and morbidity, and in the case of malaria during pregnancy can combine both maternal and child outcomes into one 
measure. However, not all outcomes lend themselves equally well to calculating reliable DALY estimates and all of them 

Fig 3.  Disease policy model child outcomes: Draft 1 – steering group. Fig 3 show child outcomes (Fig 3) included in the first draft of the disease 
policy model developed by the four members of the steering group, which was used as the starting point for the first round of the Delphi consultation. 
Outcomes were divided into maternal (Fig 2) and child (Fig 3) outcomes. Outcomes affecting morbidity are shown at the top, while mortality outcomes at 
the bottom. The colour coding of the outcomes represents the different timings of the health effects. Abbreviations: IUGR = Intrauterine growth restriction.

https://doi.org/10.1371/journal.pgph.0003775.g003

https://doi.org/10.1371/journal.pgph.0003775.g003
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Table 1.  Changes to the model made after each consultation round and consultation meetings.

Changes made after Delphi con-
sultation round 1

Changes made after Delphi con-
sultation round 2

Changes made after Delphi consul-
tation meetings (final model)

Mother Outcomes “MOTHER Exposure to P.falci-
parum while pregnant” changed 
to “MOTHER presence of P.falci-
parum while pregnant”

Addition of “asymptomatic 
parasitaemia”

“With and without Placental 
malaria” added to “clinical malaria” 
and “asymptomatic parasitaemia”

“Long-term neurological sequelae” 
changed to “long-term sequelae” to 
include other long-term disabilities 
resulting from manifestations of 
severe malaria

“Long-term sequelae” changed to 
long-term neurological and other 
sequelae”

green colour (for long-term conse-
quence to the mother) added to “long-
term neurological and other sequelae”

“Death in utero after maternal 
death” added to “miscarriage/
stillbirth”

“miscarriage/stillbirth/death in  
utero after maternal death” 
changed to “miscarriage/stillbirth/
death in utero”

“Hypertensions disorders of preg-
nancy” added

Outcome “hypertension disorders 
of pregnancy” relabelled to “hyper-
tension disorders of pregnancy 
and post-partum”, footnote added: 
“includes pre-eclampsia, eclampsia 
and gestational hypertension”

Additional outcome “Long-term effects 
of hypertension disorders of preg-
nancy” added as a consequence of 
“Hypertension disorders or pregnancy 
and post-partum”

“Severe disease” and “serious 
complications” combined into 
“severe malaria” and WHO defini-
tion added

Relationships Relationships to and from “hyper-
tension disorders of pregnancy” 
added

Relationship from “Hypertension dis-
orders of pregnancy and post-partum” 
to “Long-term effects of hypertension 
disorders of pregnancy” added

Relationship from maternal death 
to “death in utero after maternal 
death” added

Relationship to and from “asymp-
tomatic parasitaemia” added

Relationship from maternal anae-
mia to “severe malaria” added

Relationship between maternal 
anaemia and clinical malaria made 
bi-directional

Bidirectional relationship between 
“clinical malaria” and maternal 
anaemia” reversed to unidirectional 
(malaria to anaemia) and an arrow 
from “maternal anaemia” to “clinical 
malaria” indicating “contributes to 
progression”

Arrow from “maternal anaemia” to 
“clinical malaria” indicating “contributes 
to progression” removed

(Continued)
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Changes made after Delphi con-
sultation round 1

Changes made after Delphi con-
sultation round 2

Changes made after Delphi consul-
tation meetings (final model)

Child Outcomes “Small for gestational age” added 
and visualization of “low birth 
weight” changed

“Short-, mid- and long-term 
morbidities” changed to “neonatal, 
infant, <5 and older child/adult 
morbidities”

“Neonatal, infant, <5 and older 
child/adult morbidities” changed 
to “Other morbidities in neonates, 
infants, <5, older children and 
adults”

Shape of “Other morbidities in neo-
nates, infants, <5, older children and 
adults” changed from large arrow to an 
oval shape as other outcomes

“CHILD with in utero exposure to 
P.falciparum” changed to “CHILD 
Presence of P.falciparum in utero”

“CHILD Presence of P.falciparum 
in utero” relabelled to “CHILD Pres-
ence of/ exposure to P.falciparum 
in utero”

“Neonatal, infant and <5 mortality” 
combined into 1 large outcome box 
and relabelled as “Neonatal, infant, 
<5 mortality & mortality in older 
children & adults”

green colour added to box “Neonatal, 
infant, <5 mortality & mortality in older 
children & adults”

“Modified incidence of malaria in 
<5” changed to “Increased inci-
dence of malaria in <5”

“Neurocognitive development impair-
ment in <5” relabelled to “Neurocogni-
tive &physical development impair-
ment in <5”

Relationship Arrow from “neonatal, infant, <5 
and older child/adult morbidities” to 
“neonatal, infant and <5 mortality” 
added

Starting position of arrow from 
“neonatal, infant, <5 and older 
child/adult morbidities” to “neo-
natal, infant and <5 mortality” 
changed from back of the box to 
the middle

Arrows from
1) “CHILD Presence of/exposure to P. 
falciparum in utero”, 2)”Foetal anae-
mia”, 3) “Congenital malaria”to “Other 
morbidities in neonates, infants, < 5, 
older children and adults”added

Other Design Symbols in addition of colour code 
for the timing of health effects 
added

Red on timeline changed from 
“neonate/ 28 days postpartum” 
to “neonate/mother 28/42 days 
postpartum” to reflect the postpar-
tum period of 42 days during which 
maternal deaths are counted

description box moved below 
model

Design of certain arrows and lines 
changed to help with distinguishing 
them

Design of arrows and lines changed 
again as previous change was con-
fusing to expert

Stratifiers “Transmission intensity” added 
as a stratifier to the next round in 
addition to “HIV status”,”Gravidity” 
and “Timing of exposure”

Out of the four stratifiers (“Trans-
mission intensity”, “HIV status”,”-
Gravidity” and “Timing of expo-
sure”), experts voted “Transmission 
intensity” and “Gravidity” as most 
important.

Description box listing potential other 
stratifiers added below the model

https://doi.org/10.1371/journal.pgph.0003775.t001

Table 1.  (Continued)

https://doi.org/10.1371/journal.pgph.0003775.t001
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rely heavily on assumptions made in the Global Burden of Disease studies [24]. For example, estimating DALYs arising 
from “Long-term neurological and other sequelae” could potentially be difficult as long-term follow up data are lacking 
from malaria trials, requiring assumptions. Likewise, not all manifestations of severe malaria are equally associated with 
mortality or long-term morbidities, ultimately affecting the DALY calculation. Placental malaria and asymptomatic parasi-
taemia were included in the model after the first consultation round, because for the experts, in particular epidemiologists, 
it is important to have these intermediate and often reported outcomes represented in the model for completeness and to 
depict important pathways.

Experts expressed very differing views regarding the inclusion of hypertension disorders of pregnancy, mostly shaped 
by different levels of awareness. The votes as well as the comments provided in the Delphi consultation indicated that 
experts working in lower endemicity settings were more aware of the link between malaria during pregnancy and hyper-
tension disorder during pregnancy. The consensus meetings provided a useful platform to discuss these differences and 
the supporting evidence. Evidence from both Asia [25] and Africa points to an association, with a meta-analysis including 
four case-control studies from Africa suggesting that women experiencing malaria during pregnancy had 2.7 times higher 
odds of developing gestational hypertension disorder compared with those who did not [26]. Ideally, the model should also 

Fig 4.  Final model (after Delphi consultation meetings). Fig 4 shows the final agreed disease policy model of malaria during pregnancy following two 
consensus meetings attended by nine experts. The model combines both maternal and child outcomes. Outcomes were divided into maternal and child 
outcomes. Outcomes affecting morbidity are shown at the top, while mortality outcomes at the bottom. The colour and shape coding of the outcomes 
represents the different timings of the health effects. Abbreviations: w/ = with; w/o = without; WHO = World Health Organization.

https://doi.org/10.1371/journal.pgph.0003775.g004
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differentiate hypertension disorder of pregnancy further into pre-eclampsia and eclampsia, but experts agreed that this 
level of detail will be difficult to find in the currently available data and should be sought in the future. Experts commented 
that more effort should be made to collect data on hypertension disorder in pregnancy as blood pressure measurement is 
often omitted from clinical trial databases, despite being routinely checked. As above for “long-term neurological and other 
sequalae” the estimation of DALYs arising from hypertension disorder of pregnancy will at this point in time require some 
assumptions on incidence and disability weights, as hopefully more empirical evidence emerges in the future.

Some of the morbidities and outcomes can have lifelong consequences and be progressive. For example, “neurocog-
nitive and physical development impairment in <5” will impact the child for their entire life and influence their educational 
achievement and productivity. Likewise, for women with severe malaria who develop severe anaemia and require a blood 
transfusion, there is a risk of blood supply contamination, which then increases the risk of a wide range of other morbid-
ities associated with other infectious diseases. While it will not be possible to quantify these future consequences for a 
cost-effectiveness analysis with currently available data, it is certainly important to create awareness of the potential long-
term health problems.

This study identified four important stratifiers: gravidity, transmission intensity, timing of exposure and HIV status. 
However, other variables may be important in certain analyses. Examples could be the sickle cell trait or the gender of the 
baby. At this point in time insufficient data are available to differentiate the consequences of the timing of exposure (e.g., 
first versus second, third trimester). HIV status also requires further disaggregation of the data such as the CD4 count 
or whether the woman is receiving antiretrovirals. Currently, cost-effectiveness models of chemoprevention for malaria 
during pregnancy will naturally stratify by HIV status as HIV positive and negative women receive different prevention 
interventions.

Currently, the model does not include potential treatment or prevention interventions to ensure it is widely applicable for 
different purposes. Depending on the type of intervention study and context, further outcomes might need to be incor-
porated into the model. Examples are side-effects of any drugs, or effects on other diseases, such as HIV transmission 
from mother to child in HIV positive women. Studies using QALYs might also need to include patient’s health perception, 
perceived quality of life and future outlook into the model.

Finally, an important outcome of this study is to identify areas where data are scarce and share these with the research 
community, to raise awareness of the need for comparable outcome measures reported by trials.

A number of these points highlight the urgent need for more granular data, and experts felt that despite the complexity 
of the model it was useful for creating awareness of the wide range of outcomes that can be averted by preventing preg-
nant women from being exposed to P. falciparum. More detailed data in the future should allow a move away from one 
size fits all models to models that are more adaptable and fluid.

Conclusions

This study has demonstrated a more inclusive approach to developing disease policy models capable of assisting in 
the design of clinical trials (and other policy evaluations) and their associated health economic analysis. In so doing, we 
believe that this integrated approach should become the gold-standard for disease modelling designed to inform health 
policy in different countries and contexts. Co-development ensures wider perspectives are incorporated into the model 
than is usually possible for a single academic team, which should ensure the resulting model is more robust and fit for 
purpose. A robust modelling co-design approach will also help identify data gaps, ensuring these are not overlooked as 
the modelling proceeds to the implementation phase.
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