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1 —Model structure and modelled obstetric and epidemiological processes

In this section we provide structural overview of the maternal and perinatal health model
(MPHM), followed by description of the obstetric and epidemiological processes which are
simulated. The following sections describe modelled healthcare (§2), health conditions (§3)

and verification and validation methods (§4) in detail.

1.1 Model structural overview

Figure 5 in the accompanying manuscript is a high-level diagrammatic representation of the
MPHM. The MPHM simulates the three key periods of pregnancy; the antenatal period,
from conception until the onset of labour, the intrapartum period from labour onset until
birth and postnatal period which last from birth until six weeks postpartum. In addition, the

neonatal period is simulated which includes the first twenty-eight days of life.

For women in the antenatal period, the model simulates processes related to pregnancy by
replicating progression of gestational age, early pregnancy loss, the epidemiology of
common maternal pathophysiological conditions associated with pregnancy (referred to as
‘complications’ of pregnancy throughout this document) including preterm labour onset,
the progression of these complications, and the incidence of antenatal stillbirth and
antenatal maternal death. In addition, healthcare interventions routinely delivered to
women as part of ANC or emergency obstetric care during pregnancy are modelled to
replicate current service delivery within Malawi with regards to coverage, access, and

quality of services.

For pregnancies which progress to the intrapartum period, the model simulates the
obstetric processes of labour and birth alongside signalling to the demography module that
a new individual should be appended onto the data frame following successful delivery,
representing live birth. In addition, the model generates, stores and updates variables
relating to obstetric history, additional information relating to the status of a woman’s
labour and common complications associated with the intrapartum period. Healthcare
interventions routinely delivered to women as part of routine and emergency intrapartum

care are designed to replicate current service delivery in Malawi alongside delivery location.



Following labour and delivery, for the remaining six weeks of the postnatal period, the
model generates and updates variables relating to time spent within the postnatal period
alongside application of risk of common complications which may onset during this time.
Routine and emergency postnatal healthcare is modelled and may occur immediately

following birth or later in the postnatal period.

For neonates the model generates and stores information relating to health outcomes
which may occur across the first 28 days of life and includes healthcare interventions
delivered to newborns as part of routine intrapartum care and postnatal care to replicate

current service delivery within Malawi.

1.1.1 Key approaches in model development

1.1.1.1 Identifying health conditions to model

During the development of the model, a core set of maternal and perinatal health
conditions were identified to explicitly represent within the framework to simulate the
epidemiology of ill-health within this population in Malawi. These conditions drive
population level rates of maternal and perinatal morbidity, mortality, and Disability-
Adjusted Life Years (DALYs). The 2019 Global Burden of Disease (GBD) study was used for
preliminary identification of relevant conditions to include in the model (1). In addition, as
part of the iterative process of model validation, utilisation of our clinical expertise, led to
the identification of several other relevant conditions to include within the model which are

key drivers or predictors of outcomes.

The GBD study categorises causes of death and disability within four levels from the
broadest categorisation, level one, to most specific, level four (1). Maternal and neonatal
conditions are categorised under the level one cause “Communicable, maternal, neonatal
and nutritional disease”, the level two cause “Maternal and neonatal disorders” and level
three causes of “Maternal Disorders” and “Neonatal Disorders”. Level four maternal
disorders include: maternal haemorrhage, maternal sepsis and other maternal infections,
maternal hypertensive disorders, maternal obstructed labour and uterine rupture, maternal

abortion and miscarriage, ectopic pregnancy, indirect maternal deaths, late maternal



deaths, maternal deaths aggravated by HIV/AIDS and other maternal disorders. Level four

neonatal disorders include complications of preterm birth, neonatal encephalopathy

secondary to ‘birth asphyxia’ or trauma, neonatal sepsis and other infections, haemolytic

disease and other neonatal jaundice, and ‘other’ neonatal disorders.
J

The following conditions listed in the GBD were not included in the model due to very low

number of cases reported in the study for Malawi suggesting a very small contribution to

the overall disease burden. These include late maternal deaths (e.g., maternal deaths

occurring between six weeks and one year after birth), other maternal disorders, haemolytic

disease and other neonatal jaundice, and ‘other’ neonatal disorders (1).

Table S1 lists all conditions included in the model.

Modelled maternal conditions:

Modelled perinatal conditions:

Ectopic pregnancy

Spontaneous and induced abortion
Maternal anaemia

Gestational diabetes

Maternal syphilis

Premature rupture of membranes
Preterm and post term labour
Maternal sepsis

Placenta praevia

Placental abruption

Antepartum and intrapartum haemorrhage
Hypertensive disorders of pregnancy
(gestational hypertension, pre-
eclampsia/eclampsia)

Obstructed labour

Uterine rupture

Postpartum haemorrhage (primary and

secondary)

Stillbirth (antenatal and intrapartum)
Early- and late-onset neonatal sepsis
Neonatal respiratory depression and
neonatal encephalopathy
Complications of prematurity
(preterm respiratory distress
syndrome, retinopathy of prematurity)
Congenital birth anomalies (heart
anomalies, limb and musculoskeletal
anomalies, urogenital anomalies,
digestive anomalies, and “other”

anomalies)
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e Obstetric fistula (rectovaginal and
vesicovaginal)
e Indirect maternal deaths’

e Maternal death aggravated by HIV/AIDS*

TIndirect maternal deaths in the model are those occurring in women who are pregnant or within 42 days
of birth due to chronic ischemic heart disease, chronic kidney disease, malaria, non-gestational diabetes,
suicide, tuberculosis, and stroke. The rates of deaths within the pregnant/postnatal population due to these
conditions are generated by other models within the TLO framework not described here. As a simplifying
assumption, all deaths due to these causes which occur during pregnancy, or the postnatal period are
classified as indirect maternal deaths.

+ Deaths due to HIV/AIDS occurring during pregnancy/the postnatal period are generated by the TLO HIV
model. In line with WHO methodology for MMR estimation we assume that 0.3 of these deaths are due to
aggravation of HIV/AIDS by the processes of pregnancy/the postnatal period.

Table S1 — Maternal and perinatal conditions included in the model

1.1.1.2 Identifying and modelling interactions between variables

A primary advantage of an IBM framework is the ability to model the interaction between
variables within and among individuals in the model. In an epidemiological model the
modeller can simulate the assumed relationship between an individual’s characteristics and
behaviours, such as the propensity to seek healthcare, or health outcomes, including the
probability of disease acquisition. Additionally, and particularly pertinent within maternal
and perinatal epidemiology, the assumed biological relationship between maternal
conditions (e.g., the effect of malaria infection on risk of anaemia) and between maternal
and perinatal outcomes (e.g., the effect of maternal syphilis infection on risk of perinatal
death) can be explicitly represented. We approached the identification of these
relationships distinctly in the modelling of healthcare seeking and epidemiological

modelling.

For antenatal and intrapartum healthcare seeking, novel analyses were conducted using the
Malawian Demographic and Health Survey (DHS) data to identify socio-demographic
variables associated with care seeking whilst for postnatal care a previously conducted

analysis of the Malawian DHS data was used to inform model parameters (2).
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In the modelling of health conditions, to identify relevant relationships between variables
several targeted literature searches using the PubMed database were conducted. These
reviews were undertaken for each modelled condition focusing on studies from Malawi and
nearby territories including Mozambique, Zambia, Tanzania, Uganda, and Kenya, with the
search expanded to sub-Saharan Africa (SSA) if no relevant studies were found. Potential
relationships were identified based on significant evidence of effect and reasonable
biological plausibility suggestive of a causal effect. A compiled list of relationships was then
reviewed using our clinical expertise to determine the suitability of including such

relationships and to determine if any key relationships missing which should be included (3).

In the MPHM, unless otherwise stated, the effect of a variable on the probability of an
outcome is represented through a linear multiplicative model, as shown in the below
equation. Here let y be the probability of a complication, 8o the baseline risk, or intercept

value, x; the indicator variable for a risk factor and 68; the ‘effect’ of the risk factor giving:

Y =Bo* (B *x1) * (B2 *x3) ...
(1)

Within the description of each complication in §3 the equation used to calculate risk of
acquisition is presented and the relationship between variables within the multiplicative

models is discussed.

1.1.2 Model variables

Tables S2-S5 contain the individual-level variables generated and managed by the MPHM
which are largely representative of health conditions and healthcare related to pregnancy
and the neonatal period. Tables S7 and S8 list variables which are stored for individuals
outside of the main data frame but within an individual level dictionary for each pregnant

individual or each newborn.
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Variable

Data Type

Description

ps_gestational_age_in_weeks

Integer

The gestational age in weeks of a woman’s pregnancy.

ps_date_of ancl

Date

The date on which a pregnant woman'’s first antenatal
care (ANC) visit is scheduled.

ps_ectopic_pregnancy

Categorical

Whether a pregnant woman is experiencing an ectopic
pregnancy, and if so, its current ‘state’. Categories
include none, not ruptured, ruptured.

ps_multiple_pregnancy

Boolean

Whether a pregnant woman is pregnant with multiple
foetuses.

ps_placenta_praevia

Boolean

Whether a pregnant woman is experiencing placenta
praevia in her current pregnancy.

ps_syphilis

Boolean

Whether a pregnant woman has a syphilis infection.

ps_anaemia_in_pregnancy

Categorical

Whether a pregnant woman is experiencing maternal
anaemia in the antenatal period, and if so, its current
severity. Categories include none, mild, moderate,
severe.

ps_abortion_complications

Bitset?

The current complications associated with an abortion
that a woman is experiencing. Bitset* list values
represent the following complications: sepsis,
haemorrhage, injury, other.

ps_prev_spont_abortion

Boolean

Whether a woman has had any previous pregnancies
which have ended in spontaneous abortion.

ps_prev_stillbirth

Boolean

Whether a woman has had any previous pregnancies
which have ended in stillbirth.

ps_htn_disorders

Categorical

Whether a pregnant woman is experiencing any of the
hypertensive disorders of pregnancy during the
antenatal period. Categories include none, gestational
hypertension, severe gestational hypertension, mild
pre-eclampsia, severe pre-eclampsia, eclampsia.

ps_prev_pre_eclamp

Boolean

Whether a woman has had any previous pregnancies
which have been complicated by pre-eclampsia.

1 A Bitest is an ordered binary set which stored elements through toggling of an array of numbers. In this example the first
0 within the set would indicate not having the first complication and toggling to 1 would indicate having that complication
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ps_gest_diab Categorical Whether a pregnant woman is experiencing gestational
diabetes. Categories include none, uncontrolled,
controlled.

ps_prev_gest_diab Boolean Whether a woman has had any previous pregnancies
which have been complicated by gestational diabetes.

ps_placental_abruption Boolean Whether a pregnant woman is currently experiencing
antenatal placental abruption.

ps_antepartum_haemorrhage Categorical Whether a pregnant woman is currently experiencing an
antepartum haemorrhage, and if so, its severity.
Categories include none, mild/moderate, severe.

ps_premature_rupture_of Boolean Whether a pregnant woman is experiencing rupture of

_membranes membranes before the onset of labour.

ps chorioamnionitis Boolean Whether a pregnant woman is currently experiencing
sepsis due to chorioamnionitis infection.

ps_emergency_event Boolean Whether a woman is experiencing an acute emergency
event in her pregnancy and requires healthcare.

la_due_date_current_pregnancy Date Date on which a pregnant woman’s labour will onset if
pregnancy continues until this point.

la_currently_in_labour Boolean Whether a pregnant woman is currently in labour.

la_intrapartum_still_birth Boolean Whether a pregnant woman has experienced an
intrapartum stillbirth during her current pregnancy. It is
reset after the model determines if a birth should occur
following labour.

la_parity Integer The number of previous births a woman has undergone.

la_obstructed_labour Boolean Whether a pregnant woman in labour is currently
experiencing obstructed labour.

la_antepartum_haem Categorical Whether a pregnant woman in labour is currently
experiencing an intrapartum haemorrhage, and if so, its
severity. Categories include none, mild/moderate,
severe.

la_uterine_rupture Boolean Whether a pregnant woman in labour is currently
experiencing uterine rupture.

la_sepsis Boolean Whether a pregnant woman in labour is currently

experiencing intrapartum sepsis.
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la_date_most_recent_delivery

Date

The date on which a woman has most recently
delivered, inclusive of live birth or intrapartum stillbirth.

la_is_postpartum

Boolean

Whether a woman is currently in the postnatal period
meaning less than forty-two days have occurred since
she gave birth most recently

la_sepsis_pp

Boolean

Whether a postnatal woman has developed sepsis
within the first forty-eight hours after birth.

la_posptpartum_haem

Boolean

Whether a postnatal woman has developed a primary
postpartum haemorrhage within twenty-four hours of
birth.

pn_postnatal_period_in_weeks

Integer

The current week of the postnatal period for a postnatal
woman starting at week one.

pn_htn_disorders

Categorical

Whether a woman is experiencing any of the
hypertensive disorders of pregnancy during the
postnatal period. Categories include none, gestational
hypertension, severe gestational hypertension, mild
pre-eclampsia, severe pre-eclampsia, eclampsia.

pn_postpartum_haem_secondary

Boolean

Whether a woman in the postnatal period is
experiencing a secondary postpartum haemorrhage.

pn_sepsis_late_postpartum

Boolean

Whether a woman in the postnatal period is
experiencing a postnatal sepsis that has onset after
forty-eight hours.

pn_obstetric_fistula

Categorical

Whether a woman in the postnatal period has
developed an obstetric fistula following birth.
Categories include none, vesicovaginal, and
rectovaginal.

pn_anaemia_following_pregnancy

Categorical

Whether a woman is experiencing maternal anaemia in
the postnatal period, and if so, its current severity.
Categories include none, mild, moderate, severe.

pn_emergency_event_mother

Boolean

Whether a postnatal woman is undergoing an acute
emergency event and requires healthcare.

Table S2 — Maternal epidemiological and obstetric variables stored in the population data frame
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Variable

Data Type

Description

nb_is_twin

Boolean

Whether a neonate is a part of a twin pair.

nb_twin_sibling_id

Integer

The unique identifier for the twin-sibling of a neonate
within a twin pair.

nb_early_preterm

Boolean

Whether a neonate was born before thirty-four weeks
gestational age (GA).

nb_late_preterm

Boolean

Whether a neonate was born between thirty-four- and
thirty-six-weeks GA.

nb_preterm_birth_disab

Categorical

Whether a neonate who was born prematurely has
developed any level of neurodevelopmental impairment
following birth. Categories include none, mild motor and
cognitive impairment, mild motor impairment, moderate
motor impairment, severe motor impairment.

nb_congenital_anomaly

Bitset

Whether a neonate has a congenital birth anomaly. Bitset
list values represent the following conditions: cardiac
anomaly, limb or musculoskeletal anomaly, urogenital
anomaly, digestive anomaly and ‘other’ anomaly.

nb_early_onset_neonatal_sepsis

Boolean

Whether a neonate has developed early-onset neonatal
sepsis immediately after birth.

nb_neonatal_sepsis_disab

Categorical

Whether a neonate who developed sepsis following birth
developed any level of neurodevelopmental impairment
following birth. Categories include none, mild motor and
cognitive impairment, mild motor impairment, moderate
motor impairment, severe motor impairment.

nb_preterm_respiratory_distress

Boolean

Whether a neonate who was born prematurely has
developed respiratory distress syndrome.

nb_not_breathing_at_birth

Boolean

Whether a neonate is breathing spontaneously following
birth.

nb_encephalopathy

Categorical

Whether a neonate has developed neonatal
encephalopathy following birth.

nb_encephalopathy_disab

Categorical

Whether a neonate who developed encephalopathy
following birth developed any level of
neurodevelopmental impairment following birth.
Categories include none, mild motor and cognitive
impairment, mild motor impairment, moderate motor
impairment, severe motor impairment.
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nb_retinopathy_prem

Categorical

Whether a preterm neonate has experienced any severity
of retinopathy following birth. Categories include none,
mild, moderate, severe, blindness.

nb_low_birth_weight_status

Categorical

The birthweight ‘category’ of a neonate. Categories
include macrosomia, normal birth weight, low birth
weight, very low birth weight and extremely low birth
weight.

nb_size_for_gestational_age

Categorical

The size for GA ‘category’ of a neonate. Categories include
large for GA, average for GA and small for GA.

nb_early_init_breastfeeding

Boolean

Whether a neonate has started breastfeeding within the
first hour of life.

nb_breastfeeding_status

Categorical

The breastfeeding ‘statuses of a neonate. Categories
include none, non-exclusive and exclusive.

pn_sepsis_early _neonatal

Boolean

Whether a neonate has developed early onset neonatal
sepsis during the first week of life.

pn_sepsis_late_neonatal

Boolean

Whether a neonate has developed late onset neonatal
sepsis, sepsis occurring after 7 days of life.

Table S3 — Neonatal epidemiological variables stored in the population data frame
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Variable

Data Type

Description

ps_anc4

Boolean

Whether a pregnant woman is predicted to attend
four or more antenatal care visits during her current
pregnancy.

ac_total_anc_visits_current_pregnancy

Integer

The running total of ANC visits a pregnant woman has
attended during their current pregnancy.

ac_date_next_contact

Date

Scheduled date on which the next ANC visit a
pregnant woman will attend will occur.

ac_to_be_admitted

Boolean

Whether a pregnant woman will be admitted as result
of ANC attendance. Set to True on the day on which
admission occurs then reset.

ac_receiving_iron_folic_acid

Boolean

Whether a pregnant woman is currently receiving
daily iron and folic acid supplementation.

ac_receiving_bep_supplements

Boolean

Whether a pregnant woman is currently receiving
daily balanced energy and protein supplementation.

ac_receiving_calcium_supplements

Boolean

Whether a pregnant woman is currently receiving
daily calcium supplementation.

ac_gest_htn_on_treatment

Boolean

Whether a pregnant woman is currently receiving
daily oral medication for treatment of hypertension
during pregnancy.

ac_gest_diab_on_treatment

Categorica

Whether a pregnant woman is receiving treatment for
gestational diabetes and, if so, which treatment.
Categories include none, diet and exercise, orals and
insulin.

ac_ectopic_pregnancy_treated

Boolean

Whether a woman with an ectopic pregnancy has
received treatment as part of ectopic pregnancy case
management. Reset to False after risk of death has
been calculated.

ac_received_post_abortion_care

Boolean

Whether a woman experiencing complications of
abortion has received post abortion care. Reset to
False after risk of death has been calculated.

ac_received_abx_for_prom

Boolean

Whether a woman experiencing premature rupture of
membranes (PROM) has received prophylactic
antibiotics. Reset to False after delivery.

ac_mag_sulph_treatment

Boolean

Whether a woman experiencing severe pre-eclampsia
or eclampsia has received treatment with magnesium
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sulphate. Reset to False after risk of death has been
calculated.

ac_iv_anti_htn_treatment

Boolean

Whether a pregnant woman experiencing severe
hypertension in pregnancy has received intravenous
treatment with antihypertensives. Reset to False after
risk of death has been calculated.

ac_admitted_for_immediate_delivery

Categorical

Whether a pregnant woman has been admitted to the
labour ward for delivery and, if so, by what method.
Categories include none, induction now, induction
future, caesarean now or caesarean future.

la_previous_cs_delivery

Integer

Whether a woman has ever previously delivered via
caesarean section.

la_uterine_rupture_treatment

Boolean

Whether a pregnant woman in labour experiencing
uterine rupture has received treatment.

la_sepsis_treatment

Boolean

Whether a pregnant woman in labour currently
experiencing intrapartum sepsis has received
treatment.

la_eclampsia_treatment

Boolean

Whether a pregnant woman in labour currently
experiencing eclampsia has received treatment.

la_severe_pre_eclampsia_treatment

Boolean

Whether a pregnant woman in labour currently
experiencing severe pre-eclampsia has received
treatment.

la_maternal_hypertension_treatment

Boolean

Whether a pregnant woman in labour currently
experiencing severe hypertension has received
treatment.

la_has_had_hysterectomy

Boolean

Whether a woman has undergone a hysterectomy
following labour and delivery as a treatment for
uterine rupture or refractory postpartum
haemorrhage.

la_postpartum_haem_treatment

Bitset

The treatment received by a postnatal woman who
has experienced postpartum haemorrhage and
received care. Bitset list values represent the following
complications: manual removal of placenta, uterine
preserving surgery, and hysterectomy.

la_pn_checks_maternal

Integer

Total number of postnatal care (PNC) visits a woman
in the postnatal period has received.
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la_gest_htn_on_treatment Boolean

Whether a woman with postnatal hypertension is
taking oral antihypertensives.

la_iron_folic_acid_postnatal Boolean

Whether a woman in the postnatal period is taking
daily iron and folic acid supplementation.

Table S4 — Maternal healthcare variables stored in the population data frame
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Variable Data Type Description

nb_received_neonatal_resus Boolean Whether a neonate has received basic neonatal
resuscitation following birth.

nb_clean_birth Boolean Whether clean birth and postnatal practices were adhered
to during the delivery of a neonate.

nb_inj_abx_neonatal_sepsis Boolean Whether a neonate with sepsis has received injectable
antibiotics as treatment for their condition.

nb_supp_care_neonatal_sepsis  Boolean Whether a neonate with sepsis has received full supportive
care as treatment for their condition.

nb_kangaroo_mother_care Boolean Whether a neonate has received Kangaroo Mother Care
(KMC).

nb_pnc_check Integer The number of PNC visits a neonate has undergone during

the neonatal period.

Table S5 — Neonatal healthcare variables stored in the population data frame
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Variables used only for programming purposes are not listed here.

Variable Data Type Description

delay_one_two Boolean Whether a pregnant or postnatal woman has experienced
delay one or two before receiving care.

delay_three Boolean Whether a pregnant or postnatal woman has experienced
delay three during care.

ga_anc_one Integer The gestational age of a pregnant woman’s pregnancy
when she attends her first ANC visit.

abortion_onset Date Date on which an abortion has occurred to a previously
pregnant woman.

abortion_haem_onset Date Date on which an abortion complicated by haemorrhage
has occurred to a previously pregnant woman.

abortion_sep_onset Date Date on which an abortion complicated by sepsis has
occurred to a previously pregnant woman.

eclampsia_onset Date Date on which eclampsia has occurred to a pregnant or
postnatal woman.

mild_mod_aph_onset Date Date on which a mild/moderate antepartum haemorrhage
has occurred to a pregnant woman.

severe_aph_onset Date Date on which a severe antepartum haemorrhage has
occurred to a pregnant woman.

chorio_onset Date Date on which sepsis secondary to chorioamnionitis has
occurred to a pregnant woman.

ectopic_onset Date Date on which an ectopic pregnancy has occurred to a
pregnant woman.

ectopic_rupture_onset Date Date on which a ruptured ectopic pregnancy has occurred
to a pregnant woman.

gest_diab_onset Date Date on which gestational diabetes has onset in a pregnant
woman.

gest_diab_diagnosed_onset Date Date on which a pregnant woman with gestational
diabetes was diagnosed.

gest_diab_resolution Date Date on which gestational diabetes resolved in a pregnant

woman who was previously suffering from gestational
diabetes.
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mild_anaemia_onset Date Date on which mild anaemia has onset in a pregnant
woman.

mild_anaemia_resolution Date Date on which mild anaemia has resolved in a pregnant
woman.

moderate_anaemia_onset Date Date on which moderate anaemia has onset in a pregnant
woman.

moderate_anaemia_resolution Date Date on which moderate anaemia has resolved in a
pregnant woman.

severe_anaemia_onset Date Date on which severe anaemia has onset in a pregnant
woman.

severe_anaemia_resolution Date Date on which severe anaemia has resolved in a pregnant
woman.

mild_anaemia_pp_onset Date Date on which mild anaemia has onset in a postnatal
woman.

mild_anaemia_pp_resolution Date Date on which mild anaemia has resolved in a postnatal
woman.

moderate_anaemia_pp_onset Date Date on which moderate anaemia has occurred to a
postnatal woman.

moderate_anaemia_pp_resolution Date Date on which moderate anaemia has resolved in a
postnatal woman.

severe_anaemia_pp_onset Date Date on which severe anaemia has onset in a postnatal
woman.

severe_anaemia_pp_resolution Date Date on which severe anaemia has resolved in a postnatal
woman.

hypertension_onset Date Date on which hypertension has onset in a pregnant or
postnatal woman.

hypertension_resolution Date Date on which hypertension has resolved in a pregnant or
postnatal woman.

obstructed_labour_onset Date Date on which a pregnant woman in labour has
experienced obstructed labour.

sepsis_onset Date Date on which a pregnant woman in labour or postnatal

woman has experienced sepsis.
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uterine_rupture_onset Date Date on which a pregnant woman in labour has
experienced uterine rupture.

mild_mod_pph_onset Date Date on which a postnatal woman has experienced
mild/moderate postpartum haemorrhage.

severe_pph_onset Date Date on which a postnatal woman has experienced severe
postpartum haemorrhage.

secondary_pph_onset Date Date on which a postnatal woman has experienced a
secondary postpartum haemorrhage.

vesicovaginal_fistula_onset Date Date on which a postnatal woman has experienced a
vesicovaginal fistula.

vesicovaginal_fistula_resolution Date Date on which a postnatal woman has experienced
resolution of their vesicovaginal fistula.

rectovaginal_fistula_onset Date Date on which a postnatal woman has experienced a
rectovaginal fistula.

rectovaginal_fistula_resolution Date Date on which a postnatal woman has experienced
resolution of their rectovaginal fistula.

pred_syph_infect Date Date on which syphilis will onset in a pregnant woman.

labour_state Categorical Whether a pregnant woman in labour is in term, preterm
or post term labour. Categories include term labour, early
preterm labour, late preterm labour, or post term

birth_weight Categorical Birth weight category of a pregnant woman's foetus at the
time of labour onset. Categories include macrosomia,
normal birth weight, low birth weight, very low birth
weight and extremely low birth weight.

birth_size Categorical Size category of a pregnant woman'’s foetus at the time of
labour onset. Categories include large for GA, average for
GA and small for GA.

delivery_setting Categorical Where a pregnant woman in labour will give birth.
Categories include home, health centre and hospital.

corticosteroids given Boolean Whether a pregnant woman in preterm labour has
received antenatal corticosteroids.

clean_birth_practices Boolean Whether a pregnant woman in labour has received clean

birth practices.
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abx_for_prom_given Boolean Whether a pregnant woman has received antibiotic
prophylaxis after PROM.

endo_pp Boolean Whether a postnatal woman has experienced sepsis
secondary to endometritis.

retained_placenta Boolean Whether a postnatal woman is experiencing retained
placenta after birth.

uterine_atony Boolean Whether a postnatal woman is experiencing uterine atony
after birth.

amtsl_given Boolean Whether a postnatal woman has received active
management of third stage of labour following birth

cpd Boolean Whether a pregnant woman in labour is experiencing
cephalopelvic disorder.

mode_of _delivery Categorical The mode of birth for a postnatal woman. Categories
include vaginal delivery, assisted vaginal delivery,
caesarean section.

neo_will_receive_resus_if_needed Boolean Whether the newborn of a postnatal woman can receive
resuscitation if required as the required consumables and
HCWs are available.

received_blood_transfusion Boolean Whether a pregnant or postnatal woman has received a
blood transfusion during or following labour.

will_receive_pnc Boolean Whether a postnatal woman will receive postnatal care

and when. Categories include none, early or late.

Table S6 — Maternal variables stored in the mother_and_newborn_care dictionary
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Variable Data Type Description

ga_at_birth Integer Gestational age, in weeks, of a neonate at birth.

maternal_chorio Boolean Whether a neonate’s mother had
chorioamnionitis during pregnancy/labour.

maternal_gest_diab Boolean Whether a neonate’s mother had gestational
diabetes.

vit_k Boolean Whether a neonate received vitamin K
prophylaxis after birth.

tetra_eye d Boolean Whether a neonate received eye care after
birth.

abx_for_prom_given Boolean Whether a neonate’s mother was given
antibiotics following PROM.

corticosteroids_given Boolean Whether a neonate’s mother was given
antenatal corticosteroids following preterm
labour onset.

delivery_setting Categorical Where a neonate was born. Categories include
home, health centre and hospital.

cause_of _death_after_birth List List of any potential causes of death which a
neonate is at risk of following complication risk
onset

sepsis_postnatal Boolean Whether a neonate experienced sepsis during
the neonatal period.

passed_through_week_one Boolean Whether PostnatalWeekOneNeonatalEvent has
run for a neonate.

will_receive_pnc Categorical Whether a neonate will receive PNC and at
which time. Categories include none, early and
late

third_delay Boolean Whether a neonate has experienced the third

delay during care.

Table S7 — Neonatal variables stored in the newborn_care_info dictionary
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1.2 Modelling obstetric processes and epidemiology

In this section the modelling of obstetric processes (e.g., calculation and progression of
gestational age) and epidemiological processes (e.g., the application of the risk of
complication onset) within the population of interest is described. For clarity processes are
categorised according to the period of pregnancy to which they are relevant followed by

common processes across the model.

1.2.1 Model parameters
Model parameters are presented in tables throughout this and the following two sections,
accompanied by a description and the relevant data sources used to derive each parameter.

Parameter rows are colour coded to aid interpretation:

e Green —the parameter represents the probability of maternal or neonatal health
condition onset or condition severity

e Pink —the parameter is used to determine a pregnancy or birth related characteristic
(e.g., foetal birth weight)

e Blue —the parameter represents the probability of an individual seeking healthcare
or is related directly to healthcare seeking

e Grey—the parameter is the effect of a variable on a behaviour or outcome

e Yellow —the parameter is the effect of treatment on an outcome or is related
directly to treatment delivery or effectiveness

e Orange — the parameter represents risk of mortality associated with a complication

In addition, parameters which are only applied once at simulation baseline are identified.

1.2.1.1 Multiple values for a given parameter

Due to limited availability of historic time-series data in Malawi for the calibration of the
model we have opted to calibrate to data points from 2010 and 2015 for which there are
reliable estimates. This decision was made to reflect historic changes in key outcomes such

as mortality and healthcare coverage.
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As such, within the parameter tables, where two values are presented the first represents
the value applied in the model between 2010 and 2014 and the second value represents the
value applied from 2015 onwards. If a single value is presented, there is no change in that
parameter following initialisation of the simulation. Model calibration is discussed at length

in §4.

1.2.1.2 Parameter scaling

Several parameters which act as the intercept value within the multiplicative models used to
model relationships between variables are scaled at the initialisation of any simulation run.
This allowed for calculation of an unknown intercept value of a multiplicative model given
the known coefficients, known ‘target’ probability of that outcome within the population

but unknown distribution of variables within the model in the simulated population.

To calculate the scaled intercept value, which is the probability of an outcome in an
individual in the absence of the effect of predictor variables, the multiplicative model is
solved for all women of reproductive age currently in the data frame, using an intercept of

1, and then calculate a scaled intercept as:

target intercept

Scaled intercept = 1 * e Tesult
(2)
The parameter odds_deliver_in_health_centre (Table S23) is an example of a parameter
which is scaled at initialisation and acts as an intercept value in a multiplicative model. The
coverage of health centre delivery which should be replicated by the model is 52% in 2015
(sourced from the DHS). The value of this parameter (1.092) would lead to the correct
probability of delivery in a health centre if there was no effect of predictor variables.
However several predictor variables have been found to affect odds of health centre
delivery (e.g. age, parity etc.) and are included in the multiplicative model. At initialisation
the distribution of these variables in the modelled population is not known. Therefore the

true value that odds_deliver_in_health_centre should take, given the effect of these

variables and their unknown distribution in the population, to still produce the correct

2 0dds converted to probability as 1.09/2.09 = 0.52

28



coverage is not known. Using the method above a scaled intercept is calculated and replaces

the value for odds_deliver_in_health_centre to be used in the model.

Parameters which are scaled at initialisation are highlighted appropriately within the

parameter tables.

1.2.2 Antenatal processes

1.2.2.1 Initiation of multiple pregnancy

At the initiation of any pregnancy, the parameter prob_multiples determines if the
individual is pregnant with one or two foetuses. Twin pregnancy has been included in the
model due to its assumed causal relationship with other modelled complications and
perinatal outcomes. In the interest of parsimony, and due to lacking data in Malawi, it is
assumed all multiple pregnancies are twins and exclude the possibility of greater than two
foetuses. All twin pregnancies carried successfully to delivery lead to the generation of two

individuals following birth in a simulation run.

Parameter Description Value Data source and/or relevant calculations
name
prob_multiples | The probability that | 0.0399 | The number of twin births in Malawi was reported in
a pregnant the 2010 DHS, a nationally representative
individual is population-level survey, from which Monden &
pregnant with two Smits (4) estimate the prevalence of twin births in
foetuses Malawi. The authors report that 3.9% of births are
twin births. This parameter was derived from
calibration to this rate.

Table S8 — Parameter determining rate of twin birth

1.2.2.2 Determining gestational age of pregnancy

Gestational age (GA) is the primary measure of pregnancy duration utilised in both clinical
obstetrics and maternal and foetal epidemiological research. Commonly, GA is calculated by
from the date of woman’s last menstrual period (5). As such, the GA of a pregnancy includes
two weeks in which an individual is not pregnant, given that ovulation occurs approximately
fourteen days following the end of a woman’s period. Therefore, in the model, GA is

updated on a weekly time step calculated by taking the difference, in weeks, between the
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date of conception and the current simulation date and adding fourteen days. These
fourteen days are the additional two weeks before which the individual became pregnant, a
date which is not recorded in the model. Whilst foetal age from conception in the model is
known, simulating GA of a modelled pregnancy is important considering most of the
epidemiological and obstetric research data used to inform the model parameter values

utilises this measure.

1.2.2.3 Risk of antenatal complication onset

In the pregnant population of the model, complication onset is determined by GA and risk is
applied mostly on a monthly time-step as pregnancy progresses unless otherwise stated in
the condition models descriptions in §3. Figure S1 shows the time points during the
antenatal period of pregnancy at which risk of modelled complications is applied. The
rationale for these decisions is explored in the associated model descriptions in §3.
Individual risk of condition onset is determined either by a fixed parameter or calculated via

a multiplicative model to account for the effect of relevant variables on probability of onset.
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Figure S1 — Risk application during the antenatal period of pregnancy
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1.3.2.4 Antenatal pregnancy loss

The explicit causes of pregnancy loss included in the model are ectopic pregnancy,
spontaneous abortion, induced abortion, and antenatal stillbirth. Figure S1 demonstrates
how the application of risk of pregnancy loss changes as a woman’s pregnancy progresses,
with early pregnancy loss categorised predominantly as ectopic pregnancy or abortion and
later pregnancy loss being due to stillbirth. Following the onset of any of these conditions in
the model, a woman’s pregnancy is ended with all relevant variables updated by the model.
Through the combined incidence of pregnancy loss within the model the emergent

proportion of pregnancies leading to a live birth is ~71% per year by 2022.

1.2.3 Intrapartum and birth-related processes

1.2.3.1 Birthweight

The weight in grams of a foetus is calculated prior to birth as foetal weight is a predictor
within multiplicative models of certain maternal complications (e.g., obstructed labour,
postpartum haemorrhage). Weight is determined via a random draw from a normal
distribution with an estimated mean and standard deviation value of foetal weight for GA
shown in Table S9 (parameters mean_birth_weights and
standard_deviation_birth_weights). Values were sourced from Malawian (6) and the
United States (US) (7) studies of birthweight by GA. The resultant weight in grams is used to
categorise the foetus as extremely low birth weight (< 1000g), very low birth weight (1000 —
1499g), low birth weight (1500 — 2499g), normal birth weight (2500g-3999g) and
macrosomic (>4000g) (8) with the categorisation stored as a variable of the mother initially
and then the newborn if live birth occurs. As it was found that the assumed distribution did
not generate the correct assumed rate of macrosomia within the population,
residual_prob_of_macrosomia is used to reset a proportion of the normal birthweight
newborns as macrosomic. In addition to birthweight, size for GA is also recorded for each
foetus with foetuses whose weight is in the 10t centile or lower for their GA and those

above the 90 centile being categorised as small and large for GA respectively (9).
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Parameter name

Description

Value

Data source and/or relevant calculations

mean_birth_weights

The mean birthweights in grams of

neonates born at 24 to 41 weeks GA.

657, 746, 851, 966, 1096,

1240, 1440, 1641, 1841,

2041, 2242, 2442, 2736,

2856, 2995, 3036, 3117,
3136

We were unable to identify nationally representative
population level data on newborn birthweight in grams by
GA in Malawi. Data of observed mean birthweights in
newborns born from 24 to 29 weeks was taken directly
from a study conducted in the US of over 180,000 preterm
infants by Boghossian et al (7) data for mean birthweights
for 35 to 41 weeks are taken directly from a study
conducted In Malawi of 1,800 infants by Kalanda et al. (6).
Malawian data was presented by gender, so the average
birthweight was calculated for these values. Birth weights
for 30-34 weeks were estimated via linear interpolation
using the Python Pandas library.

standard_deviation_birth_weights

The standard deviation of
birthweight in grams of neonates
born at 24 to 41 weeks GA.

113, 140, 169, 196, 218,

235, 274, 312 ,351, 390,

428, 460, 467, 398, 356,
351, 396, 351

See mean_birth_weights. Standard deviations were taken
from the same studies as referenced above with values for
30-34 weeks estimated via linear interpolation using the
python Pandas library.

residual_prob_of _macrosomia

The probability of macrosomic birth
weight in a neonate who is not low
birth weight.

0.057

This proportion was derived from Ngwira (10) who report
approximately 5.13% of newborns in Malawi are born
macrosomic according to the Malawi DHS data.

Table S9 — Parameters determining neonatal birthweight
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1.2.3.2 Risk of intrapartum complication onset

Risk of maternal intrapartum complications is applied to all mothers at labour onset.
Complication risk is applied sequentially for relationships between intrapartum
complications to be represented (i.e., risk of obstructed labour is applied before the risk of
uterine rupture as there is an assumed causal pathway between these two complications).
Mothers delivering in a healthcare facility have risk of complication onset applied following
the delivery of relevant prophylactic treatments to allow for the effect of these treatments

to be applied.

1.2.3.3 Intrapartum pregnancy loss
All mothers who go into labour are at risk of intrapartum stillbirth which is applied
immediately prior to the generation of a new live birth within the simulation. In §3 the

modelling of stillbirth is described in detail.

1.2.3.4 Birth

Within the model, a birth occurs following the process of labour and leads to the generation
of a new individual if a live birth has occurred. Newly generated individuals are appended
onto the end of the population data frame with newborns linked to mothers via a unique
identifier stored as a variable of the newborn. On birth, variables of the newborn are
updated by each disease module. These modules propagate the new rows of the data frame
with the relevant variables for that module. Due to the link between mother and newborn,
maternal characteristics can be used to determine the status of newborn variables to reflect
processes such as vertical transmission (i.e., newborn HIV acquisition) or the relationship

between labour and newborn complications.

1.2.3.5 Breastfeeding

Breastfeeding status is determined for all newborns following birth. A probability-weighted
random draw, using parameter prob_breastfeeding_type, is used to select between three
distinct breastfeeding ‘states’ including ‘none’, ‘non-exclusive’ and, ‘exclusive’ representing
neonates who are never breastfed, those who are breastfed alongside additional
feeds/fluids, and those who are only breastfed respectively. The probabilities used within

this parameter are calculated from the Malawi DHS surveys in which breastfeeding status
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across the first six-months is reported (11,12). Full details of this calculation are provided in

Table S10.

For neonates who are breastfed, parameter prob_early_breastfeeding_hb or
prob_early_breastfeeding_hf is used to determine if breastfeeding was initiated ‘early’,
commonly defined as the initiation within the first hour of life (13), for infants born at home
or in a health facility respectively. The Malawian DHS reports the proportion of women who
initiated early breastfeeding following a homebirth and the same proportion following a
facilities delivery which has been used to inform these parameters (11,12). Breastfeeding
status is updated at six-months after birth, at which point exclusively breastfed infants have
an equal probability of becoming non-exclusively fed or stopping entirely, and non-
exclusively breastfed infants have an equal probability of remaining non-exclusively
breastfed or stopping entirely. An event at two years post-birth occurs for all infants to reset
status to ‘none’. The effect of early initiation of breastfeeding on risk of neonatal sepsis is
discussed under the corresponding heading in §3, with breastfeeding status also affecting
several other outcomes for conditions external to the MPHM such as risk of acute lower

respiratory infection and diarrhoea.
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Parameter name

Description

Value*

Data source and/or relevant calculations

prob_breastfeeding_type

The probabilities that a neonate will not
be breastfed, will be non-exclusively
breastfed or will be exclusively breastfed

[0.005, 0.277, 0.718]

/
[0.101, 0.289, 0.61]

Values were calculated using data from the DHS surveys
conducted in 2010 and 2015 which reports the ‘Percent
distribution of youngest children under age 2 who are living
with their mother, by breastfeeding status and percentage
currently breastfeeding (11,12). This data is disaggregated by
age in months.

As the values here pertain to breastfeeding status in the first
sixth months of life in the model, the average proportion of
feeding status across the first sixth months of life was
calculated.

Prob_early_breastfeeding_hb

The probability that a breastfed neonate
who was born at home will initiate
breastfeeding within one hour of birth.

0.94/0.67

The 2010 and 2015 values are sourced directly from the DHS
(11,12). There is no apparent change in survey methodology
to account of observed difference between early initiation of
breastfeeding between these two dates which suggests this
observation is due to a change in breastfeeding practices in
the population

prob_early_breastfeeding_hf

The probability that a breastfed neonate
who was born in a health facility will
initiate breastfeeding within one hour of
birth.

0.94/0.77

See prob_early_breastfeeding_hf. The 2010 and 2015 values
are sourced directly from the DHS (11,12).

* Where two values (or sets of values) are provided the first set is applied from 2010-2014 and the second set from 2015 onwards for a given simulation run (§1.2.1.1)

Table S10 — Parameters determining the breastfeeding status of newborns
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1.2.4 Postnatal and neonatal processes

1.2.4.1 Risk of maternal and neonatal postnatal complications

Following birth, the application of risk of maternal postnatal complications occurs during
several time steps including immediately following delivery and then weekly for each of the
remaining six weeks of the postnatal period. A similar structure is implemented for neonatal
complications with initial risk calculated and applied on birth followed by weekly application
of risk for the four weeks of the neonatal period. Risk application is represented

diagrammatically in Figure S2 below.

Postnatal women Neonates
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: Immediately post birth E : Immediately post birth E
1 1 1 1
\ -- Primary postpartum haemorrhage : « -- Early onset sepsis |
1 . 1 1 1
i -- Postpartum sepsis ! i -- Neonatal encephalopathy :
: ! E -- Neonatal repsiratory depression :
. If hypertensive antenally: ! i -- Congenital birth anomalies :
i -- Severe pre-eclampsia : E :
. -- Eclampsia ! 1 If preterm: :
. -- Severe gestational hypertension ) = Preterm respiratory distress syndrome :
S = : |
: Week one - six postnatal : S :
I I i Week one neonatal |
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' -- Secondary postpartum haemorrhage i E -- Early onset sepsis E
! -- Postpartum sepsis 1 o cooooooocoonsosooconosaccoocoood 3
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I )
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Figure S2 — Risk application during the postnatal and neonatal periods

1.2.5 Common processes

1.2.5.1 Obstetric history

At the initialisation of any simulation the parity and previous delivery status for all women
of reproductive age within the population is predicted. Parity for these individuals is
calculated using a linear regression model derived from the Malawi 2010 DHS dataset (12).

The intercept value and coefficients for this model are presented in the parameter Table
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S11. The result from this regression model is calculated for individuals at initialisation of the

simulation and rounded to the nearest integer representing their parity.

Currently, whilst parity at baseline is influenced by socio-demographic variables, the
probability of pregnancy, as determined by the contraception module, is not. This is a
limitation of the approach taken here. In addition, the parameters
prob_previous_caesarean_at_baseline and prob_previous_miscarriage_at_baseline
determines if women of reproductive age have previously delivered via CS and have

previously experienced a miscarriage respectively.
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Parameter name Description Value Data source and/or relevant calculations
intercept_parity_Ir2010 The intercept value for linear regression -2.81 A linear regression model was developed using the 2010
predicting individual parity at simulation Malawian DHS data (12). The dependent variable was the
baseline number of children ever born as reported at the time of the
survey and model coefficients were selected for inclusion in
The parameters below starting with “effect_” the model were based on evidence from contextually
refer to the effect on parity at baseline similar settings. The effect of these coefficients on
predicted parity is shown in the following table rows. The
output of the model is rounded to the nearest integer to
give predicted parity.
effect_age_parity_Ir2010 The effect of a unit increase in age from 15 0.21 See intercept_parity_Ir2010.
years old
effect_mar_stat_2_parity_Ir2010 The effect of being married compared to never 0.84 See intercept_parity_Ir2010.
married
effect_mar_stat_3_parity_Ir2010 The effect of being previously married 0.14 See intercept_parity_Ir2010.
compared to never married
effect_wealth_lev_4_parity_Ir2010 The effect of being in the fourth wealth quintile -0.09 See intercept_parity_Ir2010. Wealth quintiles are defined
compared to the fifth within the DHS according to household assets with the first
quintile being highest and fifth the lowest (11,12).
effect_wealth_lev_3_parity_Ir2010 The effect of being in the third wealth quintile -0.18 See intercept_parity_Ir2010.
compared to the fifth
effect_wealth_lev_2_parity_Ir2010 The effect of being in the second wealth -0.22 See intercept_parity_Ir2010.

quintile compared to the fifth quintile o
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effect_wealth_lev_1_parity_Ir2010 The effect of being in the first wealth quintile -0.48 See intercept_parity_Ir2010.
compared to the fifth

effect_edu_lev_2_parity_Ir2010 The effect of being in education level two -0.33 See intercept_parity_Ir2010.
(having received primary schooling) compared
to no education

effect_edu_lev_3_parity_Ir2010 The effect of being in education level three -1 See intercept_parity_[r2010.
(having received secondary schooling or
greater) compared to no education

effect_rural_parity_Ir2010 The effect of living in a rural area compared to 0.19 See intercept_parity_Ir2010.
an urban area

prob_previous_caesarean_at_baseline The probability that a woman of reproductive 0.046 The proportion of total births in the last five years which

age (15-49 years) who has previously given
birth at least once has previously delivered via
CS at simulation baseline

occurred via CS was sourced from the 2010 Malawian DHS
(12) as 4.6%. Whilst this is likely lower than the proportion
of all women of reproductive age who have delivered via CS
in their lifetime this has been used as a proxy for the
purpose of the model.
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prob_previous_miscarriage_at_baseline The probability that a woman of reproductive
age has previously experienced a spontaneous
abortion at simulation baseline

0.047

The 2015 Malawi DHS survey (11) reports the proportion of
women who have experienced a miscarriage in the previous
5 years (4.7%) which has been used for this parameter.
Whilst this is likely lower than the proportion of all women
of reproductive age who have experienced a miscarriage in
their lifetime this has been used as a proxy for the purpose
of the model.

*All parameters in this table are applied only once at simulation intialisation

Table S11 — Parameters determining baseline obstetric history
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1.2.5.2 Maternal and neonatal death

For conditions in the model which have been deemed potentially fatal, a parameter
represents the probability of death due to the condition in the absence of treatment. This
probability of cause-specific maternal or neonatal death is applied to any individual
experiencing the condition after it has been determined if they will receive any healthcare
and such healthcare has been delivered. If treatment is received, this probability of death is
multiplied by the relevant treatment effect as depicted in the model diagrams for relevant
conditions in §3. For example, probability of maternal death following postnatal sepsis is

calculated as:

y = cfr_pp_sepsis * (/a_sepsis_treatment* sepsis_treatment_effect_md)
(3)

Where y is the cause-specific probability of death, la_sepsis_treatment is the variable
signifying treatment has been delivered and sepsis_treatment_effect_md is the effect of
the treatment on the probability of death without treatment, cfr_pp_sepsis. If the result of

a random draw is lower than the probability of death, then the death occurs.

As the model allows for multiple conditions to occur to an individual it is possible an
individual may be at risk of death from several conditions at the same time. First, the cause-
specific probability of death is calculated for each relevant condition (accounting for
treatment delivery where appropriate). Then total probability of death is then equal to:
P(death) =1 - ((1- P(death_causel)) * (1- P(death_cause2)) * ...

(4)
When death occurs in the model the cause of death is logged and passed to the
demography module. If a single condition has occurred then this is recorded as the cause of
death, if multiple conditions have occurred in the same woman, then a probability weighted
draw, accounting for probability of death for each relevant cause, determines the primary

cause of death to be logged.
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1.2.5.3 Maternal and neonatal morbidity

1.2.5.3.1 Maternal disability weights

To calculate the total DALYs attributable to health conditions within Malawi, disability
weights from the 2019 GBD Study (14) are assigned to individuals in the population who
experience health conditions within the TLO framework and are calculated across the

population in a monthly timestep.

Table S12 contains the disability weights for maternal conditions in the MPHM. As described
in the tables, it is assumed that for acute complications, such as obstructed labour, the
entire value of the weight is applied to that individual during the month the complication
occurs. For other conditions, which may persist across the length of pregnancy, the entire
weight is assigned if the individual has experienced the condition for the entirety of the
prior month, otherwise a fraction of the weight depending on the number of days in the

previous month the complication has been experienced is returned.
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Model Condition

Weight

GBD Sequelae

Complications where total weight is applied once within month of complication onset:

Abortion (+/- complications)

0.114
(0.078-0.159)

Maternal abortive outcome

Abortion complicated by
haemorrhage

0.114
(0.078-0.159)

Maternal haemorrhage (< 1L
blood lost)

Abortion complicated by sepsis 0.133 Puerperal sepsis
(0.088-0.19)
Ectopic pregnancy 0.114 Ectopic Pregnancy

(0.078-0.159)

Ectopic pregnancy rupturet

0.114
(0.078-0.159)

Maternal haemorrhage (< 1L
blood lost)

Mild or moderate antepartum

0.114

Maternal haemorrhage (< 1L

haemorrhage (0.078-0.159) blood lost)
Severe antepartum 0.324 Maternal hemorrhage (> 1L
haemorrhage (0.22 -0.442) blood lost)
Antenatal sepsis 0.133 Puerperal sepsis
(0.088-0.19)
Eclampsiat 0.263 Epilepsy, seizures 1-11 per year

(0.173-0.367)

Obstructed Labour 0.324 Obstructed labour, acute event
(0.22-0.442)

Uterine Rupturet 0.324 Maternal hemorrhage (> 1L
(0.22 -0.442) blood lost)

Mild or moderate postpartum 0.114 Maternal hemorrhage (< 1L

haemorrhage

(0.078 - 0.159)

blood lost)

Severe postpartum 0.324 Maternal hemorrhage (> 1L
haemorrhage (0.22 -0.442) blood lost)
Secondary postpartum 0.114 Maternal hemorrhage (< 1L

haemorrhage

(0.078 - 0.159)

blood lost)
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Conditions where a fraction* of the weight is applied for every day the condition has occurred in the
previous month:
Mild anaemia 0.004 Anemia, mild
(0.001 - 0.008)

Moderate anaemia 0.052 Anemia, moderate
(0.034-0.076)

Severe anaemia 0.149 Anemia, severe
(0.101 -0.209)

Hypertension 0.049 Other hypertensive disorders of
(0.031-0.072) pregnancy

Gestational diabetest 0.049 Uncomplicated diabetes
(0.031-0.072 mellitus

Vesicovaginal fistula 0.342 Vesicovaginal fistula

(0.227 - 0.478)

Rectovaginal fistula 0.501 Rectovaginal fistula
(0.339-0.657)

T The 2019 GBD study did not include disability weights for these conditions, so we have used weights
from conditions which were deemed most similar in terms of sequelae.
* Daily weight is calculated by dividing the total weight by 362.25.

Table S12 — Disability weights for maternal conditions included in the model

1.2.5.3.2 Neonatal disability weights

As opposed to applying a disability weight to all neonates who experience a condition in the
model, the probability of neurodevelopmental impairment is applied to any neonates who
survive the neonatal period (i.e., the first 28 days of life) and have experienced one of the
modelled conditions. This decision was made as the probabilities of impairment for each
condition were sourced from studies evaluating impairment only in survivors of the first 28

days.

For example, all preterm neonates who survive to 28 days of life are at risk of developing

mild motor impairment, mild motor and cognitive impairment, moderate motor impairment

or severe motor impairment secondary to their prematurity. ‘Type’ of impairment is stored
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as a categorical variable which signifies the relevant disability weight should be assigned to
that neonate for a given month. Currently it is assumed that impairment is life-long meaning
the disability weight associated with a specific level of impairment remains with the

newborn for the remainder of their life in the simulation contributing to DALYs.

Table S13 contains disability weights for neonatal conditions in the model alongside the
probability that a specific type of impairment will occur if the preceding condition has been
experienced by that neonate. Table S14 contains details on parameters representing said

probabilities.
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Model condition causing
impairment

GBD Sequalae

Parameter representing probability of impairment following
condition (Probability)

Disability weight

Prematurity (<32 weeks
GA)

“Mild motor impairment due to neonatal prob_mild_disability_preterm_<32weeks* 0.01
preterm birth complications 28-32wks” (0.324) (0.005, 0.01)
“Mild motor plus cognitive impairments due to prob_mild_disability_preterm_<32weeks* 0.031

neonatal preterm birth complications 28-32wks” | (0.324) (0.018, 0.05)
“Moderate motor impairment due to neonatal prob_mod_severe_disability_preterm _<32weeks* 0.06
preterm birth complications 28-32wks” (0.246) (0.04, 0.089)
“Severe motor impairment due to neonatal prob_mod_severe_disability_preterm _<32weeks* 0.4029

preterm birth complications 28-32wks”

(0.246)

(0.268, 0.545)

Prematurity (32-36 weeks
GA)
Prematurity

“Mild motor impairment due to neonatal
preterm birth complications 32-36wks”

prob_mild_disability_preterm_32_36weeks*
(0.034))

0.01
(0.005, 0.01)

“Mild motor plus cognitive impairments due to

prob_mild_disability_preterm_32_36weeks*

0.031

neonatal preterm birth complications 32-36wks” | (0.034)) (0.018, 0.05)
“Moderate motor impairment due to neonatal prob_mod_severe_disability_preterm_32_36weeks* 0.06
preterm birth complications 32-36wks” (0.018)) (0.04, 0.089)
“Severe motor impairment due to neonatal prob_mod_severe_disability_preterm_32_36weeks* 0.4029

preterm birth complications 32-36wks”

(0.018))

(0.268, 0.545)
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Retinopathy of
prematurity

“Mild vision impairment due to retinopathy of
prematurity”

prob_retinopathy_severity_no_treatment
(0.03)

0.003
(0.001, 0.007)

“Moderate vision impairment due to retinopathy
of prematurity”

prob_retinopathy_severity_no_treatment
(0.1)

0.031
(0.019, 0.049)

“Severe vision impairment due to retinopathy of | prob_retinopathy_severity_no_treatment 0.184
prematurity” (0.12) (0.125, 0.258)
“Blindness due to retinopathy of prematurity” prob_retinopathy_severity_no_treatment 0.187

(0.47)

(0.124, 0.26)

Neonatal encephalopathy

“Mild motor impairment due to neonatal
encephalopathy due to birth asphyxia and
trauma”

prob_mild_impairment_post_enceph*
(0.21)

0.01
(0.005, 0.019)

“Mild motor plus cognitive impairments due to
neonatal encephalopathy due to birth asphyxia
and trauma”

prob_mild_impairment_post_enceph*
(0.21)

0.031
(0.018, 0.05)

“Moderate motor impairment due to neonatal
encephalopathy due to birth asphyxia and
trauma”

prob_mod_severe_impairment_post_enceph*
(0.269)

0.061
(0.04, 0.089)

“Severe motor impairment due to neonatal
encephalopathy due to birth asphyxia and
trauma”

prob_mod_severe_impairment_post_enceph*
(0.269)

0.402
(0.268, 0.545)
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Neonatal sepsis

“Mild motor impairment due to neonatal sepsis
and other neonatal infections”

prob_mild_impairment_post_sepsis*
(0.12)

0.01
(0.005, 0.019)

“Mild motor plus cognitive impairments due to
neonatal sepsis and other neonatal infections

prob_mild_impairment_post_sepsis*
(0.12)

0.031
(0.018, 0.05)

“Moderate motor impairment due to neonatal
sepsis and other neonatal infections”

prob_mod_severe_impairment_post_sepsis*
(0.23)

0.061
(0.04, 0.089)

“Severe motor impairment due to neonatal
sepsis and other neonatal infections”

prob_mod_severe_impairment_post_sepsis*
(0.23)

0.402
(0.268, 0.545)

(*See Table S13 for detailed description on these parameters — source data does not differentiate between mild motor impairment +/- cognitive impairment or between
moderate and severe impairment. As such, a probability of any mild or moderate/severe impairment is applied and random draw determines final weight.)

Table S13 — Disability weights for neonatal conditions included in the model
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Parameter name Description Value | Data source and/or relevant calculations
prob_mild_disability_preterm_<32weeks The probability that a preterm 0.324 | We were unable to identify a data source from Malawi which
neonate born before 32 weeks GA reported disability status in preterm infants which
who survives the first 28 days of life corresponded to the appropriate disability weights.
will experience mild impairment Therefore, this value is sourced directly from Blencowe et al
(15) who estimate impairment in this population through a
systematic review and meta-analysis of relevant studies.
prob_mod_severe_disability_preterm_<32weeks The probability that a preterm 0.246 | See prob_mild_disability_preterm_<32weeks.
neonate born before 32 weeks GA
who survives the first 28 days of life
will experience moderate or severe
impairment
Ppob_mild_disability_preterm_32_36weeks The probability that a preterm 0.034 | See prob_mild_disability_preterm_<32weeks.
neonate born between 32- and 36-
weeks GA who survives the first 28
days of life will experience mild
impairment
prob_mod_severe_disability_preterm_32_36weeks | The probability that a preterm 0.018 | See prob_mild_disability_preterm_<32weeks.

neonate born between 32- and 36-
weeks GA who survives the first 28
days of life will experience moderate
or severe impairment
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prob_retinopathy_severity_no_treatment A list of probabilities used in a [0.28, | We were unable to identify a data source from Malawi which
probability weighted random draw 0.03, reported the prevalence of disability due to retinopathy of
determining if neonate who is 0.1, prematurity (ROP). As such these values are sourced directly
experiencing retinopathy of 0.12, | from Blencowe et al. (16) in which the authors estimate the
prematurity will experience no 0.47] | proportion of neonates with ROP who experience visual
lifelong visual impairment or impairment through a systematic review and meta-analysis of
impairment that is mild, moderate, published estimates.
severe or blindness

prob_mild_impairment_post_enceph The probability that a neonate with 0.21 We were unable to identify a data source from Malawi which
neonatal encephalopathy who reported the prevalence of disability due to neonatal
survives the first 28 days of life will encephalopathy. As such these values are sourced directly
experience life-long mild motor from Lee et al. (17) who estimate impairment in this
impairment population through a systematic review and meta-analysis of

relevant studies.

prob_mod_severe_impairment_post_enceph The probability that a neonate with 0.269 | See prob_mild_impairment_post_enceph.
neonatal encephalopathy who
survives the first 28 days of life will
experience life-long moderate or
severe motor impairment

prob_mild_impairment_post_sepsis The probability that a neonate with 0.12 We were unable to identify a data source from Malawi which

sepsis who survives the first 28 days
of life will experience life-long mild
impairment

reported the prevalence of disability due to neonatal sepsis.
As such these values are sourced directly from Seale et al.
(18) who estimated the proportion of survivors of neonatal
meningitis who experience either mild or moderate/severe
neurodevelopmental impairment via a systematic review and
meta-analysis. Due to lacking data the authors could not
estimate impairment for neonatal sepsis therefore the
meningitis estimates are used here as a proxy.
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prob_mod_severe_impairment_post_sepsis

The probability that a neonate with
sepsis who survives the first 28 days
of life will experience life-long
moderate or severe impairment

0.23

See prob_mild_impairment_post_sepsis.

Table S14 — Parameters representing the probability of impairment in neonates who experience modelled conditions
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2 — Healthcare modelling

In this section the representation of healthcare within the MPHM is described by first
providing an overview of which services are modelled, followed by a detailed description of
how care seeking, and intervention delivery are structured. Whilst all interventions are
introduced in this section, we have opted to provide further detail on how interventions

impact specific health conditions within the relevant descriptions in §3.

2.1 Overview of modelled healthcare

Figure 1 in the accompanying manuscript, the diagrammatic representation of the MPHM,
shows the main interactions between an individual and the healthcare system included in
the model. As with the epidemiological and obstetric processes described thus far, the
modelling of maternal and perinatal healthcare has been designed to represent maternity
service delivery in Malawi. Therefore, the model includes antenatal, intrapartum, and
postpartum care in addition to treatment for women facing complications associated with

abortion or ectopic pregnancy.

In Figures S3 and S4 below the healthcare available to mothers and newborns within the
MPHM is summarised. Within the TLO model healthcare is delivered to individuals via
discrete Health System Interactions (HSls), which have two key properties; the facility level
at which the event can occur and the amount of healthcare worker (HCW) time required to

deliver this instance of care.
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Care for women during pregnancy...

Antenatal Health System

Interactions

Healthcare following pregnancy loss*

First ANC contact
Facility level: 1a
HCW time required (mins):

-- Nursing/Midwifery: 12.75
-- Pharmacy: 0.4

Inpatient antenatal care

Facility level: 1b

For admission:

-- Clinical: 42

-- Nursing/Midwifery: 33
-- Pharmacy: 10

Subsequent ANC contacts

2-8
Facility level: 1a
HCW time required (mins):

-- Nursing/Midwifery: 11
-- Pharmacy: 0.4

Per inpatient day:

-- Clinical: 16

-- Nursing/Midwifery: 33
-- Pharmacy: 5.5

HCW time required (mins):

Post abortion care
Facility level: 1b
HCW time required (mins):

For admission:

-- Clinical: 42

-- Nursing/Midwifery: 33
-- Pharmacy: 10

Per inpatient day:

-- Clinical: 16

-- Nursing/Midwifery: 33
-- Pharmacy: 5.5

ECtOQiC pregnancy case
management

Facility level: 1b
HCW time required (mins):

For the intervention:

-- Clinical: 96

-- Nursing/Midwifery: 96
-- Pharmacy: 4

Per inpatient day:

-- Clinical: 16 mins

-- Nursing/Midwifery: 33
-- Pharmacy: 5.5

*(These conditions and the assoicated healthcare are
fully described in the appendix)

Intrapartum Health System
Interactions

Facility delivery
Facility level: 1a or 1b or 2
HCW time required (mins):

For an uncomplicated delivery (1a/1b/2):
--Clinical: 18/36/60
--Nursing/Midwifery: 132/144/156
--Pharmacy: 5/2.5/2

For a complicated delivery (1a/1b/2):
--Clinical: 16/30/120
--Nursing/Midwifery: 37/72/66
--Pharmacy: 2.5/2.5/2.5

Facility levels key:

' 1a = Health centre

: 1b = Community/rural hospital

+ 2 = District hospital

CEmMONC interventions (intrapartum)
Facility level: 1b or 2
HCW time required (mins):

If a Caesarean section performed (1b/2):

--Clinical: 60/60
--Nursing/Midwifery: 81/81
--Pharmacy: 10/10

If surgery other than caesarean section performed (1b/2):

--Clinical: 96/360
--Nursing/Midwifery: 96/180
--Pharmacy: 4/4

Per inpatient day (1b/2):
--Clinical: 16/13
--Nursing/Midwifery: 33/36
--Pharmacy: 5.5/5

Figure S3 — Summary of modelled antenatal and intrapartum health system interactions
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Postnatal Health System
Interactions

Facility levels key:

1a = Health centre !
+ 1b = Community/rural hospital :
+ 2 = District hospital

Postnatal care (maternal

Facility level: 1a or 1b or 2

HCW time required (mins):
--Clinical: 27/27/33

--Nursing/Midwifery: 18/18/10
--Pharmacy: 9.45/11.2/11.9

Postnatal care (neonatal)

Facility level: 1a or 1b or 2
HCW time required (mins):
--Clinical: 13/32/28

--Nursing/Midwifery: 6.7/21/16
--Pharmacy: 5.5/5/6

Inpatient postnatal care (maternal
Facility level: 1b or 2
HCW time required (mins):

For admission (1b/2):

-- Clinical: 42/42

-- Nursing/Midwifery: 33/39
-- Pharmacy: 10/9.5

Per inpatient day (1b/2):

-- Clinical: 16/13

-- Nursing/Midwifery: 33/39
-- Pharmacy: 5.5/5

Inpatient postnatal care (neonatal
Facility level: 1b or 2
HCW time required (mins):

For admission (1b/2):

-- Clinical: 42/42

-- Nursing/Midwifery: 33/39
-- Pharmacy: 10/9.5

Per inpatient day (1b/2):

-- Clinical: 16/13

-- Nursing/Midwifery: 33/39
-- Pharmacy: 5.5/5

CEmONC interventions (postnatal
Facility level: 1b or 2
HCW time required (mins):

If surgery is performed (1b/2):
--Clinical: 96/360
--Nursing/Midwifery: 96/180
--Pharmacy: 4/4

Per inpatient day(1b/2):
--Clinical: 16/13
--Nursing/Midwifery: 33/36
--Pharmacy: 5.5/5

Obstetric fistula case management*

Facility level: 1b
HCW time required (mins):
--Clinical: 96

--Nursing/Midwifery: 96
--Pharmacy: 4

*(This condition and the assoicated
healthcare is fully described in the
appendix)

Figure S4 — Summary of the modelled postnatal health system interactions
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Of note, the HCW time requirements disaggregated by cadre and facility level presented in
Figures S3 and S4 are defined by the healthcare system model and have been sourced
directly from the Malawi Human Resources for Health Strategic Plan 2018-2022 (19). As
such these values are not parameters of the MPHM and have been defined externally.
Reasons for observed variation in HCW time requirements by facility level is currently not
recorded in the data set but is assumed to be a product of the greater acuity of cases
clustered at higher facility levels. For example, for the HSI “facility delivery’ the HCW time
requirement appears to increase with facility level suggesting that more time intensive

deliveries are concentrated at higher facility levels.

Table 5 in the accompanying manuscript lists all the modelled interventions included within
the MPHM, by |, including how EmONC signal functions are represented. Additional detail
(consumables required, effect on outcomes) of each intervention is provided throughout

this section.

2.2 Modelling the ‘Three Delays’

Thaddeus and Maine’s (20) seminal paper examining factors contributing to maternal
mortality in low-and-middle income settings (LMIC) contexts identified three ‘delays’ which
exacerbate poor outcomes for women following obstetric complications; delay in deciding
to seek care, delay in reaching care and delay in receiving treatment within a facility. We
have sought to explicitly model these delays within the framework as evidence suggests that
all three delays have been reported as an important predictive factor for poor maternal

outcomes within Malawi (21,22).

2.2.1 Delays one and two
In the model, it is assumed that individuals who seek care for the following reasons may be
delayed in reaching a health facility (i.e., either delay one or delay two), which may

reasonably affect the outcome of their treatment:

1.) Following complications of pregnancy loss (i.e., abortion or ectopic pregnancy)
2.) Following emergency obstetric complications in the antenatal period

3.) Following the onset of labour
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4.) Following emergency obstetric complications in the postnatal period

5.) Following emergency neonatal complications in the neonatal period

Emergency complications, in this context, refer to any which are modelled as being
potentially fatal and are assumed to trigger possible care seeking as described in the
respective descriptions in §3. Care seeking for routine antenatal and postnatal care is not

assumed to be affected by this type of delay.

For simplicity and due to limited available data, a single parameter represents the
probability of a delay in reaching a health facility, prob_delay_one_two_fd (Table S15). This
parameter is representative of both the first and second delay as travel from home to

facility is not explicitly modelled in the framework.

Parameter Name Description Value | Data source and/or relevant
calculations
prob_delay_one_two_fd The probability that an 0.363 | We were unable to find a study
individual seeking from Malawi estimating the
emergency care in the proportion of women who are
antenatal or postnatal delayed in seeking obstetric care.
period or seeking care This value is taken from Tiruneh
following the onset of et al. (23) who conducted an
labour will experience a institutional-based cross sectional
delay in attending a facility study reporting the proportion of
for treatment postpartum women who were
delayed in deciding to seek
emergency obstetric care for
institutional delivery in a study
conducted in Ethiopia.

Table S15 — Parameter representing delay in healthcare seeking

2.2.2 Delay three
Additionally, Thaddeus and Maine’s third delay (20) is also modelled in which delivery of
care is delayed within a health facility. Mechanistically this logic utilises a parameter of the

TLO health system model called the squeeze factor (SF). The SF is calculated for each HSI
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event that is executed within a simulation run using the fractional over-demand among the
HCW cadres who are required to deliver said event, as stored in the appointment footprint.
The SF is therefore calculated as the required HCW time divided by available time, for a
given day in the simulation, minus one. This leads to a SF of less than 0 when required time
is less than available time, an SF of 0 when required time is equal to available time, and an
SF of greater than 0 when required time is greater than available time. As opposed to using
the SF to determine if the event will or will not run, it is assumed that when the SF exceeds a

pre- specified threshold that intervention delivery is delayed as shown in Table S16.
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Parameter Name Description Value* | Data source and/or relevant calculations
squeeze_threshold_for_delay_three_an The squeeze factor value over which an To determine this value the model was run over one
individual receiving treatment during antenatal 3 year and the squeeze factor extracted for each of the

inpatient care will experience delayed care

squeeze_threshold_for_delay_three_bemonc

The squeeze factor value over which an
individual receiving initial intrapartum care will
experience delayed care

squeeze_threshold_for_delay_three_cemonc

The squeeze factor value over which an
individual receiving comprehensive intrapartum
or postpartum care will experience delayed
care

squeeze_threshold_for_delay_three_pn

The squeeze factor value over which an
individual receiving emergency postnatal care
will experience delayed care

relevant HSIs. The median value across the squeeze
factors was determined in the model’s current state and
was approximately 3 across the events. This value was
selected for the parameter meaning approximately 50%
of women receiving care would experience a delay.
Whilst we were unable to estimate the proportion of
women who experience delay three in Malawi evidence
supports that in many contextually similar settings,
delay three is high (22,24-26).

*The same value is used for all parameters listed here

Table S16 — Parameters representing ‘squeeze factor thresholds’ for the modelled health system interactions
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2.2.3 Applying the effect of the three delays

Whilst there is evidence from Malawi which attributes delays in care to increased likelihood

of poor maternal outcomes including death (22,24-26), we were unable to identify any

studies from the county which quantified this relationship. Additionally, whilst several

recent facility-based studies conducted in Ethiopia report the effect of various delays to

healthcare on severe maternal outcomes there is significant variation on the possible size of

effect and how each delay is defined (27—-30). Because we feel representation of this effect

is Important, we have opted to include the effect of delays on treatment effectiveness

within the model by assuming that experiencing either delay 1, 2 or 3 will reduce the effect

by 25%, and experiencing all delays will reduce the effect by 50%. This effect applied as:

AdjustedTE = 1 — ((1 — TE) » TE_modifier)

(5)

Where AdjustedTE is the treatment effect after adjustment for delays in care, TE is the

unadjusted treatment effect and TE_modifier is the effect of delay on the treatment effect.

In Table S17 treatment_effect_modifier_one_delay and

treatment_effect_modifier_all_delays are the effect of experiencing one or multiple delays

on the treatment effect respectively.

_all_delays

having experienced all three
delays in receiving care on
the effectiveness of
treatment for a given
condition

Parameter Name Description Value | Data source and/or relevant
calculations
treatment_effect_modifier | The effect of a mother 0.75 This parameter value is an
_one_delay having experienced delay in assumption. See §2.2.3 for how
receiving care on the this effect is applied to reduce the
effectiveness of treatment total effectiveness of a treatment
for a given condition by 25%.
treatment_effect_modifier | The effect of a mother 0.5 This parameter value is an

assumption. See §2.2.3 for how
this effect is applied to reduce the
total effectiveness of a treatment
by 50%.

Table S17 — Parameters representing the effect of delayed care on treatment effectiveness
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2.3 Modelling the Emergency Obstetric and Newborn Care signal functions

In Malawi, EmMONC interventions are available to mothers and neonates as part of the case
management of common conditions (e.g., uterotonic drug administration is one part of the
treatment cascade for postpartum haemorrhage according to Malawian guidelines (31,32).
In recent years, two national facility-based assessments of the availability and quality of
EmONC signal functions have been conducted in Malawi (33,34) which have been used to
develop the model related to the availability of these interventions to mothers and

newborns.

2.3.1 Quality of EMONC interventions

For interventions in the model which are classified as Emergency Obstetric and Newborn
Care (EmONC) signal functions, replication of the assumed quality of care experienced by
mothers in Malawi is achieved by conditioning intervention delivery on the result a random

draw against the output of the following equation:

P(Intervention) = P(hcw_availabile) ., * mean_hcw_competence gr) * [[ciw
(6)

Here P(Intervention) is the probability of intervention delivery and P(hcw_available) is the
probability that a HCW trained in delivery of the Basic/Comprehensive EmMONC intervention
(int), is available to deliver the intervention. These intervention specific probabilities were
extracted from national survey data in Malawi capturing the availability of B/CEmONC
services (33) as described further in Table S18. Currently there is no modelled relationship
between HCW time requirements for the delivery of a given HSI and P(hcw_available)(int),
as the latter is an average probability that a HCW trained to deliver a given EmONC

intervention is available in a facility.

Next mean_hcw_competencerr) is the probability that a HCW at facility type, identifies the
need for an intervention to be delivered, parameters mean_hcw_competence_hc and
mean_hcw_competence_hp are the probabilities for either a health centre or hospital.
Finally, []cic is the probability that all required consumables for intervention delivery are
available at the facility level of interest for a given time, where ci(t) represents the

availability of the i" consumable c at the facility level for time t. Consumables deemed both
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essential and optional for the delivery of an intervention were identified using Malawian
guidelines and are listed in the following section. Only the availability of essential

consumables affects the probability of intervention delivery.
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Parameter Name Description Value Source and/or relevant calculations
prob_hcw_avail_iv_abx The probability that a HCW trained to deliver 0.99 The value for this parameter was taken directly from the
intravenous antibiotic therapy will be available Malawian BEmONC survey 2015 (33). The authors have
within a given | estimated the average percentage availability of HCWs who
were trained to deliver this intervention. This percentage has
been used as a probability that HCWs are available to deliver
the given intervention on the day care is delivered.
prob_hcw_avail_anticonvulsant The probability that a HCW trained to deliver 0.93 See prob_hcw_avail_iv_abx.
anticonvulsant therapy will be available within a
given |
prob_hcw_avail_retained_prod The probability that a HCW trained to undertake 0.49 See prob_hcw_avail_iv_abx.
removal of retained products of conception be
available within a given |
prob_hcw_avail_avd The probability that a HCW trained to undertake 0.46 See prob_hcw_avail_iv_abx.
AVD will be available within a given |
prob_hcw_avail_uterotonic The probability that a HCW trained to deliver 0.99 See prob_hcw_avail_iv_abx.
uterotonic therapy will be available within a
given |
prob_hcw_avail_man_r_placenta The probability that a HCW trained to deliver 0.82 See prob_hcw_avail_iv_abx.

manual removal of retained placenta will be
available within a given |
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Parameter Name Description Value Source and/or relevant calculations
prob_hcw_avail_neo_resus The probability that a HCW trained to deliver 0.98 See prob_hcw_avail_iv_abx.
neonatal resuscitation will be available within a
given |
prob_hcw_avail_surg The probability that a HCW trained to undertake 0.74 See prob_hcw_avail_iv_abx.
obstetric surgery be available within a given |
prob_hcw_avail_blood_tran The probability that a HCW trained to deliver 0.86 See prob_hcw_avail_iv_abx.
blood transfusion therapy will be available within
agiven |
mean_hcw_competence_hc The probability that a HCW providing care for a 0.602 This value is taken from a study by Arsenault et al. (35)
woman in a health centre will correctly identify in which the authors analysed data from direct observation
the need for treatment of a given condition. of 474 deliveries in Malawi. The authors report the mean
score across several indicators relating to quality of care
which has been used here as a proxy for overall intervention
quality.
mean_hcw_competence_hp The probability that a HCW providing care for a 0.662 See mean_hcw_competence_hc.

woman in a hospital will correctly identify the
need for treatment of a given condition

Table S18 — Parameters related to quality of B/CEmONC interventions delivered during inpatient care
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In the following sections we provide a detailed overview of how antenatal, intrapartum, and
postpartum maternity services are represented in the model including care seeking and

intervention characteristics (e.g., effects and required consumables).

2.4 Antenatal healthcare
In the MPHM, healthcare in the antenatal period consists of treatment of complications
associated with pregnancy loss (e.g., post abortion care), routine ANC and inpatient care for

pregnant women experiencing antenatal emergencies.

2.4.1 Post abortion care

Risk of pregnancy loss secondary to induced or spontaneous abortion is applied monthly to
all pregnant women as shown in Figure S1 and described further in §4. Any women who
experience complications following an induced or spontaneous abortion may seek
healthcare, with the parameter prob_seek_care_pregnancy_loss (Table S19) representing
the probability that post abortion care (PAC) will be sought prior to risk of death being
applied. The value is taken from a study conducted by Chinkhumba et al. (36) investigating
the effect of a result-based financing policy of financial and time costs associated with
obstetric emergencies in Malawi. The authors report the proportion of women experiencing
obstetric complications who sought care during the pre-intervention baseline which has

been used here to represent probability of care seeking.

Parameter Name Description Value | Source and/or relevant
calculation
prob_seek_care_pregnancy_loss | The probability that a woman 0.782 | Sourced directly from
experiencing complications Chinkhumba et al. (36)

following a spontaneous or
induced abortion or ruptured
ectopic pregnancy will seek
emergency care.

Table 519 — Parameter for care seeking following abortion.

The recommended treatment for complications of abortion in Malawi is defined in the most

recent clinical guidelines from which the treatment cascade applied within the model and

65



the required consumables have been sourced (32). Consumables used to treat post-abortion
complications vary according by presenting complications as detailed in Table S20 below.
Importantly, it is assumed that treatment is equally effective in reducing risk of death in all

cases of complicated abortion regardless of ‘type’ of abortion complication present at time

of treatment.
Healthcare Required and optional consumables Modelled effect and source
interaction
Post abortion For all PAC cases... If delivered, PAC reduces the risk of
care (PAC) Required: Misoprostol 200mcg death associated with complications of

induced or spontaneous abortion (RR
Optional: Complete blood count, Blood 0.2 (37)).

collecting tube, Disposables gloves,
Paracetamol, Pethidine, 50 mg/ml, 2 ml
ampoule

In addition, for septic PAC cases...
Required: Benzylpenicillin 3g (5 MU),
Gentamycin 40 mg/ml in 2 ml vial

Optional: Sodium chloride 0.9% 500 ml,
intravenous (V) cannula, Disposables gloves,
IV giving set, Oxygen

In addition, for haemorrhagic PAC cases...
Required Blood, one unit (x2)

Optional: IV cannula, Disposables gloves, IV
giving set

In addition, for PAC cases complicated by
injury...

Required: Sodium chloride 0.9% 500 ml,
Oxygen

Optional: IV cannula, Disposables gloves, IV
giving set

Table S20 — Details of Post Abortion Care (PAC) health system interaction within the MPHM
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2.4.2 Ectopic pregnancy case management

Similarly, to PAC, ectopic pregnancy case management in Malawi is defined in the most
recent guidelines from which the treatment cascade in the model and the required
consumables have been sourced (32). Women with an ectopic pregnancy may seek care
prior to or post rupture of the fallopian tube, which alters the treatment effect as shown in

Table S21 below. Treatment is described in further detail in §3.

Treatment Logged consumables Modelled effect and source

Ectopic pregnancy Required: Halothane (fluothane), If delivered pre-rupture, treatment prevents

case management rupture and averts the application of the risk
Optional: Scalpel blade, Sodium of death.

chloride 0.9% 500 ml, Paracetamol,
Pethidine 50 mg/ml 2 ml ampoule, | If delivered post-rupture, then treatment
Suture pack, Gauze, IV cannula, IV reduces risk of death secondary to ectopic
giving set, Disposables gloves pregnancy (relative risk (RR) 0.1 (37)).

Table S21 — Details of ectopic pregnancy case management health system interaction within the
MPHM
2.4.3 Routine antenatal care
Modelling of routine ANC within the MPHM was developed to replicate current service
delivery in Malawi as outlined in recent guidelines documents (38,39). Therefore, in the
model, an eight-contact ANC schedule was developed allowing women to receive routine
care at the recommended GA in-line with these guidelines. The recommended scheduling

for ANC in Malawi is shown below in Table S22.
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ANC Recommended GA at
contact attendance
1 Up to 12 weeks

20 weeks
26 weeks

30 weeks

36 weeks

2

3

4

5 34 weeks
6

7 38 weeks
8

40 weeks

Table S22 — WHO 2016 ANC schedule by recommended gestational age at attendance

2.4.3.1 Care seeking

Care seeking for ANC has been designed to allow for calibration to recent estimates of
coverage of ANC and timing of first ANC appointment by GA. Figure S5 provides a detailed
overview of how ANC care seeking is simulated within the model with all relevant

parameters depicted described in Table S23.
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Figure S5 — Care seeking for routine ANC within the model
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As shown in Figure S5, at 8 weeks GA women are categorised into five groups: (i) will attend
four or more ANC contacts with the first visit before month five of pregnancy, (ii) will attend
four or more ANC contacts with the first visit after month five of pregnancy, (iii) will attend
less than four ANC contacts with the first visits before five months gestation, (iv) will attend
less than four ANC contacts with the first visits after five months gestation and (v) will not

attend ANC.

As evident from these groupings, we have opted to focus on replicating the coverage of four
or more ANC visits (ANC4+), as reported in the most recent DHS surveys conducted in
Malawi (11,12) within the model. This choice was made because following implementation
of the 2016 WHO ANC guidelines there have been no population level surveys capturing
ANC attendance in Malawi, and whilst ANC attendance is captured in the DHIS2 system
there are significant issues with data completeness. ANC4+ coverage in these surveys
therefore represents the proportion of women who attended the recommended number of
visits under the current policy recommendation during their previous pregnancy at the time
of survey collection. Importantly, contemporary global maternal and newborn strategies,
including the Ending Preventable Maternal Mortality and Every Newborn Action Plan targets

focus on coverage targets for coverage of ANC4+.

The probability of categorisation into group () Is calculated from a logistic regression model
developed using data from the Malawi DHS datasets between 2004-2016, by colleagues
working on the TLO project including me, to explore the effect of sociodemographic
variables on ANC4+ attendance (40). Ng’ambi et al. (40) use a composite binary dependent
variable representing women who have attended ANC4+ in their last pregnancy with the
first visit being before the fifth month. The dependent variable is considered as a proxy for
‘perfect” ANC attendance as at the time of data collection as all women were recommended
to attend at least four visits, with the first visit occurring between 12 and 17 weeks in
keeping with Focused ANC guidelines in Malawi (40,41). The parameters for this regression

model are shown in Table S23 below.

As demonstrated in Figure S5, the results from the logistic regression model, converted to a

probability, and the parameters prob_late_initiation_anc4 and
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prob_early_initiation_anc_below4 (Table S23) are used to further categorise individuals.
Dependent on categorisation, the first ANC contact is scheduled to occur on a random date
within a selected month of pregnancy which is determined using probability weighted
random draws with values from parameter prob_ancl_months_2_to_4 and

prob_ancl_months_5_to_9.

Before the interventions within an ANC contact can be delivered, the SF of the HSI is
calculated and used to determine if the squeeze for a given ANC contact is too high for the
event to run and if the event should be rescheduled for the next day. If the SF is too high for
seven consecutive events the ANC contact never runs. The SF threshold,

squeeze_factor_threshold_anc, is shown below in Table S23.

If the ANC HSI runs it will determine if the next contact should be scheduled. Women who
are predicted to attend a minimum of four visits automatically are scheduled the next event
in the sequence until they reach the fourth contact (Figure S5). The process repeats with
every ANC contact that runs for an individual. It is assumed that all women who present for
ANC1 (and choose to return for ANC2) will be scheduled their next contact dependent on
their GA at presentation to ANC1, in keeping with the recommended ANC schedule (Table
S22). For example, if a woman presents for ANC1 at 27 weeks, she will be booked to return

at 30 weeks, the nearest next visit in the schedule.
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Parameter Name Description Value* Source and/or relevant calculations
odds_early_init_anc4 This parameter is scaled at intialisation of the 0.32/0.58 The model has been calibrated to replicate the
simulation. The values shown here represents coverage of early ANC4+ as reported by Ng’ambi et
the known ‘target’ odds of a pregnant woman al. (40) as 24% in 2010 and 36% in 2015. The ‘target’
attending four or more ANC visits, with the odds were calculated as coverage / (1-coverage)
first visit being prior to the fifth month of leading to these values. If required, manipulation of
pregnancy (early ANC4+) the population for these values occurred during the process of
2010 and 2015. calibration, with further detail on ANC calibration is
provided in §4
Once scaled, as the simulation runs this
parameter is the odds of early ANC4+ for a
woman who is younger than 20, nulliparous
or primiparous, has received no formal
education or only primary education and is
not in the richest wealth quintile.
The parameters below starting with
“aor_early_anc4” refer to the effect on the
odds of attending early ANC4+
aor_early_anc4_20_24 The effect of a pregnant woman’s age being 1.26 See odds_early_init_anc4.
20-24 years compared to 15-19 years
aor_early_anc4_25_29 The effect of a pregnant woman’s age being 1.44 See odds_early_init_anc4.
25-29 years compared to 15-19 years
aor_early_anc4_30_34 The effect of a pregnant woman’s age being 1.49 See odds_early_init_anc4.

30-34 years compared to 15-19 years
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Parameter Name Description Value* Source and/or relevant calculations

aor_early_anc4_35_39 The effect of a pregnant woman’s age being 1.64 See odds_early_init_anc4.
35-39 years compared to 15-19 years

aor_early_anc4_40_44 The effect of a pregnant woman’s age being 1.51 See odds_early_init_anc4.
40-44 years compared to 15-19 years

aor_early_anc4_45_49 The effect of a pregnant woman’s age being 1.91 See odds_early_init_anc4.
45-49 years compared to 15-19 years

aor_early_anc4_2010 The effect of the year being earlier than 2015 1.51 See odds_early_init_anc4.

aor_early_anc4_2015 The effect of the year being later than 2015 2.03 See odds_early_init_anc4.

aor_early_anc4_parity_2_3 The effect of a pregnant woman having 0.74 See odds_early_init_anc4.
previously delivered 2-3 previous times
compared to delivering once or less

aor_early_anc4_parity_4_5 The effect of a pregnant woman having 0.65 See odds_early_init_anc4.
previous delivered 4-5 previous times
compared to delivering once or less

aor_early_anc4_parity_6+ The effect of a pregnant woman having 0.61 See odds_early_init_anc4.
previous delivered 6 or more previous times
compared to delivering once or less

aor_early_anc4_secondary_edu The effect of a pregnant woman having 1.24 See odds_early_init_anc4.

received secondary education compared to
no education
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Parameter Name Description Value* Source and/or relevant calculations
aor_early_anc4_tertiary_edu The effect of a pregnant woman having 2.64 See odds_early_init_anc4.
received tertiary education compared to no
education
aor_early_anc4_richest_wealth The effect of a pregnant woman being in the 1.32 See odds_early_init_anc4.
richest wealth quintile compared to the
poorest
prob_late_initiation_anc4 The probability that a woman who will not 0.3/0.29 This parameter was derived from calibration to the
attend early ANC4+ will attend four or more total proportion of women attending four or more
ANC visits with the first visit occurring during ANC visits regardless of timing of initiation sourced
or after 5 months of pregnancy. from the Malawi DHS (11,12).
prob_early_initiation_anc_below4 | The probability that a woman who will not 0.115/0.101 See prob_late_initiation_anc4. This parameter was

attend four or more ANC visit will attend her
first visit within the first five months of
pregnancy.

derived from calibration to proportion of women
attending less than four ANC visits and timing of first
ANC visit (11,12).

prob_ancl_months_2_to_4

A list of probabilities used in a probability
weighted random draw determining if a
woman’s first ANC contact will occur in
month 2, 3 or 4 of pregnancy.

[0.165, 0.165, 0.67]

/
[0.165, 0.364, 0.471]

The 2010 and 2015 DHS surveys in Malawi (11,12).
Report the timing of first ANC visit by month of
pregnancy. We have aimed to replicate this in the
model and as such these parameters are derived
through calibration to the proportion of first ANC
visits by GA in the respective surveys.
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Parameter Name

Description

Value*

Source and/or relevant calculations

prob_ancl_months_5_to_9

A list of probabilities used in a probability
weighted random draw determining if a
woman'’s first ANC contact will occur in
month 5, 6, 7, 8, 9 of pregnancy or not at all.

[0.345, 0.245, 0.28,
0.015, 0.015, 0.1]
/
[0.41,0.25,0.21,
0.015, 0.015, 0.1]

See prob_ancl_months_2_to_4.

prob_seek_anc2 The probability that a woman who attends 0.98 The 2015 DHS survey (11) reports the total number
her first ANC contact, and is not predicted to of ANC visits attended by women during their last
attend early ANC4+, will return for a second pregnancy. These parameters have been derived
contact. through calibration to the proportion of women by
visit number.
prob_seek_anc3 The probability that a woman who attends 0.55 See prob_seek_anc2
her second ANC contact, and is not predicted
to attend early ANC4+, will return for a third
contact.
prob_seek_anc5 The probability that a woman who attends 0.125 See prob_seek_anc2. The 2015 DHS survey provides
her fourth ANC contact will return for a fifth the proportion of women who received 0, 1, 2, 3 or
contact. 4+ visits during their last pregnancy (11). As this
survey was conducted prior to the initiation of the
2016 WHO 8-contact recommendation it is assumed
a small proportion of women receive more ANC
contacts than four.
prob_seek_ancé The probability that a woman who attends 0.0625 See prob_seek_anc2, prob_seek_anc5

her fifth ANC contact will return for a sixth
contact.
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Parameter Name Description Value* Source and/or relevant calculations

prob_seek_anc7 The probability that a woman who attends 0.03125 See prob_seek_anc2, prob_seek_anc5
her sixth ANC contact will return for a
seventh contact.

prob_seek_anc8 The probability that a woman who attends 0.03125 See prob_seek_anc2, prob_seek_anc5
her seventh ANC contact will return for an
eighth contact.

squeeze_factor_threshold_anc The squeeze factor value over which an ANC 3 See Table S15.
HSI will not run and will be rescheduled for an
individual attempting to receive ANC who will
return the next day to receive treatment.

* Where two values (or sets of values) are provided the first set is applied from 2010-2014 and the second set from 2015 onwards for a given simulation run (§1.2.1.1)

Table S23- Parameters relating to care seeking for ANC

76




2.4.3.2 Intervention delivery and quality of care

Interventions are delivered to individuals who receive ANC according to the number of visits
they have previously attended. The schedule of interventions by ANC contact number is
presented in Table S24 and was developed from the Malawian ANC intervention matrix
provided by colleagues at the Reproductive Health Directorate within the Ministry of Health

and Population (MoH) (38), and reflects current national practice.

For individuals who present for their first ANC contact beyond the recommended GA (e.g.,
after 12 weeks GA), WHO guidelines recommend that all interventions which would have
been delivered in earlier contacts are delivered at initiation of ANC. For example, in line with
the schedule shown in Table S22, an individual who presents for their first contact at 26
weeks GA should receive any interventions they missed from contacts one and two and
then those usually delivered at contact three, which is the number of contacts they should
have received in line with their GA and the schedule. This logic is replicated within the

model.

Table S24 is a summary of the interventions delivered during routine ANC, further detail on

the impact of interventions on maternal or perinatal outcomes are provided in §3.
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Intervention Consumables* Summary of modelled effect of intervention
(ANC Contact at which delivered)

Blood pressure measurement None (availability of equipment such as Individuals with hypertension due to one of the hypertensive disorders of

(Each contact) sphygmomanometer not currently pregnancy are admitted for inpatient care for the initiation of treatment.
captured)

Urinalysis with urine dipstick Required: Urine dipstick Individuals who test positive for proteinuria due to pre-eclampsia are admitted

(Each contact) for inpatient care for the initiation of treatment.

Screening for depression Intervention delivered by another model. | Whilst scheduling for this intervention occurs during ANC, screening and

(Each contact) treatment for depression is managed by the depression module (see

https://www.tlomodel.org/writeups.html). In short, if depression in pregnancy is

detected then the individual is initiated on anti-depressants and referred for
‘talking therapy’.

Screening for HIV Intervention delivered by another model. | Whilst scheduling for this intervention occurs in ANC, screening and treatment
(First contact) for HIV is managed by the HIV module (see
https://www.tlomodel.org/writeups.html). In short, if HIV is detected the

woman is commenced on antiretroviral therapy. HIV positive women are then
screened for tuberculosis.

Screening for tuberculosis Intervention delivered by another model. | Whilst scheduling for this intervention occurs in ANC, screening and treatment
(First contact) for tuberculosis is managed by the tuberculosis module (see
https://www.tlomodel.org/writeups.html). In short, women who are

symptomatic are formally tested and, if positive, commenced on appropriate

treatment
Screening for syphilis Required: Rapid plasma reagin (RPR) test | Individuals who test positive for syphilis on screening may be treated if
(First and fifth contact) consumables are available (see Treatment for syphilis).

Optional: Blood collecting tube, IV
cannula, Disposable gloves
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Point-of-care haemoglobin testing
(First and sixth contact)

Required: N/A

Optional: Blood collecting tube, IV
cannula, Disposable gloves

Individuals who are found to be anaemic are admitted for inpatient care for the
initiation of treatment.

Blood glucose testing for gestational
diabetes
(Third contact)

Required: Blood glucose level test

Optional: Blood collecting tube, IV
cannula, Disposable gloves

Individuals with hyperglycaemia detected via screening due to gestational
diabetes are admitted for inpatient care for the initiation of treatment.

Daily Iron and folic acid
supplementation
(First contact)

Required: Iron and Folic Acid, tablet, 225
mg* (x3)

*Dose is 325mg twice a day

If treatment is delivered and the individual will be adherent, then the individual’s
monthly risk of developing anaemia is reduced (RR 0.30 (42)).

Balanced energy and protein (BEP)
supplementation
(First contact)

Required: Dietary supplements

If treatment is delivered, then the individual’s monthly risk of antenatal stillbirth
is reduced (RR 0.6 (43)).

Insecticide treated bed nets
(First contact)

Intervention delivered by another model.

Malaria incidence in the pregnant population is driven by the Malaria model.
Coverage estimates for bed net use in Malawi are used to derive expected
incidence across age groups. Consumable use is captured through the ANC
model. (See https://www.tlomodel.org/writeups.html).

Tetanus toxoid vaccination
(First and second contact)

Intervention delivered by another model.

At the time of writing vaccine administration is represented through the
Extended Programme on Immunisation model alongside several vaccine
preventable diseases (see https://www.tlomodel.org/writeups.html). Currently

tetanus in mothers or newborns is not modelled and therefore this intervention
does not have an effect.
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Treatment for syphilis
(First and fifth contact)

Required: Benzathine benzylpenicillin,
2.4 million international units

Optional: IV cannula, Disposable gloves

Individuals who are screened positive for syphilis and receive treatment are
assumed to be free of infection, removing the effect of syphilis infection on risk
of antenatal stillbirth.

Daily calcium supplementationt

Required: Calcium, tablet, 600 mg*

If the treatment is delivered, then the individual’s monthly risk of developing

(Second contact) *Dose is 3 tablets per day pre-eclampsia (RR 0.45 (44)) and gestational hypertension (RR 0.65 (44)) is
reduced.

Albendazole Required: Albendazole 200mg Due to lacking evidence of effect on maternal outcomes that are included in the

(Second contact) model this intervention does not have a modelled effect. It is included to map

consumable use accurately.

Intermittent preventive treatment of
malaria during pregnancy (IPTp)
(Second, third, fourth, fifth and seventh
contact)

Intervention delivered by another model

Malaria incidence in the pregnant population is driven by the Malaria model,
(see https://www.tlomodel.org/writeups.html). Receipt of IPTp clears current

malaria infection reducing the probability of outcomes for which malaria is a
predictor including anaemia, preterm labour, and stillbirth.

(*‘Required’ consumables must be available for the intervention to be delivered. Optional consumables are logged but intervention delivery is not conditional on their

availability; tintervention only delivered to women “at risk” of developing pre-eclampsia as defined in Malawian guidelines (Body Mass Index (BMI) <18))

Table S24- Interventions delivered during ANC
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To replicate quality of ANC, intervention delivery is conditional on the availability of relevant
consumables and the probability that a HCW will administer the intervention as shown in

the following equation:

P(Intervention) = P(intervention_delivered) . * [Iciw
(7)

Where P(Intervention) is the probability of intervention delivery and
P(intervention_delivered) ), is the probability that the HCW providing ANC will administer
an intervention given consumables are available. These probabilities have been calculated
from data from the SPA survey (45) and the HHFA 2018/19 (46) in Malawi, in which direct
observation of ANC was undertaken in facilities to ascertain the proportion of women who
received the recommended interventions. Where the observed proportion of women
receiving an intervention was greater in the Malawi Service Provision Assessment Survey
(SPA) (2013/14) or Harmonized Health Facilities Assessment (HHFA) (2019) than the mean
availability of consumables for the relevant facility level, no quality parameter was used.
Table S25 details these parameters alongside the values for the sensitivity and specificity of
any screening interventions. As discussed previously, [cic) is the probability that all

required consumables for intervention delivery are available.
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Parameter Name

Description

Value*

Source and/or relevant calculations

prob_intervention_delivered_urine_ds

The probability that a HCW will attempt to
conduct urinalysis during an ANC contact if
consumables are available.

0.53

The 2014 Malawi SPA survey (45) reports data from
observation of ANC contacts conducted in Malawi in which
9% of women across facility types underwent urine dipstick
testing.

In the model this level of intervention coverage is assumed
to be the product of consumable availability and the
probability a HCW will choose to deliver this intervention —
which is represented by this parameter. This probability is
unknown and was derived from the total intervention
coverage taken from the SPA (9%) and the mean
consumable availability at level 1a (17%) as 0.17*0.53 =
0.09.

prob_intervention_delivered_bp

The probability that a HCW will measure a
woman’s blood pressure during an ANC
contact.

0.70/
0.69

Both the 2014 Malawi SPA survey (45) and the later 2019
HHFA (46) report the proportion of women during observed
ANC who received blood pressure measurement (70% and
69% respectively). As availability of BP equipment is not
captured in the mode these probabilities are sourced
directly from the survey.

prob_intervention_delivered_syph_test

The probability that a HCW will attempt to
administer a syphilis test during an ANC
contact.

0.43/
0.14

See prob_intervention_delivered_urine_ds. The proportion
of women receiving syphilis screening during ANC was taken
from Malawi’s AIDS Response Progress Reports as 22% in
2010 and 7% in 2015 (47,48). The mean availability of the
required consumables at level 1a is 51%.
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Parameter Name Description Value* Source and/or relevant calculations
prob_intervention_delivered_gdm_test The probability that a HCW will attempt to 0.48 See prob_intervention_delivered_urine_ds. Data on the
administer a test for gestational diabetes proportion of women screened via blood glucose monitoring
during an ANC contact if consumables are during ANC in Malawi is not available. As such it is assumed
available. the overall coverage is the same as point of care
haemoglobin testing due to similarities in testing approach.
The 2014 SPA reports 14% of women were observed to have
haemoglobin testing (45) whilst the average consumable
availability for blood glucose testing at level 1a is 31%
sensitivity_bp_monitoring The sensitivity of blood pressure 0.74 Sourced directly from Karnjanapiboonwong et al. (49)
measurement for hypertension during
pregnancy
specificity_bp_monitoring The specificity of blood pressure 0.79 Sourced directly from Karnjanapiboonwong et al. (49)
measurement for hypertension during
pregnancy
sensitivity_urine_protein_1_plus The sensitivity of urinalysis via a dipstick test 0.541 Sourced directly from Gangaram et al. (50)
for proteinuria during pregnancy
specificity_urine_protein_1_plus The specificity of urinalysis via a dipstick test 0.841 Sourced directly from Abebe et al. (51)
for proteinuria during pregnancy
sensitivity_poc_hb_test The sensitivity of point-of-care haemoglobin 0.851 Sourced directly from Van Den Broek et al. (52)
testing for anaemia during pregnancy
specificity_poc_hb_test The specificity of point-of-care haemoglobin 0.801 Sourced directly from Van Den Broek et al. (52)

testing for anaemia during pregnancy
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Parameter Name Description Value* Source and/or relevant calculations

sensitivity_blood_test_glucose The sensitivity of blood glucose testing for 1.0 Assumed.
gestational diabetes in pregnancy

specificity_blood_test_glucose The specificity of blood glucose testing for 1.0 Assumed.
gestational diabetes in pregnancy

sensitivity_blood_test_syphilis The sensitivity of syphilis testing for syphilis 0.82 Sourced directly from Bristow et al. (53)
during pregnancy

specificity_blood_test_syphilis The specificity of syphilis testing for syphilis 0.96 Sourced directly from Bristow et al. (53)
during pregnancy

sensitivity_fbc_hb_test The sensitivity of full blood count testing for 1.0 Assumed
anaemia during pregnancy

specificity_fbc_hb_test The specificity of full blood count testing for 1.0 Assumed
anaemia during pregnancy

* Where two values (or sets of values) are provided the first set is applied from 2010-2014 and the second set from 2015 onwards for a given simulation run (§1.2.1.1)

Table S25 — Parameters relating to quality of ANC and sensitivity and specific of screening interventions
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2.4.4 Antenatal inpatient care

In addition to routine ANC, pregnant individuals may also receive inpatient care which is
scheduled either via screening and referral from an ANC appointment or when individuals
seek emergency healthcare following the onset of obstetric complications. These conditions,
which include antepartum haemorrhage (APH), severe pre-eclampsia, eclampsia, premature
rupture of membranes (PROM) and antenatal sepsis, were deemed likely to develop
symptoms of sufficient severity to initiate possible care seeking through discussion with a

clinical expert in obstetrics (54). The parameter in Table S26 represents probability of care

seeking.
Parameter Name Description Value | Source and/or relevant
calculation
prob_seek_care_pregnancy | The probability that a woman 0.782 | Sourced directly from
_complication experiencing APH, severe pre- Chinkhumba et al. (36)

eclampsia, eclampsia, PROM, or
antenatal sepsis will seek emergency
antenatal care.

Table S26 - Parameter representing care seeking following antenatal complications

2.4.4.1 Intervention delivery and quality

Table S27 details the treatment delivered during antenatal inpatient care categorised by
presenting condition. Where care includes delivery of an EmMONC intervention, probability of
intervention delivery is calculated as described in §2.3, including capturing the effect of
delays in care seeking described in §2.2. Further detail on how interventions act

mechanistically within the relevant condition models is provided in §3.
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Presenting condition*

Intervention(s)

Consumables

Modelled effect of intervention

Anaemia

Full blood count (FBC)

Required: Complete blood count

Optional: Blood collecting tube, 5
ml, Cannula iv, Disposable gloves

Returns severity of anaemia in the tested individual with
the result used to guide treatment delivery.

If FBC determines anaemia is
mild/moderate...

Iron and folic acid supplementation
(IFA)

Required: Iron and Folic Acid,
tablet, 225 mg* (x3)

*Dose is 325mg twice a day

Initiated in individuals who are not already receiving IFA. A
fixed probability that initiation of IFA will resolve current
anaemia is applied (0.7). See §3.1.1 for how this value is
calculated.

If FBC determines anaemia is severe...

Blood transfusion

Required: Blood, one unit

Optional: Cannula iv, Giving set iv,
Disposables gloves

A fixed probability that a transfusion will resolve current
anaemia is applied (0.9). See §3.1.1 for how this value is
calculated.

Gestational Diabetest

Firstline treatment for new cases...
Diet and exercise

N/A

Once initiated on treatment, a fixed probability (0.5) is
used to determine if this treatment will be effective in
controlling hyperglycaemia. If so, the effect of gestational
diabetes on risk of antenatal stillbirth is removed (see
§3.1.2 for how this value is calculated). Otherwise, the
individual is scheduled to return for second line treatment.

Second line treatment for cases...
Oral antidiabetics

Required: Glibenclamide 5mg* (x2)

*Dose is 10mg daily

Once initiated on treatment a fixed probability (0.936 (55))
is used to determine if this treatment will be effective in
controlling hyperglycaemia. If so, the effect of gestational
diabetes on risk of antenatal stillbirth is removed (see
§3.1.12). Otherwise, the individual is scheduled to return
for third line treatment.
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Third line treatment for cases...
Insulin

Required: Insulin, soluble, 100
1U/ml

Once initiated, treatment is assumed to control
hyperglycaemia removing the effect of gestational diabetes
on risk of antenatal stillbirth (see §3.1.12).

Hypertensive disorders

For mild pre-eclampsia, gestational
hypertension...
Oral antihypertensives

Required: Methyldopa 250mg* (x4)

*Dose is 1g daily

Reduces the risk of progression from mild to severe
gestational hypertension (RR 0.45 (56)).

For severe gestational hypertension or
severe pre-eclampsia/eclampsia...
Intravenous (IV) antihypertensives

Required: Hydralazine 20mg
ampoule

Optional: Cannula iv, Giving set iv,
Disposables gloves

For individuals with severe gestational hypertension the
intervention is assumed to revert severe hypertension to
mild hypertension, averting associated risk of death from
severe gestational hypertension (see §3.1.8).

For individuals with severe pre-eclampsia/eclampsia the
intervention reduces the risk of death secondary to these
conditions (0.5 (37)).

For severe pre-eclampsia or eclampsia...

Anticonvulsants (for severe pre-
eclampsia or eclampsia) plus case
management

Required: Magnesium sulphate,
injection, 500 mg/ml in 10-ml
ampoule

Optional: Misoprostol, tablet, 200
mcg, Oxytocin, injection, 101U in 1
ml ampoule, Sodium chloride,
injectable solution, 0.9 %, 500 ml,
Cannula IV, Giving set, Disposable
gloves, Oxygen, 1000 litres,
primarily with oxygen cylinders,
Complete blood count, Foley
catheter, Urine bag 2000ml

For women with severe pre-eclampsia, treatment reduces
the risk of progression from severe pre-eclampsia to
eclampsia during labour (RR 0.41 (57)) and reduces risk of
death from severe pre-eclampsia (RR 0.4 (37)).

For women with eclampsia treatment reduces risk of death
from eclampsia (RR 0.4 (37)).
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For severe pre-eclampsia or eclampsia...

Referral for delivery

N/A

In line with Malawian guidelines, emergency delivery is
recommended for cases of severe pre-eclampsia/eclampsia
(32). Individuals are scheduled for immediate delivery
either via induction, AVD or CS.

Antepartum
Haemorrhage

Referral for delivery and further
treatment

N/A

In line with Malawian guidelines, emergency delivery is
recommended for cases of APH (32). Individuals are
scheduled for delivery via CS which may be delayed,
according to aetiology and severity of bleed, until GA has
increased. Further treatment is delivered to mothers as
delivery occurs (i.e., blood transfusion) which reduces risk
of death. (See §3.1.7).

Premature Rupture of
Membranes (PROM)

Prophylactic IV antibiotics

Required:
Benzathine benzylpenicillin, 2.4

million international units

Optional:
Cannula iv, Giving set iv,
Disposables gloves

Reduces the risk of early onset neonatal sepsis (RR 0.61
(58)) and reduces risk of maternal sepsis secondary to
chorioamnionitis (RR 0.66 (59)).

Referral for delivery

N/A

In line with Malawian guidelines, emergency delivery is
recommended for cases of PROM (32). If PROM presents
without infection and GA is below 37, delivery is delayed
until gestation increases. Otherwise, delivery is scheduled.
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Sepsis —
chorioamnionitist

Referral for delivery and further
treatment

N/A

In line with Malawian guidelines, emergency delivery is
recommended for cases of chorioamnionitis (32). Further
treatment is delivered to mothers as delivery occurs (e.g.,
maternal sepsis case management) which reduces risk of
death. (See §3.1.6.)

*If multiple conditions are present on admission, treatment for all conditions will be delivered

tTreatment is initialised in inpatient care. Initiation of second- or third-line treatment is managed by a separate HSI not described here.

Table S27 — Summary of interventions delivered as part of inpatient antenatal care for relevant antenatal conditions
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2.4.5 Induction of labour

Finally, induction of labour for women whose pregnancy continues post term is modelled. Currently
this is not explicitly linked with routine ANC and instead a fixed probability,
prob_seek_care_induction applied to post term women each week until they either seek care or go
into labour spontaneously. Due to lacking data on care seeking for induction in women who are
post-term in Malawi an assumption is made about this probability. Future versions of the model will

need to link routine ANC to induction for post-term women.

Parameter Name Description Value | Source and/or relevant
calculation
prob_seek_care_induction The probability that a woman whose 0.2 | This parameter is
pregnancy has continued beyond 41 assumed.

weeks will seek care for induction of
labour.

Table S28 — Parameter representing care seeking for induction of labour.

2.5 Intrapartum and immediate newborn

2.5.1 Care seeking

As evident from the model structure diagram in Figure 5 of the accompanying manuscript
the location in which a mother will give birth is determined at the onset of labour. The
results from a multinomial logistic regression model developed using data from the
Malawian 2010 and 2015 DHS data sets (11,12) are used to calculate the probability that an
individual will deliver at home, in a health centre or in a hospital to account for the effect of
relevant sociodemographic variables on delivery location. The parameters for these models

are available in Table S29 alongside details of the relevant coefficients.

Women who are scheduled to deliver at home may decide to present for care following the
onset of any intrapartum conditions with parameter prob_careseeking_for_complication
representing the probability of care seeking. The model simulates delays in healthcare
seeking and this is also relevant for intrapartum care. All women who present for

intrapartum care after initially labouring at home are assumed to be delayed whilst women
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who are scheduled to present for care when labour onsets are determined to be delayed

according to prob_delay_one_two_fd (Table S15).
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Parameter Name Description Value* Source and/or relevant calculation
odds_deliver_in_health_centre This parameter is scaled at intialisation of the 0.69/1.08 | A multinomial logistic regression model was built using
simulation. The value shown here represents the data from 2010 and 2015 Malawian DHS surveys sets
known ‘target’ odds that a mother in labour will (11,12) to determine the effect of relevant coefficients
deliver in a health centre compared to a hospital. on delivery location. The intercept value for this model
is unknown within the modelled population. The ‘target’
Once scaled, as the simulation runs this odds of health centre delivery were calculated using the
parameter is the odds that a mother in labour coverage of health centre delivery in the DHS as
will deliver in a health centre compared to a coverage / (1-coverage) leading to these values.
hospital if aged less than 20 years, is in wealth
quintile 5, is nulliparous or primiparous, lives in
an urban setting and is not married.
The parameters below starting with
“rrr_hc_delivery” refer to the effect on the odds
of delivering in a health centre compared to a
hospital.
rrr_hc_delivery_age_20_24 The effect of a woman’s age being 20-24 years 0.79/1 See odds_deliver_in_health_centre.
compared to 15-19
rrr_hc_delivery_age_25_29 The effect of a woman’s age being 25-29 years 0.5/0.56 See odds_deliver_in_health_centre
compared to 15-19
rrr_hc_delivery_age_30_34 The effect of a woman’s age being 30-34 years 0.27/0.32 | See odds_deliver_in_health_centre
compared to 15-19
rrr_hc_delivery_age_35_39 The effect of a woman’s age being 35-39 years 0.13/0.14 | See odds_deliver_in_health_centre

compared to 15-19
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rrr_hc_delivery_age_40_44

The effect of a woman’s age being 40-44 years
compared to 15-19

0.06 / 0.07

See odds_deliver_in_health_centre

rrr_hc_delivery_age_45_49 The effect of a woman’s age being 45-49 years 0.02/0.03 | See odds_deliver_in_health_centre
compared to 15-19

rrr_hc_delivery_wealth_4 The effect of a woman being within the fourth 0.82/0.79 | See odds_deliver_in_health_centre.
wealth quintile compared to the fifth

Rrr_hc_delivery_wealth_3 The effect of a woman being within the third 0.77/0.73 | See odds_deliver_in_health_centre
wealth quintile compared to the fifth

rrr_hc_delivery_wealth_2 The effect of a woman being within the second 0.62 /0.58 | See odds_deliver_in_health_centre
wealth quintile compared to the fifth

rrr_hc_delivery_wealth_1 The effect of a woman being within the first 0.55/0.43 | See odds_deliver_in_health_centre
wealth quintile compared to the fifth

rrr_hc_delivery_parity_3_to_4 The effect of a woman having previously 2/1.85 See odds_deliver_in_health_centre
delivered three or four children compared to two
or less

rrr_hc_delivery_parity_>4 The effect of a woman having previously delivery 39/3.8 See odds_deliver_in_health_centre
four or more children compared to two or less

rrr_hc_delivery_rural The effect of a woman living in a rural setting 1.99/1.81 | See odds_deliver_in_health_centre
compared to urban setting

rrr_hc_delivery_married The effect of a woman being currently married 13/1.42 See odds_deliver_in_health_centre

compared to never being married
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odds_deliver_at_home

This parameter is scaled at intialisation of the
simulation. The value shown here represents the
known ‘target’ odds that a mother in labour will
deliver at home compared to a hospital.

Once scaled, as the simulation runs this
parameter is the odds that a mother in labour
will deliver at home compared to in a hospital if
aged less than 20 years, living in an urban setting,
having received tertiary education, being in
wealth quintile 5, is nulliparous or primiparous,
and is not married.

The parameters below starting with
“rrr_hb_delivery” refer to the effect on the odds
of delivering at home compared to a hospital

0.37/0.09

See odds_deliver_in_health_centre.

rrr_hb_delivery_age_20_24

The effect of a woman’s age being 20-24 years
compared to 15-19 years at the time of delivery

142/1

See odds_deliver_in_health_centre.

rrr_hb_delivery_age_25_29

The effect of a woman’s age being 25-29 years
compared to 15-19 years at the time of delivery

1/0.58

See odds_deliver_in_health_centre.

rrr_hb_delivery_age_30_34

The effect of a woman’s age being 30-34 years
compared to 15-19 years at the time of delivery

0.42/0.25

See odds_deliver_in_health_centre.

rrr_hb_delivery_age_35_39

The effect of a woman’s age being 35-39 years
compared to 15-19 years at the time of delivery

0.24/0.16

See odds_deliver_in_health_centre.

rrr_hb_delivery_age_40_44

The effect of a woman’s age being 40-44 years
compared to 15-19 years at the time of delivery

0.12/0.07

See odds_deliver_in_health_centre.
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rrr_hb_delivery_age_45_49

The effect of a woman’s age being 45-49 years
compared to 15-19 years at the time of delivery

0.05/0.04

See odds_deliver_in_health_centre.

rrr_hb_delivery_rural The effect of a woman living in a rural setting 1.73/1 See odds_deliver_in_health_centre.
compared to an urban setting

rrr_hb_delivery_primary_education The effect of a woman having primary education 0.76 /0.79 | See odds_deliver_in_health_centre.
compared to no education

rrr_hb_delivery_secondary_education The effect of a woman having secondary 0.46/0.51 | See odds_deliver_in_health_centre.
education compared to no education

rrr_hb_delivery_wealth_4 The effect of a woman being within the fourth 0.82/0.74 | See odds_deliver_in_health_centre.
wealth quintile compared to the fifth

rrr_hb_delivery_wealth_3 The effect of a woman being within the third 0.72/0.68 | See odds_deliver_in_health_centre.
wealth quintile compared to the fifth

rrr_hb_delivery_wealth_2 The effect of a woman being within the second 0.41/0.49 | See odds_deliver_in_health_centre.
wealth quintile compared to the fifth

rrr_hb_delivery_wealth_1 The effect of a woman being within the first 0.2/0.17 See odds_deliver_in_health_centre.
wealth quintile compared to the fifth

rrr_hb_delivery_parity_3_to_4 The effect of a woman having previously delivery 24/1 See odds_deliver_in_health_centre.
three or four children compared to two or less

rrr_hb_delivery_parity_>4 The effect of a woman having previously delivery 525/1 See odds_deliver_in_health_centre.

four or more children compared to two or less
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rrr_hb_delivery_married The effect of a woman being currently married 0.63/1 See odds_deliver_in_health_centre.
compared to never being married

probability_delivery_hospital The probability that a woman will deliver in a 0.32/0.40 | See odds_deliver_in_health_centre. The value of this

hospital parameter was derived through calibration to the

proportion of women giving birth in a hospital as
reported in the 2010 and 2015 DHS surveys (11,12).

prob_careseeking_for_complication | The probability that a woman who is in labour at 0.782 Sourced directly from Chinkhumba et al. (36).
home and develops a complication will seek
intrapartum care at a health facility.

* Where two values (or sets of values) are provided the first set is applied from 2010-2014 and the second set from 2015 onwards for a given simulation run (§1.2.1.1)

Table 529 — Parameters representing care seeking intrapartum care
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2.5.2 Intervention delivery

Once location of delivery has been determined, healthcare is delivered to labouring
individuals through HSIs representing intrapartum care at a health centre or at a hospital.
Intrapartum care at a health centre occurs at level 1a of the health system, whilst hospital-
based care can occur at either level 1b (district hospital) or level 2. Individuals who seek
healthcare after condition onset during labour at home will present at either facility type
with equal probability. Interventions within the model delivered before, during or
immediately following labour can be categorised as preventative or curative, addressing the

conditions that are described in §3.

2.5.2.1 Preventative and curative interventions and operative delivery

As with many of the interventions introduced thus far, the treatment effect of curative
interventions is applied to the probability of death from a complication or intrapartum
stillbirth whilst the effect of preventative treatments is to reduce individual risk of a
complication as described in the following descriptions of the complication models. The
interventions selected for inclusion in the model are taken from several sources, including
Malawian Obstetrics and Gynaecology Clinical guidelines (32) ,the Malawi Standard
Treatment Guidelines (31), and the Malawian EHP (60) to accurately reflect intrapartum

care interventions delivered in Malawi. They are summarised in Table S30.

2.5.2.2 Referral

The model replicates the process of referral from lower level to higher level facilities. It is
assumed that individuals who deliver at a health centre have access to BEmMONC
interventions and, if need for CEmONC care is identified (e.g., caesarean delivery as
treatment of obstructed labour), then referral to a higher-level facility (level 1b and above)
occurs. Whilst the process maps the additional requirements of HCW time and
consumables, we do not currently model any potential effects of interfacility transfer on

maternal and neonatal outcomes.
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Intervention
(Modelled indication)

Consumables

Modelled treatment effect and source*

Preventative interventions:

Clean birth practices
(All deliveries)

Required: Clean delivery kit, Chlorhexidine 1.5%
solution

Reduces risk of intrapartum and postpartum sepsis (RR 0.4 (37))
and reduces risk of early onset neonatal sepsis (RR 0.73 (61)).

Antenatal corticosteroids
(Preterm deliveries)

Required: Dexamethasone 5mg/ml

Optional: Cannula IV, Giving set, Disposable gloves

Reduces the risk of respiratory distress syndrome (RDS) in preterm
neonates (RR 0.69 (62)).

Antibiotics for PROM
(Premature rupture of membranes)

Described previously in Table S27.

Described previously in Table S27.

Active management of the third stage of
labour
(All deliveries)

Required: Oxytocin, injection, 10 IU in 1 ml
ampoule

Optional: Cannula IV, Giving set, Disposable gloves

Reduces the risk of PPH secondary to uterine atony and retained
placenta (RR 0.34 (63)).

Curative interventions:

Intravenous antihypertensives
(Severe pre-eclampsia, Eclampsia, Severe
gestational hypertension)

Described previously in Table S27.

Described previously in Table S27.

Anticonvulsants plus case management
(Severe pre-eclampsia, Eclampsia)

Described previously in Table S27.

Described previously in Table S27.

Maternal sepsis case management
(Antenatal/intrapartum sepsis)

Required: Benzylpenicillin 3g (5MU), Gentamycin,
injection, 40 mg/ml in 2 ml vial

Reduces risk of sepsis related death (RR 0.2 (37)).
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Optional: Cannula IV, Giving set, Disposable gloves,
Oxygen, Foley catheter, Urine bag 2000m|,
complete blood count

Blood transfusion
(Antenatal/intrapartum haemorrhage,
Uterine rupture)

Required: Blood, one unit (x2)

Optional: Cannula iv, Giving set iv, Disposables
gloves

Reduces risk of death from APH and/or uterine rupture (RR 0.4
(37)).

Assisted vaginal delivery (AVD)
(Obstructed labour, Severe pre-eclampsia,
Eclampsia)

Required: Vacuum, obstetric

Optional**: Lidocaine (in dextrose 7.5%), ampoule
2 m’, Benzylpenicillin 3g (5MU), Gentamycin,
injection, 40 mg/ml in 2 ml vial, Sodium chloride,
injectable solution, 0.9 %, 500 ml, Cannula IV,
Giving set, Disposable gloves, Complete blood
count, Foley catheter, Urine bag 2000ml,
Paracetamol, tablet, 500 mg, Pethidine, 50 mg/ml,
2 ml ampoule, Gauze, absorbent 90cm x 40m,
Suture pack

**For obstructed labour ‘case management’

Reduces the risk of intrapartum stillbirth (RR 0.2). This treatment
effect is an assumption and is discussed further in §3.1.12.

Caesarean delivery (CS)

(Obstructed labour, Severe pre-eclampsia,
Eclampsia, Antenatal/intrapartum
haemorrhage, Uterine rupture)

Required: Halothane (fluothane), Ceftriaxone 1g,
Metronidazole 200mg

Optional: Scalpel blade, Cannula iv, Paracetamol,
Diclofenac injection, Pethidine, 50 mg/ml, 2 ml

Reduces the risk of intrapartum stillbirth (RR 0.2). This treatment
effect is an assumption and is discussed further in §3.1.12. Also
reduces risk of maternal death due to APH (RR 0.25 (37)).
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ampoule’, Foley catheter, Urine bag 2000ml,
Hartmann’s solution 1000 ml, Sodium chloride
injectable solution 0.9 % 500 ml, Giving set

Surgical repair of uterus
(Uterine rupture)

See caesarean delivery— consumable requirements
assumed to be the same.

Reduces risk of death from uterine rupture (RR 0.25 (37)).

Hysterectomy
(Uterine rupture)

See caesarean delivery— consumable requirements
assumed to be the same.

Reduces risk of death from uterine rupture (RR 0.25 (37)).

Newborn resuscitation

(Neonatal encephalopathy, Preterm
respiratory distress syndrome, respiratory
depression (other))

Required: Infant resuscitator, bag and mask

Reduces the risk of death due to neonatal encephalopathy (RR 0.6
(64)).

Reduces the risk of death due to preterm respiratory distress
syndrome (RR 0.8 (64)).

Reduces the risk of death in neonates with respiratory depression
(RR 0.6 (64)).

Reduces risk of encephalopathy in neonates with respiratory
distress syndrome (64) as described further in §3.2.2

Table S30 — Interventions delivered as part of intrapartum care
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2.5.2.3 Operative delivery population rates

As shown in Table S30 above, AVD and CS are scheduled for individuals in the model in
response to a set of core complications. However, all possible indications for operative
delivery are not explicitly captured in the model (e.g., foetal distress, maternal exhaustion).
To ensure the correct rate of operative delivery is achieved in the model, when compared to
data sources in Malawi, a probability of either AVD or CS for those who are not already
scheduled to receive these interventions is applied to mothers and the appropriate care is

scheduled. These probabilities are shown in Table S31 below.

Parameter Name Description Value* | Source and/or relevant
calculation
residual_prob_avd The probability that a mother 0.128 The AVD rate in Malawi is
will deliver via AVD secondary reported as 1% in the 2015
to an indication not included integrated HIV report in Malawi
in the model. (65). The model is calibrated to

this rate. The value is much
higher than 0.01 due to limited
availability of AVD.

Residual_prob_caesarean The probability that a mother 0.0188 | The caesarean delivery rate in
will deliver via CS secondary / Malawi is reported in the 2010
to an indication not included 0.022 and 2015 national EmMONC
in the model. needs assessment surveys

(33,34) to which the model is
calibrated. The rate was 3.7% in
2010 and 4% in 2015.

* Where two values (or sets of values) are provided the first set is applied from 2010-2014 and the second set
from 2015 onwards for a given simulation run (§1.2.1.1)

Table S31 — Parameters representing the probabilities of operative delivery in mothers without
modelled indications

2.6 Postnatal healthcare

Modelling of postnatal healthcare was designed to replicate the recommended care and
interventions described in the Malawian National Reproductive Health Service Delivery
Guidelines (NRHSDG) (2014-2019), which are the most recent available PNC guidelines for
Malawi (66). The NRHSDG recommend that all women receive PNC with the first 48-hours

after birth, ideally with women who have delivered in a health facility, and their newborns,
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receiving postnatal care within six hours of delivery; and women who delivered at home
should receive at least one PNC contact within a maximum of three days (66). This is in line
with the most recent WHO postnatal care guidelines (67). Additionally, guidelines
recommended further PNC at weeks 1 and 6 of the postnatal period (66). In the model, the
proportion of women who receive at least one PNC contact is simply replicated, and
percentage of those women who received care within or following 48 hours from birth. In
addition to the first visit, women may seek further PNC following the onset of postnatal
complications as described below. This decision was made due to the availability of data on

these outcomes from Malawi captured by the DHS allowing for model calibration.

It is assumed that PNC can be delivered to mothers across multiple levels of the health
system, as designated by the I’s facility level — Figure S3. For women who deliver in a facility
and receive early PNC following birth, this will occur at the same facility level at which
intrapartum care was delivered — as in reality these individuals will receive care at the same
facility they deliver at. This logic is also applied to the inpatient care events. Otherwise, for
PNC sought from the community, a random draw from a discrete uniform distribution

determines the facility level from which treatment is delivered.

2.6.1 Maternal postnatal care

2.6.1.1 Care seeking for maternal postnatal care

Figure S6 is a diagrammatic representation of how PNC is scheduled within the model,
separated by women who do and do not experience immediate postnatal complications.
Immediately following birth, for mothers without complications the probability of receiving
PNC is calculated via a logistic regression model using data from the Malawian DHS surveys
in 2010 and 2015 to determine the socioeconomic and health system factors impacting
probability of postnatal care (2). The equation is visible within the figure and the parameters
representing the intercept for this model and the coefficient values are shown in Table $32
below. If PNC will be received, a probability weighted random draw using probabilities in
parameter prob_timings_pnc determines if PNC will be received within forty-eight hours

following birth or after this, and similarly is derived from the Malawian DHS survey (11,12).
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If a mother develops complications later within the postnatal period, the probability they
will seek care is prob_care_seeking_postnatal_emergency. This process may repeat
multiple times across the postnatal period allowing for several PNC contacts in women who
experience more than one complication. For mothers who are experiencing complications it
is assumed that the probability of receiving PNC is greater, as facility staff are likely to triage
immediate care based on clinical need, and mothers with complications at home may be
more likely to present to facilities postnatally, as women with knowledge of obstetric
danger signs are shown in Malawi and other settings to be more likely to receive PNC
(68,69). The model is calibrated to DHS data relating to coverage of maternal PNC in the
population, and as such parameter prob_careseeking_for_complication_pn represents a
higher chance of PNC compared to without complications. This parameter is also used to
determine if care will be sought later in the postnatal period for surviving who experience

complications.

103



odds_will_attend_pnc

X or_pnc_age_30_35
xor_pnc_age >35

x or_pnc_rural

X or_pnc_wealth_level 1

Postnatal mother -
immediately post birth with
no complications

(a)

Postnatal mother -
immediately post birth with
complications

(b)

X or_pnc_anc4+

X or_pnc_caesarean_delivery
x or_pnc_facility delivery

X or_pnc_parity_>4

(converted to a probability as
result/ 1 + result)

prob_car king_for ion_pn

p

Death
Will receive PNC Will not receive PNC Will receive PNC Will not receive PNC | — — — — -
prob_timings_pnc. Scheduled randomly over
postnatal period Survival...
\
) !Early PNC ) ‘Late PNC ] Death Early PNC
(within 48hrs of birth) (following 48hrs of birth) - ———— (within 48hrs of birth)
( | T
; I Survival...
¥ v
> Postnatal mother |g — — — — — — r—— = — = —»| Postnatal mother [+ —
r Postnatal mp th.er develops complications N r—————— —»| develops complications prf},natal ";,Ot:‘.er
| r—> No futher complications later in the postnatal period | — — — — — 1 | | R later in the postnatal period o futher complications |
| | | | | l posl;atalf_emergenZy l l
| ] | J -
|1 I . I
| I (. l l I
|l | (. I
Death Death |
Late PNC | |
|| <] ) ) No PNC | 5 | Late PNC |
| | (following 48hrs of birth) : | | | Death (following 48hrs of birth) No PNC Deat: | |
<] I
| T T || I — — Lol
| L — suvives— — — — — JLe + + — survives— — J L | _survives — — } — b — — — J L - — — _Surives — — — — — J
L — suvivesm — — — — J U surives— — J L survives— — J - - SUNVIVEeS— — — o — — 2

Figure S6 — Diagrammatic representation of PNC scheduling in the model
(a) Care seeking for PNC where the mother does not have immediate postnatal complications
(b) Care seeking for PNC where the mother does have immediate postnatal complications
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Parameter Name Description Value* | Source and/or relevant calculation
odds_will_attend_pnc This parameter is scaled at intialisation of the 0.9 The proportion of women in Malawi who received
simulation. The value shown here represents postnatal care following birth was sourced from the
the known ‘target’ odds that a mother will 2010 and 2015 Malawian DHS surveys sets (11,12).
receive postnatal care These values, 50% of mothers in 2010 and 48% of
mothers in 2015, represent the target coverage of PNC
Once scaled, as the simulation runs this for mothers in the model. Due to similarity between the
parameter is the odds that a mother will proportion of women receiving PNC in both surveys a
receive postnatal care if she is younger than 30, single parameter value has been used here as the rate is
lives in an urban setting, is in wealth quintile assumed to be constant over time. The value of this
five, has attended less than four ANC visits, did parameter was therefore calculated as coverage/ (1-
not deliver via caesarean, did not deliver in a coverage). The value has then been manipulated to
health facility and has given birth less than four ensure calibration given the distribution of caesarean
times delivery is not known when the parameter is scaled.
The parameters below starting with “or_pnc”
refer to the effect on the odds of receiving
postnatal care.
or_pnc_age_30_35 The effect of a postnatal woman being aged 1.75 Sourced directly from Khaki et al. (2) who developed a
between 29 and 36 years old compared to 20 logistic regression model to explore the association of
years or younger key sociodemographic and healthcare variables on the
odds of PNC attendance in Malawi using 2015 DHS data
set.
or_pnc_age_>35 The effect of a postnatal woman being over the 1.86 See or_pnc_age_30_35.

age of 35 years old compared to 20 years or
younger

105




or_pnc_rural The effect of a postnatal woman living in a rural 0.55 See or_pnc_age_30_35.
setting compared to an urban setting
or_pnc_wealth_level_1 The effect of a postnatal woman being in the 0.72 See or_pnc_age_30_35.
first wealth quintile compared to the fifth
wealth quintile
or_pnc_ancé+ The effect of a postnatal woman having 1.2 See or_pnc_age_30_35
attended four or more antenatal care visits
compared to less than four
or_pnc_caesarean_delivery The effect of a postnatal woman having 1.93 See or_pnc_age_30_35.
delivered via CS compared to another mode of
birth
or_pnc_facility_delivery The effect of a postnatal woman having given 1.91 See or_pnc_age_30_35.
birth in a health facility compared to at home
or_pnc_parity >4 The effect of a postnatal woman having given 0.03 See or_pnc_age_30_35.
birth four or more times compared to less than
four
prob_careseeking_for_complication_pn / The probability that a mother experiencing 0.782 | Sourced directly from Chinkhumba et al. (36)
prob_care_seeking_postnatal_emergency postnatal complications will seek care
prob_timings_pnc The probabilities that a newly postnatal woman | [0.85, | The percentage of women who receive PNC that receive
who will receive postnatal care will receive care 0.15] | this care within or following forty-eight hours after their
within 48 hours from birth or after 48 hours / delivery was calculated from the Malawian DHS surveys
from birth. [0.88, | (11,12).
0.12]
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probs_of_attending_pn_event_by_day

The probabilities that the event
PostnatalWeekOneMaternalEvent will occur
respectively on the second, third, fourth, fifth,
sixth day of the postnatal period

[0.4,
0.3,
0.2,
0.05,
0.05]

The PostnatalWeekOneMaternalEvent applies risk of
complication onset in the first week after birth. This
parameter determines which day of the first week the
event will occur to prevent clustering. This is weighted
towards the earlier days as evidence suggests postnatal
morbidity is most common in the first few days after
birth (70).

* Where two values (or sets of values) are provided the first set is applied from 2010-2014 and the second set from 2015 onwards for a given simulation run (§1.2.1.1)

Table S32 — Parameters relating to care seeking for maternal PNC
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2.6.1.2 Intervention delivery and quality

In this section an overview of the interventions/services which are available to individuals
during this time is provided. Interventions have been sourced primarily from the NRHSDG
(66) and the most recent obstetrics and gynaecology guidelines (32) which provide detail on
the recommended clinical care for complications which may occur in the postpartum period.

Table S33 details the required consumables and the modelled effects for each intervention.
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Intervention
(Modelled indication)

Consumables

Modelled treatment effect and source

Screening and preventative interventions:

Screening for HIV
(All women))

Described previously in Table S24.

Described previously in Table S24.

Screening for depression
(All women)

Described previously in Table S24.

Described previously in Table S24.

Daily iron and folic acid
supplementation
(All women)

Described previously in Table S24.

If treatment is delivered, and the individual will be adherent, then
the individual’s weekly risk of developing postnatal anaemia is
reduced (RR 0.30 (42)).

Curative interventions:

Uterotonics
(Postpartum haemorrhage due to
atonic uterus)

Required: Oxytocin, injection, 10 IU in 1 ml ampoule

Optional: Misoprostol, tablet, 200 mcg, Pethidine, 50
mg/ml, 2 ml ampoule, Oxygen, 1000 litres, primarily with
oxygen cylinders, Cannula iv, Urine bag 2000 ml, Foley
catheter, Giving set, Disposables gloves, Complete blood
count

If haemostasis is achieved, uterotonic delivery resets PPH property
averting application of the risk of death (71). See §3.1.13 for more
detail.

Manual removal of retained
placenta

(Postpartum haemorrhage due to
retained placenta)

Required: N/A

Optional: Misoprostol, tablet, 200 mcg, Pethidine, 50
mg/ml, 2 ml ampoule, Oxygen, 1000 litres, primarily with
oxygen cylinders, Cannula iv, Urine bag 2000 ml, Foley
catheter, Giving set, Disposables gloves, Complete blood
count

If successful uterotonic delivery resets PPH property averting
application of the risk of death (37). See §3.1.13 for more detail.
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Blood transfusion Described previously in Table S27. Reduces the risk of death from postpartum haemorrhage (RR 0.4

(Postpartum haemorrhage) (37)).
Surgical management of Required: Halothane (fluothane), Ceftriaxone 1g, Reduces the risk of death from postpartum haemorrhage (RR 0.25
postpartum haemorrhage Metronidazole 200mg (37)).

(Postpartum haemorrhage)
Optional: Cannula iv, Paracetamol, Diclofenac injection,
Pethidine, 50 mg/ml, 2 ml ampoule’, Foley catheter, Urine
bag 2000ml, Hartmann’s solution 1000 ml, Sodium chloride
injectable solution 0.9 % 500 ml, Giving set

Intravenous antihypertensives Described previously in Table S27. Described previously in Table S27.
(Severe pre-eclampsia, Eclampsia,
Severe gestational hypertension)

Anticonvulsants plus case Described previously in Table S27. Described previously in Table S27.
management
(Severe pre-eclampsia, Eclampsia)

Maternal sepsis case Described previously in Table S30. Described previously in Table S30.
management
(Postnatal sepsis)

Table S33- Interventions available to mothers during PNC
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2.6.2 Neonatal postnatal care

2.6.2.1 Care seeking for neonatal postnatal care

Immediately following delivery, it is determined if a newborn will receive PNC. For newborns
born in a health facility, prob_pnc_check_newborn is the probability they will receive PNC
in the absence of complications, whilst prob_care_seeking_for_complication is the
probability they will receive PNC given complications. The parameter
prob_pnc_timing_newborn stores the probabilities that PNC will occur within 48 hours
from birth or after. Those predicted to receive PNC within 48 hours will receive care, whilst
those predicted to receive PNC after 48 hours of life are randomly scheduled using a

uniform distribution to undergo this PNC event before the end of the neonatal period.

If a neonate develops a complication later in the neonatal period, they may receive initial or
further postnatal care (depending on the initial scheduling) with the parameter
prob_care_seeking_postnatal_emergency_neonate representing the probability of care

seeking. Table S34 contains the relevant parameters governing this process.
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Parameter Name** Description Value | Source and/or relevant calculation

prob_pnc_check_newborn The probability that a newborn who is not 0.6 Sourced directly from the Malawi DHS 2015-16 (11) in
experiencing complications will receive ' which the coverage of PNC is reported as 60%.
postnatal care during the neonatal period.

Prob_pnc_timing_newborn The probability that a newborn who is not [0.97, | Timing of first PNC visit is captured within the Malawi
experiencing complications and will receive 0.03] | DHS 2015 (11). The proportion of neonates who
postnatal care will receive that care within received PNC that received care within 48 hours, the
48 hours of birth or after. first figure, and after 48 hours, the second figure is

calculated from this data source.

Prob_care_seeking_for_complication / The probability that a newborn 0.782 | Sourced directly from Chinkhumba et al. (36).

prob_care_seeking_postnatal_emergency_neonate

experiencing neonatal sepsis will receive
emergency postnatal care.

** |f two names are provided for the same parameter this means the name varies by python file. Both are provided to ensure clarity when reviewing any code.

Table S34 — Parameters representing care seeking following neonatal complications
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5.6.2.2 Intervention Delivery

Table S35 lists the interventions available to neonates as part of PNC. During the first PNC
visit newborns are administered essential newborn care including vitamin k administration,
eye care and high-risk newborns are screened for HIV. Any low-birth-weight babies receiving
early PNC may initiate Kangaroo Mother Care (KMC). The parameter prob_kmc_available in
Table S36 represents the probability KMC will be initiated for a given low-birth weight
newborn given the predicted availability of such services in Malawi. In addition, newborns
who have developed either early or late onset sepsis may receive treatment, either
intravenous antibiotics or intravenous antibiotics plus full supportive care, dependent on

the facility level of the PNC appointment.

The administration and effect of essential newborn Immunisations Is managed by the

Extended Programme of Immunisation module and as such, is not described here.
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Intervention
(Modelled indication)

Consumables

Modelled treatment effect and source

Tetracycline eye drops
(All neonates)

Required: Tetracycline eye ointment 1% (5mg tube)

Due to lacking evidence of effect on neonatal outcomes that are
included in the model this intervention does not have a modelled
effect. It is included to map consumable use accurately.

Vitamin K prophylaxis
(All neonates)

Required: Phytonadione (1mg/ml)

Optional: Cannula IV, Giving set, Disposable gloves

Due to lacking evidence of effect on neonatal outcomes that are
included in the model this intervention does not have a modelled
effect. It is included to map consumable use accurately.

HIV screening N/A Whilst scheduling for this intervention occurs in PNC, screening

(All neonates) and treatment for HIV is managed by the HIV module (see
https://www.tlomodel.org/writeups.html). In short, if HIV is
detected the neonate is commenced on antiretroviral therapy. HIV
positive neonates are then screened for tuberculosis.

Kangaroo mother care N/A Reduces the risk of death from prematurity (RR 0.49 (72)).

(Preterm neonates)

Injectable antibiotics
(Neonatal sepsis)

Required: Benzylpenicillin 1g, Gentamicin 40mg/ml

Optional: Cannula IV, Giving set, Disposable gloves

Reduces the risk of death from neonatal sepsis (RR 0.35 (73))
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Full supportive care
(Neonatal sepsis)

Required: Benzylpenicillin 1g, Gentamicin 40mg/ml,
Oxygen, 1000 litres, primarily with oxygen cylinders

Optional: Dextrose (glucose) 5%, 1000ml, feeding tube,
Cannula iv, Giving set iv, Disposable gloves

Reduces the risk of death from neonatal sepsis (RR 0.2 (73))

Table S35 — Interventions available to newborns during postnatal care
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Parameter Name Description Value Source and/or relevant

calculation
prob_kmc_available | The probability that a low-birth- 0.62 Sourced directly from Chavula
weight neonate will receive KMC if et al. (74) who analysed data on
early postnatal care is initiated. KMC service availability in all

hospitals in Malawi collected as
part of the 2014 EmONC needs
assessment. They report that
62% of hospitals met the most
basic definition of readiness to
deliver KMC.

Table S36 — Parameter representing the probability of KMC for a low-birth-weight newborn

2.6.3 Obstetric fistula case management

In addition to routine PNC, women who develop obstetric fistula following labour may
choose to seek care for management of this condition. Probability of care seeking is
calculated at the point of fistula onset via a multiplicative linear model using parameters
sourced directly from a pooled analysis of data from women experiencing fistula across
multiple countries in SSA conducted by Gebremedhin et al. (75) described in Table S37.
Treatment is scheduled on a random date between days seven and forty-two after birth for
those seeking care and currently treatment is assumed to be effective for all women who
attend. Treatment within the module simply resets the maternal variable signifying fistula
which in turn removes associated disability weight. For simplicity, there are no required
consumables for the delivery of this treatment, yet consumables are logged when treatment

is delivered.

116



Parameter Name Description Value* Source and/or relevant calculation
odds_care_seeking_fistula_repair The odds that a woman aged 20 or more, with 1.5 Gebremedhin et al.(75) conducted an analysis of DHS survey
more than primary education who has data from across SSA to estimate care seeking for fistula
developed an obstetric fistula will seek care for alongside the effect of sociodemographic variables on odds of
treatment care seeking. They reported that 60.3% (95% Cl: 56.9-63.6%) of
women with fistula sought care for repair. As such, the odds of
fistula repair shown here are calculated as 0.60/ (1- 0.60).
aor_cs_fistula_age_15_19 The effect of a mother being 15-19 years old 0.31 See odds_care_seeking_fistula_repair. Sourced directly from
compared to 35 years and above on the odds Gebremedhin et al. (75).
that she will seek care for fistula repair
aor_cs_fistula_age_lowest_education | The effect of a mother having primary 0.69 Sourced directly from Gebremedhin et al.(75).

education or lower compared to secondary
education or higher on the odds that she will
seek care for fistula repair

Table S37 — Parameters relating to care seeking following obstetric fistula
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Treatment

Logged consumables

Modelled effect and source

Obstetric fistula case
management

Optional: Halothane (fluothane),
Ceftriaxone 1g, Metronidazole
200mg, Scalpel blade,

Cannula iv, Paracetamol,
Diclofenac injection, Pethidine, 50
mg/ml, 2 ml ampoule’, Foley
catheter, Urine bag 2000ml,
Hartmann’s solution 1000 ml,
Sodium chloride injectable
solution 0.9 % 500 ml, Giving set

Treatment is assumed to be 100%
effective in repairing an obstetric
fistula. Treated women therefore
do not accrue any monthly
disability weight associated with
obstetric fistula.

Table S38 — Details of obstetric fistula case management health system interaction within the MPHM
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3 — Health condition modelling

In this section the models for each of the maternal and neonatal conditions included in the
MPHM are described. For each model the condition is defined, aetiology and epidemiology
are briefly outlined, present a diagrammatic representation of the model® is presented
which is then described with supporting evidence alongside further details of treatment,
followed by a table of all associated parameters and data sources. Where relevant, we
highlight any simplifying assumptions which have been made during the process of model

development.

3.1 Maternal complication models

3.1.1 Ectopic Pregnancy

3.1.1.1 Condition overview

Ectopic pregnancy (EP) refers to any pregnancy in which implantation of the embryo occurs
outside of the uterus (76). Most commonly implantation occurs within the fallopian tube
but may also occur in the cervix, abdominal cavity, or other sites (77). EP occurring within
the fallopian tube, Tubal EP, is likely caused by both impairments within the embryo-tubal
transport system and changes to the tubal environment leading to early implantation,

however the current evidence is limited (77).

Predictors of EP which were identified in the literature from neighbouring settings to
Malawi included previous pelvic inflammatory disease (PID), previous sexually transmitted
infection (STI) and maternal smoking (78—-81). At the time of MPHM design PID and STl are
not modelled in the TLO framework meaning we were unable to model a relationship
between these conditions, however if included in future iterations of the model, then these
relationships can be incorporated. In addition, whilst maternal smoking is modelled, the
prevalence is very low in women in Malawi (0.6% (11)) and for simplicity this was also not

included as a predictor of EP in the model.

3 Within each figure light blue boxes represent the natural history in the absence of treatment and light green
boxes represent treatment. Bold text represents model parameters.
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In many instances untreated EP can lead to significant morbidity and mortality in mothers
and is a leading cause of death during the first trimester of pregnancy (82). In tubal EP,
death occurs via rupture of the fallopian tube leading to haemorrhage and hypovolaemic
shock (76,83,84). In SSA effective diagnosis and management of EP is hampered by limited
use or availability of diagnostic ultrasound and late-presentation to health-service often

after fallopian tube rupture, leading to shock (84).

Globally the incidence of ectopic pregnancy appears to vary considerably between settings
and populations but is likely around 1-2% of all pregnancies but may be as high as 5% in

women using assisted reproductive technology to conceive (665). Reliable estimates of the
incidence of ectopic pregnancy in Malawi are lacking and therefore the incidence rate used

in the model was taken from Panelli et al. (76) as shown in the table below.
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3.1.1.2 Model

Figure S7 describes the model of ectopic pregnancy and the Table S39 describes the relevant

prob_ectopic_pregnancy_death

para meters.
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Figure S7 — Model of ectopic pregnancy

A probability of EP is applied to all newly pregnant women at initiation of pregnancy,

prob_ectopic_pregnancy, as seen in see Figure S7. This probability was calculated from

estimated incidence of EP reported by Panelli et al. (76) leading to a mean rate of 10 EP per

1000 pregnancies within the population. For women who experience EP, a probability of

care seeking prior to rupture, prob_care_seeking_ectopic_pre_rupture, is applied at

between 6-8 weeks GA with this time step chosen to mimic probable onset of symptom

triggering care seeking after discussion within clinical experts (54).
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Failure to receive treatment leads to rupture at between 8-10 weeks GA (85). Probability of
care seeking for treatment following rupture is assumed to be equal to the probability of
care seeking following other abortive outcomes, prob_seek_care_pregnancy_loss,
probability of death is applied to all individuals who experience rupture,

prob_ectopic_pregnancy_death.

We have chosen to exclude the possibility of non-tubal ectopic pregnancies (incidence 5-8%
of all ectopic pregnancies (86)) due to low incidence within an already rare event. Non-tubal
ectopic pregnancies can progress to a greater gestation and in some, very rare cases, have
led to live births (87). As such it is assumed all ectopic pregnancies in the model end in
abortion of the foetus and end of viable pregnancy. Additionally, it is assumed that ectopic
pregnancy and its associated complications do not affect the future probability of an
individual in the data frame becoming pregnant again due to evidence that future fertility

remains largely unaffected following treatment (88,89).

3.1.1.2.1 Treatment

As evident in Figure S7, the probability of treatment before rupture is equal to the product
of prob_care_seeking_ectopic_pre_rupture and the probability of availability of
consumables required to deliver the necessary treatment (Table S21) defined as [[ci. If
treatment is delivered successfully prior to rupture, it is assumed that, because rupture is on
the causal pathway to death, risk of death is not applied to those successfully treated at this
stage. Otherwise, successful receipt of treatment following rupture leads to a reduced risk

of death because of treatment, treatment_effect_ectopic_pregnancy_treatment.
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3.1.1.3 Data sources and parameters

Parameter Name Description Value* | Notes on data sources and relevant calculations
prob_ectopic_pregnancy The per-pregnancy risk of ectopic 0.01 We were unable to identify a reliable data source for the rate of EP
pregnancy within the population in Malawi. As such a conservative rate of EP
of 10 per 1000 pregnancies (1%) as reported by Panelli et al. (76) is
assumed.
prob_care_seeking_ectopic_pre_rupture The probability a woman with 0.08 Flores et al. (84) conducted a systematic review of SSA studies
experiencing ectopic pregnancy will evaluating ultrasound diagnosis of EP in which the authors
seek care prior to rupture estimate the proportion of EP cases receiving treatment that were
ruptured on admission as 92.3%. It is therefore assumed that only
8% of women seek care prior to rupture and used this value to
represent the probability of care seeking prior to rupture in the
model.
prob_ectopic_pregnancy_death The probability of death from a 0.02/ | The model has been calibrated to both the reported MMR in 2010
ruptured EP 0.012 | and 2015 sourced from the Malawian DHS surveys in those years

(11,12) and the proportion of total direct maternal deaths by
cause soured from the 2010 and 2015 Malawian EmONC needs
assessments (33,34).

As such untreated case fatality parameters have been estimated
through the process of calibration to ensure that the model
replicates both the assumed MMR and the proportion of deaths by
cause. Additional detail is provided in §4.
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treatment_effect_ectopic_pregnancy_treatment | The effect of treatment of ruptured
EP on risk of death from EP

0.1

Sourced directly from Pollard et al. (37) in which the authors
estimate the effect of ectopic pregnancy case management on
maternal death due to ectopic pregnancy via a Delphi survey of
relevant experts. Effectiveness is reported as 90%.

* Where two values (or sets of values) are provided the first set is applied from 2010-2014 and the second set from 2015 onwards for a given simulation run (§1.2.1.1)

Table 539 — Parameters of the ectopic pregnancy model
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3.1.2 Spontaneous and induced abortion
3.1.2.1 Condition overview

3.1.2.1.1 Spontaneous abortion

Spontaneous abortion (SA), often referred to as miscarriage, is defined as any pregnancy
loss, excluding induced abortion or ectopic pregnancy, in the first 28 weeks of pregnancy,
whilst pregnancy loss following 28 weeks is classified as stillbirth (90). Despite the regularity
in which women experience SA, the aetiology of primary and recurrent SA is not well
understood and remains unknown in most cases (91). However commonly cited predictors
of SA include maternal age and previous early pregnancy loss (92). These factors were also
identified during review of the literature and are included in the model (93) as shown
below. SA is a significant driver of maternal morbidity due to potentially long-lasting
psychological impact on mothers (94) and in some settings is also associated with several

possibly life-threatening complications including maternal sepsis and haemorrhage (95,96).

SA is a common outcome of pregnancy with an estimated 15% of all global pregnancies
ending spontaneously (97). However, there is likely considerable uncertainty around this
estimate as the population level incidence of SA is not routinely collected in many countries
across the globe (97). In addition, due to similarities in presentation at health services it is
often difficult to distinguish between spontaneous or induced abortion, especially in
countries with restrictive abortion laws where women may be less likely to disclose,
meaning estimates of incidence and outcomes are often mixed under a heading of abortion
(98). Polis et al. (98) estimate this total number of SA cases in Malawi in 2015 leading to an
approximate rate of 153 spontaneous abortions per 1000 pregnancies as discussed in Table

S40.

3.1.2.1.2 Induced abortion

Induced abortion (IA) is defined as “the termination of pregnancy using drugs or surgical
intervention after implantation and before the embryo or foetus has become independently
viable” (99). IA, when performed by an appropriate method, a trained healthcare
professional in an appropriately equipped healthcare facility and at the correct GA, is a safe

procedure of which the provision is essential to women’s rights to sexual and reproductive
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healthcare (100). However, in many settings, access to safe IA is restricted to circumstances
in which the life of the mother is at risk from the continuation of the pregnancy (101). This
has led to widespread practice of unsafe IA which is associated with considerable morbidity
and mortality in many settings and in 2014 was estimated to constitute as many as 45.1% of
all abortions globally, with the greatest density of these situated in the countries with the

most restrictive abortion laws (102).

Despite recent shifts in political priority towards liberalising abortion laws (103), Malawi is
one such country in which access to safe |A is restricted to circumstances where it is
essential to preserve a woman'’s life due to laws introduced during colonisation by the
British Empire (104). As such, the incidence of complications associated with IA is high in
Malawi and in 2015 an estimated 51, 693 women who underwent IA required post-abortion
care at a health facility (98). Facility based studies in Malawi report a case fatality rate of

387 deaths per 100,000 post abortion care procedures mainly due to sepsis and blood loss

(1).

Several contemporary studies have identified predictors for |IA in sub-Saharan Africa.
Commonly reported factors included marital status, maternal age, maternal education,
intimate partner violence within the current relationship and unintended pregnancy (106—
112). Through the review process during this study it was deemed that most of these
characteristics are likely related to IA through unintended pregnancy. However, at the time
of writing the proportion of unintended pregnancies within the model, generated via the
contraception module, does not match the proportion estimated by Polis et al. (98), the
study from which IA incidence in the model is sourced. This is because in the contraception
model only women who experience contraception failure experience an unintended

pregnancy. Due to this, a fixed monthly risk of IA has been applied to all women.

Globally there is considerable heterogeneity in the national and regional rates of both
unintended pregnancy and IA with the greatest range in estimated incidence rates found in
SSA largely due to lacking data (113). In this region Bearak et al. (113) estimated that in
2015-2019, 91 (80% Ul 86 to 97) pregnancies per 1000 women of reproductive age are
estimated to be unintended and 34 (80% Ul 29 to 38) per 1000 end in IA. Nationally
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representative survey data from Malawi estimated a national rate of 38 abortions (95% Cl:
32 to 43) per 1000 women aged 15-49 in 2015 with 53% of all pregnancies estimated to be

unintended, 30% of which end in abortion (98).
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3.1.2.2 Models

3.1.2.2.1 Spontaneous abortion

Figure S8 describes the model of spontaneous abortion and Table S40 contains the relevant

parameters.

Pregnant

woman(t)
prob_spontaneous_abortion_per_month
X rr_spont_abortion_age 31 34
X rr_spont_abortion_age_35

Y X rr_spont_abortion_prev_sa
Spontaneous
Abortion

prob_complicated_sa

:

!

Spontaneous Spontaneous
Abortion - Abortion -
Uncomplicated Complicated
prob_sepsis_ prob_haemorrhage_ 1 - (prob_haemorrhage_post_abortion

post_abortion

post_abortion

+ prob_sepsis_post_abortion

{

4

Y

Abortion Abortion Abortion (Multiple complications
complication - complication - complication - can co-exist)
Sepsis Haemorrhage ‘Other’
; Y prob_seek care _pregnancy_loss x
prob_hcw_avail_retained_prod x
Unreated Treatment - mean_hcw_competence_hp x
Post abortion care ei(t)
prob_spontaneous_abortion_death
prob_spontaneous_abortion_death
X (treatment_effect_post_abortion_care* x
A treatment_effect_modifiert)

*if intervention delivered...

Death tif delays were experienced...

Survival Survival Death

Figure S8 — Model of spontaneous abortion

A probability of SA is applied to all pregnant women on the final week of each month of
pregnancy up until 28 weeks’ GA. This probability for a given month, Y is calculated via the

following multiplicative model:
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Yty = prob_spontaneous_abortion_per_month,
* (age_years_31_34 * rr_spont_abortion_age_31_34)
* (age_years_35_plus * rr_spont_abortion_age_35)
* (ps_prev_spont_abortion * rr_spont_abortion_prev_sa)

(8)

Here, prob_spontaneous_abortion_per_month, is the intercept value of the multiplicative
model, the risk of SA at time () for a woman for whom there is no effect of predictor
variables (i.e. she is younger than 31 years and has not had a previous SA) whilst
rr_spont_abortion_age_31_ 34, rr_spont_abortion_age_35, rr_spont_abortion_prev_sa
are the effects of being aged 31 to 34 years, being aged 35 years and older and having

previously experienced SA on risk of SA (93).

The total rate of SA In the model, 153 SA per 1000 pregnancies, is derived from a Malawian
study estimating the incidence of induced abortion in Malawi in which the authors also
estimate the number of SA and pregnancies in Malawi in 2015 (98) as described further in

Table S39.

Following onset, a fixed probability of developing complications associated with
spontaneous abortion is applied, prob_complicated_sa. As evident in Figure S8, the
complement of this probability determines an uncomplicated pregnancy loss in which
women experience no adverse complications and simply stop being pregnant in the model.
For those individuals for which this pregnancy loss will be complicated, the type or types of
complications they experience are determined include sepsis, haemorrhage or ‘other’. Risk
of haemorrhage, prob_haemorrhage_post_abortion, and risk of sepsis,
prob_sepsis_post_abortion, are applied sequentially with the model allowing for co-
occurrence of both complications within a single individual. If it is determined neither of
these complications will occur the individual is assumed to be experiencing ‘other’
complications. These complications were selected after review of studies of evaluating
common clinical outcomes in women presenting for care in Malawi and other LMIC settings
(105,114). Parameter prob_seek_care_pregnancy_loss is the probability that an individual

will seek care following a complicated SA.
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3.1.2.2.2 Induced abortion
Figure S9 describes the model of induced abortion and Table S40 contains the relevant

parameters.
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Pregnant
woman(t)

Y

Induced
abortion

[

prob_complicated_ia

Y

Induced abortion

v
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prob_induced_abortion_per_month
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X (treatment_effect_post_abortion_care*
J prob_induced_abortion_death x treatment_effect_modifiert)
*f intervention delivered...
v tif delays were experienced...
Survival Death Survival Death

Figure S9 — Model of induced abortion
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A monthly risk of IA, prob_induced_abortion_per_month, is applied to all pregnant women
on the final week of each month of pregnancy up until 28 weeks. It is assumed that IA may
occur from week 8 in line with data from the US which suggests that mean GA of pregnancy
awareness is around 5.5 weeks (115), therefore the 8-week time step was chosen to begin
risk application for IA to account for this and time for decision making relating to
termination. As with SA, IA parameter determines if complications occur,
prob_complicated_ia, after which probabilities determining complication type are applied,
including risk of having experienced injury post induced abortion,
prob_injury_post_abortion. Parameter prob_seek_care_pregnancy_loss is the probability

that an individual will seek care following a complicated IA.

Whilst most abortions conducted in Malawi occur outside of the formal health system, given
they are illegal, there is likely a gradient in abortion safety depending on the method and
practitioner given that not all illegal abortions are as unsafe as others. This thinking is
evident in recent studies estimating global abortion safety, where researchers have
categorised abortions as safe, less safe, and least safe (102). For simplicity we have opted to
apply a fixed risk of complication associated with induced abortion instead of grading

abortions by assumed safety, as described above.

3.1.2.2.3 Treatment

As evident in Figures S8 and S9, for those women who seek care following complication
onset, the probability of intervention delivery is dependent by the EmMONC quality
parameters defined in §2.3, in addition to the availability of consumables. Listed. As the
clinical interventions defined in Malawian clinical guidelines are delivered dependent on
presenting complications (e.g., signs of infection) (32) it is assumed that care can only be
delivered if the consumables for complication specific treatment are available. For example,
women who are post-abortion, seek care and are experiencing sepsis will require antibiotic
treatment, if available, to benefit from care. Whilst this approach is taken to capture the
probability of treatment delivery related to specific type of complication, we have opted to
utilise a fixed treatment effect for successful PAC, treatment_effect_post_abortion_care,
regardless of complication type due to limited estimates of complication specific treatment

effects in the context of SA or IA.
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3.1.2.3 Data sources and parameters

previously experienced a SA on the
monthly risk of SA

Parameter Name Description Value* Notes on data sources and relevant calculations
prob_spontaneous_abortion_per_month | This parameter is scaled at intialisation [0.025, The assumed rate of SA in the model is sourced from Polis et al
of the simulation to account the 0.037,0.05, | (98) in which the authors report the estimated the total
distribution of maternal ages and 0.037, number of SA, IA, and pregnancies in 2015 in Malawi via a
proportion of women who have 0.025] nationally representative survey of health facilities. The rate, is
previously experienced spontaneous calculated as the total number of SA divided by total
abortion at baseline. Once scaled, as the pregnancies (x 1000), is equal to 153 SA per 1000 pregnancies.
simulation runs this parameter is the
- In line with evidence from a prospective study conducted in
probabilities that a pregnant woman
Kenya evaluating weekly SA rates in a pregnant cohort (93) The
younger than 31 years who has not
. . . probabilities within this parameter have been adapted to
experienced a SA previously will ) ) )
e 8 SR i L, 2, 2 4 6 3 replicate a greater risk of SA in month 3 of pregnancy.
of pregnancy
rr_spont_abortion_age_31_34 The effect of a pregnant woman being 231 Sourced directly from Dellicour et al. (93) in which the authors
aged between 29 and 35 years report weekly miscarriage rates for a cohort of pregnancies
compared to 15-20 years on the (1134 total) in rural Kenya alongside the effect of
monthly risk of SA sociodemographic and health variables on overall risk of
miscarriage. Similar data was not available from Malawi.
rr_spont_abortion_age_35 The effect of a pregnant woman being 4 See rr_spont_abortion_age_31_ 34.
aged 35 years or older compared to 15-
20 years on the monthly risk of SA
rr_spont_abortion_prev_sa The effect of a pregnant woman having 2.23 See rr_spont_abortion_age_31_ 34.
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prob_complicated_sa

The probability that a woman who
experiences a SA will experience any
complications

0.11

See prob_spontaneous_abortion_per_month. Polis et al (98)
also estimated the total number of spontaneous abortion cases
requiring treatment in Malawi in 2015. To calculate this
parameter, the total cases of SA was divided by the total cases
requiring treatment to arrive at 11.2% risk of requiring
treatment following SA. Whilst this is unlikely to represent the
true risk of complications post SA, as an unknown number of
women will not have sought care, it is assumed to be a suitable
proxy within the model.

prob_haemorrhage_post_abortion

The probability that a woman
experiencing a complicated SA will
experience a haemorrhage

0.23

We were unable to identify an estimate for the proportion of
women who experience a haemorrhage as a complication of
abortion in Malawi. As such an estimate from Calvert et al.
(114) is utilised who estimated the pooled prevalence of
haemorrhage in women with abortion (both induced and
spontaneous) related hospital admissions in settings with
limited access to abortion via a systematic review. The authors
report this value at 23% which is assumed to be equal to the
risk of bleeding post abortion however this is likely an
underestimate due to missing data on women who did not
seek care.

prob_sepsis_post_abortion

The probability that a woman
experiencing a complicated SA will
experience sepsis

0.137

A cross-sectional facility-based study in Malawi estimated the
proportion of women receiving post abortion care who
experience sepsis (113). 13.7% of participants were reported to
be septic at admission which is assumed this to be equivalent
to the risk of sepsis post abortion however this is likely an
underestimate due to missing data on women who did not
seek care.
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treatment_effect_post_abortion_care The effect of post abortion care on risk 0.2 Sourced directly from Pollard et al. (37) in which the authors
of death following spontaneous or estimate the effect of post abortion care on maternal death
induced abortion due to abortion via a Delphi survey of relevant experts.
Effectiveness is reported as 80%.
prob_spontaneous_abortion_death The probability that a woman will die 0.01/0.005 | See prob_ectopic_pregnancy_death in Table S39.
due to complications following a SA
without treatment
prob_induced_abortion_per_month The probability that a woman who is 0.038 See prob_spontaneous_abortion_per_month. The assumed
currently pregnant and in month 2, 3, 4 rate of IA in Malawi is also sourced from Polis et al. (98) in
or 5 of her pregnancy which the total number of 1As in Malawi in 2015 was
estimated. The rate is calculated as the total number of IA
divided by total pregnancies (x 1000), which gives a rate of 159
IA per 1000 pregnancies. As this rate, given the other
assumptions relating to the use and availability of healthcare,
led to too many deaths in the model attributed to abortion it
was reduced slightly. This parameter was derived through
calibration to this lower rate.
prob_complicated_ia The probability that a woman who 0.37 See prob_induced_abortion_per_month. Polis et al. (98) also

experiences an induced abortion will
experience complications

estimated the total number of IA requiring treatment in
Malawi in 2015. To calculate this parameter, the total cases of
IA is divided by the total cases requiring treatment to arrive at
37% risk of requiring treatment following IA. Whilst this is not
likely to accurately represent the true risk of complications
post IA, as an unknown number of women will not have sought
care, it is assumed to be a suitable proxy within the model.
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prob_injury_post_abortion

The probability that a woman
experiencing a complicated abortion will
experience an injury

0.056

We were unable to identify an estimate for the proportion of
women who experience an injury as a complication of IA in
Malawi. As such an estimate from Calvert et al. (114) is utilised
who estimated the pooled prevalence of abortion (both
induced and spontaneous) related hospital admissions
secondary to injury in settings with limited access to abortion
via a systematic review. The authors report this value at 5.6%
which is assumed to be equal to the risk of injury post abortion
however this is likely an underestimate due to missing data on
women who did not seek care.

prob_induced_abortion_death

The probability of death from a
complicated induced abortion

0.005 /
0.0025

See prob_spontaneous_abortion_death.

* Where two values (or sets of values) are provided the first set is applied from 2010-2014 and the second set from 2015 onwards for a given simulation run (§1.2.1.1)

Table 540 — Parameters of the spontaneous and induced abortion models
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3.1.3 Maternal Anaemia

3.1.3.1 Condition overview

In Malawi anaemia during or following pregnancy is defined as a maternal haemoglobin
level (Hb) of less than 11 grams/decilitre (g/dl) at any GA (32). Several causative factors of
anaemia have been identified within the literature suggesting a complex aetiology due to
the co-existence of and interaction between multiple factors in one woman (116-118). In
SSA and southeast Asia these factors most commonly include iron, vitamin B-12 and folate
deficiencies, hookworm infection, malaria parasitaemia and untreated HIV infection (116—
119). In addition to antenatal anaemia, maternal anaemia can, and often does, onset during
the postnatal period or can be present in postnatal women due to pre-existing anaemia
during pregnancy (120,121) and therefore it was important to incorporate postnatal

anaemia within the MPHM.

Anaemia is commonly categorised by severity, which is determined by blood haemoglobin
(Hb) level, with Malawian clinical guidelines defining levels of between 10.0-10.9
grams/decilitre (g/dl) as mild, 7.0-9.9 g/dl as moderate and a Hb of less than 7.0 g/dl as
severe (32).Within Malawi, mild and moderate cases of anaemia are significantly more
prevalent than severe cases (11), however there is limited data relating to rates of
progression between stages of severity. Maternal anaemia during pregnancy is associated
with both poor neonatal outcomes, including prematurity and maternal outcomes, such as

maternal death (122).

Globally, anaemia during pregnancy is a relatively common condition and is particularly
widespread in countries with a greater burden of communicable disease, such as malaria
and HIV. The estimated prevalence during pregnancy in East Africa ranges from 23.36% to
57.1% (123). Data from Malawi suggests that the prevalence of anaemia during pregnancy
may be as high as 45% with around 23% of women experiencing moderate or severe cases
(112).

3.1.3.2 Model

Figures S10 and S11 describe the models of antenatal and postnatal anaemia and Table S41

describes the relevant parameters.
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Figure S10 — Model of antenatal anaemia
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A monthly risk of developing anaemia is applied to all pregnant women from conception
until the end of pregnancy. Equation 9, demonstrates how monthly risk of anaemia for a
given individual in the model at a given time, Yy, is calculated with components in bold

representing parameters and those in italics representing individual level variables?:

Y+, = baseline_prob_anaemia_per_month,
* (ac_receiving_iron_folic_acid
* treatment_effect_iron_folic_acid_anaemia)
* (ma_is_infected » rr_anaemia_maternal_malaria)
* (hiv_inf = hiv_art * rr_anaemia_hiv_no_art)

(9)
As shown from this equation, Malaria infection (124), untreated HIV infection (125) and
receipt of daily iron and folic acid (IFA) supplementation (42), as the primary predictors of
anaemia within the model. Both malaria and HIV are modelled explicitly within the TLO
framework whilst other possible causative agents — including hookworm infection — have
not been deemed necessary to model due to their limited impact on population level
morbidity and mortality. Additionally, to ensure model parsimony and due to limitations in
the availability of data we opted not to build in additional modelling of micronutrient
deficiencies associated with anaemia. Daily IFA supplementation is initiated through
attendance of ANC as described in §3.1.3.2.1 and reduces risk of anaemia acquisition as
shown by parameter effect_of_ifa_for_resolving_anaemia. Severity of anaemia is
determined for all newly anaemic women via a probability weighted random draw, using

probabilities in prob_mild_mod_sev_anaemia.

The same multiplicative model shown above is applied during the postnatal period, which
includes the effect of IFA supplementation which should be continued postnatally. This
means women are at weekly risk of developing anaemia from birth until week six

postpartum. As outlined in §1 the risk of anaemia in the postnatal period is applied weekly.

4 Throughout this section, where a variable name in an equation has the prefix “mni” or “nci” it is not stored in
the population data frame but in an individual-level dictionary. Additionally, where an individual variable does
not take a binary form, the name has been adapted to reflect the variable state which is related to the
parameter.
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We have made two key simplifying assumptions in the development of this model. Firstly, it
is assumed that the onset of anaemia, regardless of severity, does not lead to care seeking.
This decision was made in collaboration with clinical experts who deemed that symptoms
for anaemia are often non-distinct, ignored or absent all together (54) therefore detection
of anaemia only occurs via screening during antenatal or postnatal care. Secondly, anaemia
is not modelled as being a distinct cause of maternal death. Instead, maternal anaemia of
any severity is assumed to increase the risk of death in women who experience obstetric

haemorrhage as described in §3.1.9 and §3.1.13. This is because anaemic women have

reduced oxygen-carrying capacity meaning they are unable to tolerate similar levels of
blood loss when compared to non-anaemic women and therefore they are at greater risk of

mortality following haemorrhage (126).

3.1.3.2.1 Treatment

Modelled women presenting for ANC should be initiated on IFA supplementation regardless
of anaemia status, as indicated in Table S41. However, data from Malawi suggests
adherence to daily treatment is often low (127) possibly due to a combination of factors,
such as reported incidence of side-effects and forgetfulness (128,129). Parameter
prob_adherent_ifa is the probability a woman started on IFA will be adherent. In non-

adherent women it is assumed there is no effect of treatment on risk of anaemia.

Screening for antenatal anaemia occurs in ANC contacts one and six via point of care testing
and, if conducted, anaemic women are scheduled to receive further care as an inpatient>.
Full blood count (FBC) testing is undertaken to determine anaemia severity and if mild or
moderate anaemia is detected, and if the woman is not already receiving supplementation,
then IFA is administered. The parameter effect_of_ifa_for_resolving_anaemia is the
probability that initiation of this treatment will cure current anaemia with future risk of
anaemia onset in pregnancy reduced via treatment_effect_iron_folic_acid_anaemia.
Following the detection of severe anaemia individuals will undergo blood transfusion
dependent on the availability of consumables and trained HCWs leading to a high

probability that anaemia will be cured- treatment_effect_blood_transfusion_anaemia.

> Malawian guidelines are not clear on where treatment for confirmed anaemia is initiated (32). For now it is
assumed to occur within the inpatient HSI.
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Follow up FBC testing is scheduled to occur four weeks post treatment to ascertain
treatment success and anaemia status with additional treatment scheduled if required. As
shown in Figure S11, women presenting for PNC are also assumed to be screened for

anaemia via FBC testing and will be treated as described here.
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3.1.3.3 Data sources and parameters

daily iron and folic acid supplementation on
her monthly risk of developing anaemia

Parameter Name** Description Value* Source and/or relevant calculation
baseline_prob_anaemia_per_month This parameter is scaled at initialisation of the | 4.2 /0.12 | The prevalence of anaemia at birth for pregnant
simulation to account for the prevalence of women in Malawi is reported as 37.5% in the 2010
HIV within the modelled population. Once Malawi DHS survey and 45.1% in the 2015 survey
scaled, as the simulation runs, this parameter (11,12). The parameters presented here were
is the probability that a pregnant woman derived through calibration to these prevalences in
without malaria, living with treated HIV the pregnant population given that risk of anaemia
infection or living without HIV and not taking is applied monthly.
daily iron and folic acid supplementation will
develop anaemia per month of her
pregnancy.
rr_anaemia_maternal_malaria The effect of a pregnant woman experiencing 1.45 Sourced directly from Ayoya et al. (124) who report
malaria infection compared on her monthly the risk of anaemia given Malaria infection status
risk of developing anaemia for a sample of women in Mali.
rr_anaemia_hiv_no_art The effect of a pregnant woman experiencing 4.19 Sourced directly from Adamu et al. (125) who report
untreated HIV infection on her monthly risk the results of a multinomial logistic regression
of developing anaemia model using data from 14,978 Malawian women
exploring the effect of key variables on risk of
anaemia.
treatment_effect_iron_folic_acid_anaemia The effect of a pregnant woman receiving 0.3 Sourced directly from Pefia-Rosas et al. (42) who

estimate that iron supplementation reduces the risk
of anaemia at term by 70% (RR 0.30; 95% Cl 0.19 to
0.46) via a Cochrane review of RCTs.
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prob_mild_mod_sev_anaemia / The probabilities that a woman who has [0.52, See baseline_prob_anaemia_per_month. Both DHS
prob_type_of_anaemia_pn developed anaemia will develop mild, 0.475, surveys also disaggregate anaemia in pregnancy by
moderate, or severe anaemia 0.005] severity. For example, in the 2015 survey, 22.7% of
/ pregnant women had mild anaemia, 20.8%
moderate and 1.6% severe. To calculate these
[0.50, 0.46, | values, the proportion of pregnant women with
0.04] mild/moderate/severe anaemia is divided by the
total proportion of pregnant women with any
anaemia.
effect_of_ifa_for_resolving_anaemia The probability that a woman who is 0.7 See treatment_effect_iron_folic_acid_anaemia.
mildly/moderately anaemic, and not currently This treatment effect is an assumption. For the
receiving IFA supplementation, will no longer purposes of the model, because we were unable to
be anaemic after the initiation of IFA for the identify a study which suitably quantified the
first time. probability that initiating IFA would resolve current
anaemia, it is assumed that there is a 0.7 probability
initiating IFA will correct current anaemia as Pefia-
Rosas et al (42) show a 70% reduction in anaemia at
term with IFA.
treatment_effect_blood_transfusion_anaemia | The probability that a woman who is severely 0.9 We were unable to identify a study which quantified

anaemic will no longer be anaemic after
receipt of a blood transfusion

the effect of blood transfusion on anaemia status.
Due to clinical guidelines, in which blood transfusion
is guided by repeat haemoglobin measurements
(32), it is assumed that blood transfusion is
extremely effective at resolving anaemia.
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baseline_prob_anaemia_per_week The probability that a postnatal woman [0.017, See baseline_prob_anaemia_per_month. Due to
without malaria, untreated HIV infection and 0.028] lacking data on postnatal anaemia in Malawi the
daily iron and folic acid supplementation will prevalence postnatally is assumed to be the same as
develop anaemia per week of the postnatal in pregnancy. This assumption is supported from
period data from an observational study in Ethiopia
reporting the prevalence of postnatal anaemia as
47.16% (95% Cl; 41.30-53.0) (130).
The parameters presented here were derived by
calibration to this prevalence in the postnatal
population.
prob_adherent_ifa The probability that a woman who is provided | 0.37 /0.34 | Sourced directly from Titilayo et al (131)

iron and folic acid during ANC or PNC will be
adherent to treatment.

and Ba et al. (133) in which the authors extracted
self-reported adherence to IFA from DHS data in
Malawi.

* Where two values (or sets of values) are provided the first set is applied from 2010-2014 and the second set from 2015 onwards for a given simulation run (§1.2.1.1)
** |f two names are provided for the same parameter this means the name varies by python file. Both are provided to ensure clarity when reviewing any code.

Table 541 — Parameters for the anaemia model
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3.1.4 Gestational diabetes

3.1.4.1 Condition overview

Gestational diabetes mellitus (GDM) is defined as “carbohydrate intolerance resulting in
hyperglycaemia of variable severity with onset or first recognition during pregnancy” (133).
Pregnancy is associated with a host of metabolic and endocrine changes undergone by the
mother to support foetal development (134,135). This includes development of increased
insulin resistance later in pregnancy to ensure a slightly elevated blood glucose which
ensures sufficient transport across the placenta to the foetus (136). In some women, due to
a complex relationship between genetic and environmental factors, this insulin resistance

leads to hyperglycaemia classified as GDM (136).

Two systematic reviews of predictive factors associated with gestational diabetes in women
in SSA reported several possible drivers of GDM including history of previous pregnancy loss,
family history of diabetes and maternal overweight and obesity (137,138). From these
factors, obesity was selected as the primary predictor, as seen in equation 10. Family history
was not included, as mother-child dyads are the only family structure captured within the
TLO model and previous pregnancy loss was not included as pregnancy loss, especially
stillbirth, appears to be potentially caused by GDM and therefore is unlikely to be a cause in
and of itself. Outcomes associated with GDM include stillbirth, poor preterm outcomes such
as respiratory distress syndrome, and other foetal outcomes associated with maternal

complications such as foetal macrosomia (139-141).

Several systematic reviews have attempted to estimate the prevalence of GDM in Africa and
SSA (137,138,142) with considerable variation in results, with one study estimating a pool
prevalence as high as 13.61% (95% Cl: 10.99, 16.23) (138). Data from Malawi suggests that
diagnostic criteria can lead to considerable variation in prevalence estimates as prevalence
of GDM was determined to be 1.6% using current WHO GDM diagnostic criteria and 24%
when using the International Association of the Diabetes and Pregnancy Study Groups
(IAGPSG) criteria in women attending ANC in urban Blantyre (143). Differences between
prevalence estimates by diagnostic criteria could be due to the much lower fasting plasma
glucose cut-off level within the IAGPSG criteria compared to the WHO criteria (133, 143,
144).
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3.1.4.2 Model

Figure S12 describes the model of GDM, and Table S42 describes the relevant parameters.

Pregnant
Woman (t)

P(Antenatal Care)* x

prob_intervention_delivered_gdm_test x
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(*represents total probability of
receiving routine ANC in pregnancy)
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Figure S12 — Model of gestational diabetes mellitus
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A per-month risk of GDM onset is applied to all pregnant women from 22 weeks GA (month
five) with this time point being selected as the vast majority of cases onset later in
pregnancy, as normal metabolic processes do not occur, and insulin resistance leads to
uncontrolled hyperglycaemia (136). The total monthly risk of GDM onset, Y(;) in equation 10

is calculated as:

Y(+) = prob_gest_diab_per_month, * (li_bmi_30_plus = rr_gest_diab_obesity)
(10)

Parameters for this equation are shown in Table S42. Obesity was identified as the primary
causal influence on individual probability of gestational diabetes to be included in the model
(145). New-onset GDM is assumed to present as hyperglycaemia whilst successful treatment
leads to glycaemic control as signified in the model variable representing GDM. In the model
it is assumed that uncontrolled GDM will not trigger care seeking and treatment will only be
initiated following successful screening during ANC. This assumption was made based on
input from clinical experts (54). Furthermore, GDM does not lead to maternal death within
the model as death from GDM was determined to be extremely rare during pregnancy (54)
Therefore GDM resolves at birth and whilst there is evidence that women who experience
GDM are at greater risk of type-2-diabetes mellitus (146,147), this relationship is not yet

included in the TLO model and will be considered for future iterations

3.1.4.2.1 Treatment

Cases of GDM detected through screening during ANC require admission to initiate first line
treatment as shown in Figure S12. According to Malawian guidelines, first line treatment is a
trial of diet and exercise to control an individual’s hyperglycaemia and scheduled to return
for a blood glucose test in four weeks’ time (32). After initiation of treatment, a probability
that this treatment will effectively control an individual’s hyperglycaemia,
prob_glycaemic_control_diet_exercise, is applied prior to the follow-up appointment. If the
treatment is effective, no additional action will be taken during the follow-up appointment
and no further follow up is scheduled. If the initial treatment has not been effective, and a
woman’s hyperglycaemia is still ‘uncontrolled’ then she will be started on the next

treatment as per guidelines. Second line treatment is the use of oral antidiabetics, with the
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probability of treatment success shown in parameter prob_glycaemic_control_orals, whilst
third line treatment is the use of insulin, and this is assumed to be completely effective.
Only women who are on treatment and their blood sugar levels are well controlled will
benefit from treatment which reduces the risk of stillbirth via the parameter
treatment_effect_gdm_case_management within the multiplicative model predicting risk

of antenatal stillbirth — this parameter is defined in Table S52 in §3.1.14.
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3.1.4.3 Data sources and parameters

will lead to effective glycaemic control in an
individual with GDM

Parameter Name Description Value Source and/or relevant calculation
prob_gest_diab_per_month This parameter is scaled at intialisation of the 0.0056 | Phiri et al. (143) report the prevalence of GDM in 2,274
simulation to account for the unknown prevalence women attending ANC in five sites in urban Blantyre,
of obesity within the modelled population. Once Malawi as 1.6%. The parameter presented here was
scaled, as the simulation runs this parameter the calculated to generate this prevalence within the model
parameter is the probability that a pregnant when applied monthly to women during pregnancy.
woman, who is not obese, will develop GDM
during her pregnancy applied during months 5-9 of
pregnancy.
rr_gest_diab_obesity The effect of a pregnant woman being obese (BMI 3.97 Sourced directly from Santos et al. (145) who report the
>29) on her risk of developing GDM effect of obesity on risk of GDM from an individual patient
data meta-analysis over a quarter of a million pregnancies
in the US, Europe, and Australia.
prob_glycaemic_control_diet_exercise | The probability that diet and exercise treatment 0.5 As we were unable to identify any reliable estimates of

the probability diet and exercise leads to effective
glycaemic control, therefore the value for this parameter
is assumed.
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prob_glycaemic_control_orals

The probability that oral antidiabetic treatment
will lead to effective glycaemic control in an
individual with GDM

0.936

Sourced directly from Balsells et al. (55) who estimated
treatment failure for Glibenclamide therapy as 6.37% via
a systematic review and meta-analysis of trials evaluating
GDM treatments. As such it is assumed the probability
that treatment affords glycaemic control is 1 — treatment
failure.

Table S42 — Parameters of the gestational diabetes model
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3.1.5 Syphilis

3.1.5.1 Condition overview

Syphilis is a sexually transmitted bacterial infection caused by Treponema pallidum which
spreads via skin-to-skin contact from an individual with active lesions (148). Syphilis is
included within this model, despite having no causative link with pregnancy, due to the
impact of infection on risk of stillbirth (149) and its relatively high incidence in Malawi (150).
Within high burden settings, congenital syphilis secondary to untreated syphilis infection is a
leading cause of stillbirth and in some cases neonatal death following vertical transmission
(149). For simplicity, and as described below, we do not model maternal outcomes of

syphilis infection.

The estimated global prevalence of maternal syphilis Infection during pregnancy Is
approximately 0.69% (95% Cl 0.57- 0.81%), leading to a congenital syphilis rate of 473 (385-
561) cases per 100, 000 live births (149). Of the total congenital syphilis cases Korenromp et
al. (149) estimate that 53% are experiencing adverse birth outcomes including stillbirth,
neonatal death, preterm birth, and clinical cases of syphilis disease (i.e., neonates with
clinical signs of syphilis infection). The prevalence of maternal syphilis appears to be highest
within the African region compared to other settings and is estimated to be around 1.62%
(149). Data of maternal syphilis prevalence during pregnancy for Malawi was extracted from
the quarterly integrated HIV program report and is estimated to be around 2% in 2019
(150).

6.1.3.2 Model

Figure S13 describes the model of syphilis and Table S43 contains the model parameters.
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Figure S13 — Model of syphilis

The parameter prob_syphilis_during_pregnancy, represents the total probability of
developing syphilis during pregnancy. This probability is applied to all women in the model
at the onset of pregnancy to generate the assumed prevalence of maternal syphilis in
Malawi. Onset of infection is scheduled to occur randomly over the length of pregnancy and
is not assumed to trigger care seeking. This simple model is a significant abstraction from
reality and has been included within the MPHM to capture the effect of syphilis screening
and treatment during ANC on the risk of stillbirth in the population. As such two main
simplifying assumptions have been made within this model. First, we have opted not to
model any maternal outcomes of untreated syphilis infection and assume that either

following treatment, or the end of pregnancy, any infections will end. Secondly, apart from
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the effect of syphilis on stillbirth we have chosen not to model congenital syphilis infection
in surviving neonates. Whilst congenital syphilis infection in newborns is an important cause
of death in children under-five globally (149,152) it was deemed outside of the remit of the
MPHM model at this time due to the models focus on maternal and early newborn

outcomes.

6.1.3.2.1 Treatment

Screening occurs during routine ANC for those mothers who seek care. If screening occurs,
and the relevant consumables are available, then antibiotic therapy can be administered
which, for the purposes of the model, is assumed to be 100% effective at treating infection.
The effect of this intervention on perinatal outcomes occurs by removing the effect of

syphilis infection on risk of stillbirth as demonstrated in §3.1.14.

6.1.3.3 Data sources and parameters

Parameter Name Description Value* | Source and/or relevant
calculation
prob_syphilis_during_ | The per-pregnancy probability 0.026 | The prevalence of syphilis during
pregnancy that a woman’s pregnancy is pregnancy in Malawi was
complicated with syphilis reported as 2% in the 2019
infection Integrated HIV Program Report

(150). This source was used as
90% of a cohort of over 160,000
women during ANC were
screened for syphilis indicating a
likely accurate estimate of
prevalence in this population.
This parameter has been derived
through calibration to this
prevalence.

Table 543 — Parameter of the syphilis model
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3.1.6 Premature rupture of membranes

3.1.6.1 Condition overview

Rupture of the amniotic membranes at the onset of labour is a normal part of the
physiological process of birth, however premature rupture of these membranes, which can
occur at any point in pregnancy prior to this, is a significant complication. Infective
processes are thought to drive premature rupture of membranes (PROM), especially if
occurring early in pregnancy (153), with studies in SSA identifying common gynaecological
and sexually transmitted infections as the most common conditions associated with PROM
(154,155). At the time of writing there is no modelling of either STIs (excluding HIV and
syphilis) or other genital tract infections within the TLO framework, therefore these

predictors have not been included.

PROM has been included within the model due to its relationship with both maternal and
perinatal outcomes. Commonly, PROM is associated with poor neonatal outcomes, largely
due to the relationship between PROM and preterm birth (§3.1.1) and neonatal sepsis
(§3.2.3), as preterm neonates in most settings experience greater rates of morbidity and
mortality (156,157) as explored in §3.2.1. In addition to poor neonatal outcomes, PROM is
associated with maternal infection which may lead to sepsis and mortality in some cases

(158) as modelled in §3.1.6.

Estimates of the number of pregnancies that are complicated by PROM globally are lacking,
however results from large hospital-based studies suggest that around 3% of singleton
pregnancies are complicated by PROM (159). Within SSA there is variation in reported
estimates of PROM with studies in South Africa and Nigeria estimating an incidence of 2.7%
(95%Cl 1.9-3.4) and 4.2% respectively, whilst a systematic review of studies from Ethiopia
reporting a much greater pooled prevalence of 9.2% (95% Cl 5.0-16.4) (160-162). Due to a
lack of estimates from Malawi the incidence rate from Onwughara et al. (160), a study

conducted in South Africa, is used in the model as discussed in Table S44.
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3.1.6.2 Model

Figure S14 describes the model of PROM and Table S44 contains the model parameter.

Pregnant
woman (t)

prob_prom_per_month

\

Premature rupture of
membranes (PROM)

prob_seek care
l pregnancy_complication

prob_hcw_avail iv_abx x

mean_hcw_competence** x
I l Mei(®
Untreated U Treatment -
Delivery Prophylactic Antibiotics
Risk of antenatal sepsis... Reduced risk of intrapartum sepsis...

Figure 514 — Model of premature rupture of membranes

A fixed per-month risk of PROM, prob_prom_per_month, is applied to all women from 22
weeks GA. The onset of PROM is assumed to trigger possible care seeking as an antenatal
emergency following onset, allowing for treatment to be initiated as shown in Figure S14.

Untreated PROM can lead to antenatal sepsis as described later in this section.

3.1.6.2.1 Treatment

Treatment for PROM as described in Malawian guidelines includes administration of
prophylactic antibiotics and, for women who are not already in labour, admission and
scheduled delivery via induction of labour. This is replicated in the model with delivery
scheduled for women after reaching 37 weeks GA. The effect of prophylactic antibiotics on

maternal and neonatal outcomes is described in §3.1.6.and §3.2.3 respectively.
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3.1.6.3 Data sources and parameters

Parameter Name Description Value* | Source and/or relevant calculation

prob_prom_per_month | The monthly 0.0064 | The assumed rate of PROM in the model is
probability that a sourced from a study conducted by
pregnant woman will Onwughara et al. (160). The authors
experience PROM observed the number of PROM cases in
applied during 1758 deliveries at a regional hospital in
months 5-9 of South Africa reporting a rate of 27 cases per
pregnancy. 1000 births. This study was chosen due to

lacking data from Malawi and geographic
proximity.

The Initial value was calculated as (27/1000)
/ 5 (months risk is applied) = 0.0054. This
value was then manipulated during
calibration to generate the correct rate at
birth (given the rate of pregnancy loss in the
population).

Table S44 — Parameter of the PROM model
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3.1.7 Preterm and post term labour

3.1.7.1 Condition overview

Term gestation, or birth at term, is usually defined as delivery between 37- and 41-weeks
GA (163). Births occurring before this are classically defined as preterm and those occurring
after are categorised as post term with both ‘early’ and ‘late’ births being associated with
poor foetal and neonatal outcomes, such as stillbirth and neonatal mortality (163). Preterm
birth can be further sub-categorised as either early preterm, occurring between 24- and 33-

weeks GA, and late preterm occurring between 34- and 36-weeks GA (165).

Whilst the aetiology of preterm birth has been extensively researched within the literature
some authors suggesting the underlying causes of preterm birth remain poorly understood
(165). However, epidemiological research has identified several key drivers on preterm
birth, especially in high burden settings. Following review of the literature from Malawi and
surrounding territories, the following factors impacting risk of preterm birth were identified
for inclusion in the model: PROM (166), maternal anaemia (164,166,167), maternal malaria
(164,166,167) and twin pregnancy (166). Despite the potentially causal relationship
between maternal malaria and anaemia, data from a study within Malawi suggests the

effect of these factors is likely independent (168).

Globally, preterm birth is reported as the leading cause of neonatal death (169). Mortality
associated with prematurity is driven by several possible life-threatening complications
including preterm respiratory distress syndrome, necrotising enterococcus, intraventricular
haemorrhage, hypothermia, and sepsis (170). Additionally, preterm neonates who survive
into child and adulthood are considerably more likely than their term counterparts to
experience neurodevelopmental disability (15,171,172). Complications associated with

prematurity are included in the neonatal model and discussed in detail in §3.2.1.

Post term pregnancy, where pregnancy continues beyond 41-weeks GA, does not have a
clear aetiology, however evidence suggests that maternal obesity may be a driver for
pregnancies continuing past term (173), with this relationship included in the model. Poor

perinatal outcomes associated with post term pregnancy appear to be less substantial than
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those from preterm birth; however, there is strong evidence to suggest that post term
pregnancy is associated with an increased risk of stillbirth, which increases with each week

the pregnancy progress (174), as depicted in the model currently.

Preterm and post term delivery are relatively common globally with evidence of
international variation in incidence. The average global rate of preterm birth in 2014 was
estimated to be approximately 10.6% (Ul 9-0, 12-0) leading to nearly fifteen-million preterm
live births for that year, but this rate is reported to be much higher within northern Africa
(13-4% (6-3, 30-9)) and SSA (12:0% (86, 16-7)) (175). Recent estimates of the PTB rate in
Malawi are provided by Chawanpaiboon et al. (175) who predict a rate of 10.5 (Ul 7.4, 14.3)
preterm births per 100 births (see Table $45). Conversely, data on post term birth incidence
at the global level is limited, but a cohort study evaluating over six million pregnancies in
China reported that 1.16% of births occurring after term occurred after 42 weeks GA (176).
In Malawi, van den Broek et al. (164) report a higher rate of post term birth, 3.2%, in a

cohort of pregnant Malawians, which is used in the model.
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3.1.7.2 Model
Figure S15 describes the model of preterm and post term birth with Table S45 containing

the relevant parameters.

Pregnant
Newly pregnant woman (t)
woman (28 weeks)
risk_post term_labour baseline_prob_early_labour_onset
X rr_potl_bmi_30 35 X rr_preterm_labour_post_prom
X rr_potl_bmi_35+ X rr_preterm_labour_anaemia
X rr_preterm_labour_malaria
¢ ‘ v x rr_preterm_labour_multiple_pregnancy
Term Labour FEEHL Preterm Labour
Labour

(37-40 weeks) (29-36 weeks)

(241 weeks)

Figure S15 — Model of post term and preterm birth

As shown in the figure above, at the initiation of each pregnancy the newly pregnant
woman is scheduled to go into labour and give birth after 36 weeks GA either at term or

post term. An individual’s risk that labour will continue beyond 40 weeks is calculated as:

Y(t) = risk_post_term_labour x (li_bmi_30_35 = rr_potl_bmi_30_35)
* (li_bmi_35plus * rr_potl_bmi_35 +)

(11)
As explained above, it is assumed that around 3.2% of pregnancies in Malawi continue past
41 weeks, in line with data from the country (164) and include maternal obesity as a
predictor. Since this risk is applied following conception, equation 11 generates the rate of
post term birth in the model accounting for pregnancy loss and the rate of preterm birth

applied to women as their pregnancy progresses discussed below.

To generate the correct assumed rate of preterm labour in the model, from 28 weeks GA
the risk of preterm labour onset is applied to all women on a monthly timestep until they
reach term gestation. This risk of preterm labour onset for a given month is calculated as

follows:
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Y+, = baseline_prob_early_labour_onset

* (ps_premature_rupture_of _membranes * rr_preterm_labour_post_prom)

* (ps_multiple_pregnancy * rr_preterm_labour_multiple_pregnancy)

* (ps_anaemia_in_pregnancy * rr_preterm_labour_anaemia)

* (ma_is_infected * rr_preterm_labour_malaria)

(12)

The constant for this equation, baseline_prob_early_labour_onset, is variable by month of
gestation, to produce the correct distribution of newborns who are born early preterm and
late preterm, as observed within Malawi (164). At this point the individual’s previously
predicted delivery date, which is stored in the model at pregnancy onset, is overridden. The

interaction between preterm labour onset and neonatal outcomes is described in §3.2.1.
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3.1.7.3 Data sources and parameters

pregnant with twin foetuses

Parameter Name Description Value* Source and/or relevant calculation
baseline_prob_early_labour_onset This parameter is scaled at intialisation of the [0.0008, | The assumed rate of preterm birth in Malawi is sourced
simulation to account for the prevalence of 0.0033, from Chawanpaiboon et al. (175) as 10.5 preterm births
malaria within the modelled population. Once 0.017, per 100 births. The authors estimate this rate via linear
scaled, as the simulation runs this parameter 0.04], regression using population representative survey data
is the probability that a pregnant woman who points from Malawi.
has not experienced PROM, is not anaemic,
does not have malaria and is not pregnant The figures within the list of values represents the
with twin foetuses will go into labour baseline risk of preterm birth onset in months 5, 6, 7
between 28- and 36-weeks GA. and 8 of pregnancy. The probability of preterm birth
increases with GA to ensure the model reproduces the
The parameters below starting with assumed distribution of early vs late preterm births
“rr_preterm_labour” refer to the effect on (24.8% vs 75.2%) as sourced from van de Broek at al.
the probability of preterm labour (164). The values here were calculated to achieve both
the rate of preterm birth and distribution of timing.
rr_preterm_labour_post_prom The effect of a pregnant woman having 5.9 Sourced directly from Laelago et al. (166) in which the
experienced PROM authors report the effect of several determinants on risk
of preterm birth derived from a systematic review and
meta-analysis of studies conducted in east Africa.
rr_preterm_labour_anaemia The effect of a pregnant woman being 4.58 See rr_preterm_labour_post_prom.
anaemic
rr_preterm_labour_malaria The effect of a pregnant woman experiencing 3.08 See rr_preterm_labour_post_prom.
malaria infection
rr_preterm_labour_multiple_pregnancy The effect of a pregnant woman being 3.44 See rr_preterm_labour_post_prom.
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risk_post_term_labour The per-pregnancy probability that a 0.077 Rate of post term birth sourced directly from van de
woman’s new pregnancy will end in the onset Broek at al. (164) in which 3.2% of observed deliveries in
of post term labour a cohort of 2149 births occurred post term in Malawi.
Final value derived from calibration to total post term
birth rate outputted by model accommodating for
pregnancy loss and preterm birth.
rr_potl_bmi_30_35 The effect of a woman having a BMI between 1.42 Sourced directly from Heslehurst et al. (173) in which
30 and 34.9 compared to less than 27.5 at the the authors report the effect of maternal BMI on risk of
beginning of pregnancy on her risk of post post term labour via a systematic review and meta-
term labour analysis of 39 studies including over four million births.
rr_potl_bmi_35+ The effect of a woman having a BMI of 35 or 1.55 see rr_potl_bmi_30_35.

greater compared to less than 27.5 at the
beginning of pregnancy on her risk of post
term labour

Table 545 — Parameters of the preterm and post term labour model
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3.1.8 Maternal sepsis

3.1.8.1 Condition overview

Maternal sepsis is “a life-threatening condition defined as organ dysfunction resulting from
infection during pregnancy, child-birth, post-abortion, or post-partum period” (177). Within
the MPHM we explicitly model sepsis secondary to the five most common infections
observed in mothers: chorioamnionitis, endometritis, urinary tract infection and skin or soft
tissue infection and abortion related, which have been reported to constitute over 80% of
observed maternal infections in multi-centre studies (178). Other potential causes of
maternal sepsis (i.e., respiratory infection) are not currently modelled and are outside of the
remit of this study. Additionally, we have also endeavoured to capture the variation in the

aetiology of sepsis across the pregnancy continuum as described below.

3.1.8.1.1 Antenatal and intrapartum sepsis

Maternal infection during the antenatal and intrapartum period of pregnancy is often
attributed to chorioamnionitis in which the placenta, chorion and/or amnion become
inflamed and/or infected during pregnancy (179,180). The aetiology of chorioamnionitis is
complex, involving a possibly circular causal relationship with PROM (180), but is most often

attributed to vertical bacterial transmission following membrane rupture.

The relationship between PROM and chorioamnionitis Is supported by several studies
(180,181) and has therefore been captured in the model as shown below. Both clinical and
histological chorioamnionitis can have significant impact on maternal and perinatal health

outcomes and in some cases can lead to mortality (182—-185).

3.1.8.1.2 Postpartum sepsis

Sepsis which onsets during the postnatal period is a significant driver of poor maternal
outcomes globally, as infection during this time is more common than other stages of the
pregnancy continuum (178). We focused on the most common causes of direct postnatal

sepsis including endometrial, skin, or soft tissue and urinary tract infections (177,185,186).

Endometritis, broadly defined as infection within the uterine lining, or endometrium, can

occur frequently following birth and is often reported as the leading cause of postnatal
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sepsis (178,187). The pathogenesis of postpartum endometritis is associated with uterine
cavity contamination with vaginal organisms during the process of labour and delivery
(187,188). Evidence suggests an association between delivery of invasive interventions, such
as CS, and endometritis, with much higher incidence rates observed in women post
caesarean (188). This was confirmed in consultation with clinical experts leading to inclusion

of this relationship within the model (3).

Skin and soft tissue infections, often originating in wounds caused by obstetric surgery, are a
similarly common cause of sepsis in most settings (178,185,189). Despite the
recommendation and widespread use of prophylactic antibiotics prior to the conduct of a
caesarean delivery (190), many mothers in east African settings experience these infections
which onsets within the community (191). Importantly, these infections are not limited to
caesarean wounds but can occur following any invasive procedure, such as episiotomy or

intravenous cannulation, and as such are highly preventable.

Urinary tract infections (UTI), the final cause of postnatal sepsis included in the model, can
onset during pregnancy, but is seemingly more common in the postnatal period as UTI may
onset following invasive procedures, such as urinary catheterisation during labour or
obstetric surgery (192) although they may also onset following unassisted vaginal delivery
(193). Due to inconclusive results from studies investigating predictors of UTI in settings like

Malawi specific risk factor for UTI are not included in the model.

Globally, postnatal sepsis, and maternal sepsis more generally, is associated with significant
morbidity and mortality in women (194), with Bonet et al. (178) estimating an interfacility
case fatality of 6.5% for women with severe postnatal sepsis in their multi-site study
conducted in 52 LMIC and HIC including Malawi. Sepsis represents one of the leading
causes of maternal death (194), including in Malawi (33), and untreated can lead to shock

and multi-system organ failure.

Estimates of the incidence of maternal sepsis vary within the literature. The recent WHO
Global Maternal Sepsis Study estimated in-facility rates of severe maternal outcomes

secondary to infection in the study population as 10-9 (95% Cl 9-8—12-0) women per 1000
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livebirths, occurring most frequently in postnatal and post abortion women (178). The
authors report interregional disparities with higher rates of infection noted in facilities from
LMICs (178). Estimates produced by Woodd et al. (185), via a systematic review of published
literature, are more conservative reporting an incidence of maternal sepsis of 0.5 per 1000
births, however the authors do report that these studies were mostly conducted in the US
and Europe. In Malawi the number of in-facility postpartum sepsis cases per survey year
reported is captured by the Malawian BEmONC surveys leading to a rate of 2.34 per 1000
births in 2010 and 1.5 per 1000 births in 2015 (33,34) which have been used as the

calibration rates for the model.
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3.1.8.2 Models

3.1.8.2.1 Antenatal sepsis

Figure S16 describes the model of sepsis onsetting prior to labour and Table S46 contains

the relevant parameters.

prob_chorioamnionitis

Pregnant
woman (t)

(See figure in §6.1.4)

Y

PROM

(Untreated...)

\4

Chorioamnionitis

Sepsis -

(antenatal)

Mei(®)

Untreated

prob_antenatal_sepsis_death

l

Treatment -

prob_seek care_pregnancy_complication X
prob_hcw_avail _iv_abx x
mean_hcw_competence_hp x

prob_hcw_avail_surg x
mean_hcw_competence_hp x

Mei(®)

Treatment -

Sepsis case management

Caesarean section

cfr_sepsis

X (sepsis_treatment_effect_md
x treatment_effect_modifiert)
Tif treatment is delayed...

Death

Survival

Survival Death

Figure S16 — Model of antenatal sepsis

Risk of antenatal sepsis due to chorioamnionitis during pregnancy, prob_chorioamnionitis,

is applied to any woman who experiences PROM and has not received antenatal treatment.

Women who develop antenatal sepsis may choose to seek care as shown in Figure S16

which leads to the initiation of treatment described below. The parameter

prob_antenatal_sepsis_death represents the risk of maternal mortality in those women
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who choose not to receive treatment. Otherwise, risk of death is calculated during the

intrapartum phase of pregnancy accounting for treatment received.

3.1.8.2.1.1 Treatment

Individuals who seek antenatal inpatient care following sepsis onset are scheduled for
delivery via induction of labour from 28 weeks GA, in keeping with Malawian clinical
guidelines (32). Further to this, case management for maternal sepsis at any point of
pregnancy includes the delivery of broad-spectrum parenteral antibiotics and the
administration of fluids and oxygen to any individual experiencing two or more clinical
indicators (32). The treatment effect, sepsis_treatment_effect_md, is sourced from Pollard
et al. (37) and is a Delphi estimate of the effectiveness of parenteral antibiotics on risk of
sepsis death in pregnancy. Interestingly, this study reports a greater effectiveness of
parenteral antibiotic delivery alone compared to ‘BEmONC’ as an intervention to manage
sepsis and whilst this inconsistency is noted in the discussion it is not fully justified.
Therefore, it was deemed appropriate to take the estimate relating to antibiotic delivery as
the primary treatment effect. As such, whilst consumables relating to oxygen and fluids are

requested, they are not deemed essential to deliver the intervention.
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3.1.8.2.2 Intrapartum sepsis

Figure S17 describes the model of sepsis onsetting during labour and Table S46 contains the

relevant parameters.

Mei(®

cfr_sepsis

prob_sepsis_chorioamnionitis

X rr_sepsis_chorio_prom

X treatment_effect_maternal_infection_clean_delivery*
X treatment_effect_maternal chorio_abx_promt

*If intervention delivered

Pregnant
woman in
labour

X (sepsis_treatment_effect_md
X treatment_effect modifiert)

tif treatment is delayed...

1if they have experienced PROM and
received antenatal treatment
Sepsis -
P(Faciiity Delivery)* x Chorioamnionitis
prob_hcw_avail_iv_abx x (intrapartum)
mean_hcw_competence** x
*Represents total probability of facility delivery
**Dependent on delivery location
Treatment -
Sepsis case Untreated
management
1 cfr_sepsis
Death Survival Death Survival

Figure S17 — Model of intrapartum sepsis

The probability that a mother in labour will develop sepsis secondary to chorioamnionitis is

calculated shown in equation 13:

Yty = prob_sepsis_chorioamnionitis

* (ps_premature_rupture_of_membranes * rr_sepsis_chorio_prom)
* (ac_received_abx_for_prom

* treatment_effect_maternal_chorio_abx_prom)

* (mni_clean_birth_practices

* treatment_effect_maternal_infection_clean_delivery)

(13)
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Unlike the risk of chorioamnionitis applied in the antenatal period, in which only women
with PROM may develop infection, we have opted to model an underlying risk of sepsis
during labour to women without PROM, prob_sepsis_chorioamnionitis, under the
assumption that membrane rupture will occur in all delivering women leading to the
possibility of infection associated with either natural or interventional processes of labour
and delivery (195). As seen in equation 13, PROM remains a predictor for infection (181) but
in this equation, risk is mitigated in the presence of two treatments; prophylactic antibiotics
given to women who have sought and received care due to PROM antenatally (59) and clean

delivery practices during labour (37), which were first introduced in §2.

As with the other intrapartum complications, the onset of intrapartum sepsis during home
birth is assumed to trigger possible care seeking, via parameter
prob_careseeking_for_complication, allowing mothers to receive treatment described
below. The parameter cfr_sepsis represents the risk of death in untreated women as

described in Table S46.

3.1.8.2.2.1 Treatment

Similarly to individuals who develop sepsis prior to labour, those who develop intrapartum
sepsis whilst labour in a health facility, or at home but choose to seek care, may receive
maternal sepsis case management, as described above and shown in Figure S17, reducing

risk of death.
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3.1.8.2.3 Postpartum sepsis

Figure S18 describes the model of sepsis onsetting during labour and Table S46 contains the

relevant parameters.

If immediately post birth:
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.
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cfr_pp_sepsis

; v

Survival Death

Figure S18 — Model of postnatal sepsis

In-keeping with other key postnatal complications, the risk of postnatal sepsis is applied

immediately post birth, during the first week of the postnatal period and then during each

week of the remaining postnatal period within the relevant events.

The individual risk of sepsis secondary to endometritis and skin/soft tissue infection for each

of these time steps is calculated as:
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Yty = prob_sepsis_endometritis
* (mni_delivery_mode * rr_sepsis_endometritis_post_cs)
* (mni_clean_birth_practices
* treatment_effect_maternal_infection_clean_delivery)

(14)
Y¢) = prob_sepsis_skin_soft_tissue
* (mni_delivery_mode * rr_sepsis_endometritis_post_cs)
* (mni_clean_birth_practices
* treatment_effect_maternal_infection_clean_delivery)
(15)
Whilst the risk of sepsis secondary to urinary tract infection is simply:
Yty = prob_sepsis_urinary_tract
* (mni_clean_birth_practices
* treatment_effect_maternal_infection_clean_delivery)
(16)

As is evident from the equations above it is assumed that receipt of clean delivery practices
during labour reduces the risk of mothers developing sepsis in the immediate postnatal
period via the parameter treatment_effect_maternal_infection_clean_delivery. This effect

is not applied after the first week of the postnatal period as evident in the figure above.

Additionally, it is assumed that women can experience infection from multiple sources

simultaneously therefore the total risk of sepsis for each time point is equal to:

1 — ((1 — p(sepsis_endometritis) * (1 — p(sepsis_skin_soft_tissue) * (1
— p(sepsis_urinary_tract))

(17)
3.1.8.2.3.1 Treatment
Treatment for postnatal sepsis is initiated via PNC as previously described. Women who are
identified as septic during routine PNC will be admitted to the postnatal ward and will

receive maternal sepsis case management as described above.
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3.1.8.3 Data sources and parameters

Parameter Name Description ‘ Value* ‘ Source and/or relevant calculation
Antenatal parameters
prob_chorioamnionitis The probability that a pregnant 0.015/ Initially the assumed rate of maternal sepsis in Malawi was sourced from
woman who has experienced 0.013 the 2010 and 2015 Malawi EmONC assessment surveys (33,34) by dividing
PROM and has not sought care the total sepsis cases observed in the survey by the estimated births for the
will develop sepsis due to survey year giving a rate of 2.34 and 1.5 per 1000 births respectively.
chorioamnionitis prior to labour
onset The proportion of the total cases of sepsis attributable to each underlying
cause included in the model was sourced from Bonet et al. (178). From this
study it is estimated that 16% of sepsis cases are due to chorioamnionitis
leading to an approximate rate of 0.3 per 1000 the model.
This parameter and prob_sepsis_chorioamnionitis have been derived
through the process of calibration to the overall rate of sepsis and the
estimated proportion of cases due to this cause.
prob_antenatal_sepsis_death The probability that a pregnant 0.75/ See prob_ectopic_pregnancy_death in Table S39.
woman will die from sepsis due 0.49
to chorioamnionitis which has
onset during the antenatal period
without treatment
Intrapartum parameters
prob_sepsis_chorioamnionitis The probability that a pregnant 0.0002/ | See prob_chorioamnionitis.
woman in labour will develop 0.00018

sepsis secondary to
chorioamnionitis
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rr_sepsis_chorio_prom The effect of a pregnant woman 1.76 Sourced directly from Seaward et al. (181) in which the authors report the
having experienced PROM effect of several determinants of chorioamnionitis in a cohort of over 5000
compared to not having women across several HICs via a multivariate logistic regression model.
experienced PROM on her risk of
developing sepsis secondary to
chorioamnionitis.

cfr_sepsis The probability that a pregnant 0.75/ See prob_antenatal_sepsis_death.
woman will die following sepsis 0.49
during labour without treatment.

Postnatal parameters

prob_sepsis_endometritis The probability of a postnatal 0.000069/ | See prob_chorioamnionitis. From Bonet et al (178) it is estimated 36% of
woman developing postnatal 0.000062 | sepsis cases are due to endometritis leading to an approximate rate of 0.71
sepsis secondary to endometritis per 1000 births.
within the first forty-eight hours
after birth who has not delivered
via CS

rr_sepsis_endometritis_post_cs The effect of a postnatal woman 12.1 Sourced directly from Newton et al. (196) who identified predictors of
having delivered via CS compared endometritis in a cohort of 607 labouring women via multivariate logistic
to vaginal delivery on their risk of regression.
developing postpartum sepsis,
secondary to endometritis

prob_sepsis_urinary_tract The probability of a postnatal 0.000054 | See prob_chorioamnionitis. From Bonet et al (178) it is estimated 27% of
woman developing postnatal /0.000054 | sepsis cases are due to urinary tract infection leading to a rate of 0.54 per

sepsis secondary to a urinary
tract infection within the first
forty-eight hours since birth

1000.
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prob_sepsis_skin_soft_tissue

The probability of a postnatal
woman developing postnatal
sepsis secondary to a skin/soft
tissue infection within the first
forty-eight hours since birth

0.000039/
0.000035

See prob_chorioamnionitis. From Bonet et al (178) it is estimated 21% of
sepsis cases are due to skin or soft tissue infection leading to rate of 0.41
per 1000 births.

rr_sepsis_sst_post_cs

The effect of a postnatal woman
having delivered via CS compared
to vaginal delivery on their risk of
developing postpartum sepsis,
secondary to skin/soft tissue
infection

3.9

Sourced directly from Ngonzi et al. (197) who reported demographic and
clinical factors associated with postnatal sepsis through a prospective study
in Uganda.

cfr_pp_sepsis /
cfr_postpartum_sepsis

The probability that a postnatal
woman will die following
postnatal sepsis that has onset
during the postnatal period
without treatment

0.75/
0.49

See prob_antenatal_sepsis_death.

prob_late_sepsis_endometritis

The probability of a postnatal
woman (who has not delivered
via CS) developing postnatal
sepsis secondary to endometritis
per week of the postnatal period

0.000069/
0.000062

See prob_sepsis_endometritis.

prob_late_sepsis_urinary_tract

The probability of a postnatal
woman developing postnatal
sepsis secondary to urinary tract
infection per week of the
postnatal period

0.000054 /
0.000054

See prob_sepsis_urinary_tract
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prob_late_sepsis_skin_soft_tissue The probability of a postnatal 0.000039/ | See prob_sepsis_skin_soft_tissue
woman (who has not recently 0.000035
delivered via CS) developing
postnatal sepsis secondary to skin
or soft tissue infection per week
of the postnatal period
Treatment parameters
treatment_effect_maternal_infection | The effect of a pregnant woman 0.4 Sourced directly taken from Pollard et al. (37) who estimate the effect of
_clean_delivery in labour receiving clean delivery clean birth and postnatal practices on risk of maternal death due to sepsis
practices on risk of sepsis via Delphi method as a 60% reduction. For the purposes of the model, the
same effect on reducing the risk of sepsis onset is assumed.
treatment_effect_maternal_chorio_ The effect of antibiotic treatment 0.66 Sourced directly from Kenyon et al. (59) who reports the effect of antibiotic
abx_prom on maternal risk of sepsis treatment for PROM on risk of chorioamnionitis as derived from a Cochrane
secondary to chorioamnionitis review of RCTs as RR 0.66 (95% Cl 0.46 to 0.96).
sepsis_treatment_effect_md The effect of case management 0.2 Sourced directly from Pollard et al. (37) who estimate the effect of

of maternal sepsis on risk of
maternal death due to sepsis

antibiotic therapy on maternal death due to sepsis via a Delphi survey.
Effectiveness is reported as 80%.

* Where two values (or sets of values) are provided the first set is applied from 2010-2014 and the second set from 2015 onwards for a given simulation run (§1.2.1.1)

Table 546 -Parameters of the models for maternal sepsis
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3.1.9 Antepartum Haemorrhage

3.1.9.1 Condition overview

Antepartum haemorrhage (APH) is defined as any bleeding from or into the genital tract,
occurring from 24 weeks of pregnancy and prior to the birth of the baby (198). As such
within the model APH may onset either prior to or during labour. Although a proportion of
APH cases present with unclear aetiology, several studies report that placental abruption
and placenta praevia are the leading causes of APH both globally and in Malawi (199-204).
Due to this, we have opted to explicitly model both underlying causes of APH within this

framework.

Placenta praevia is a condition in which the placenta covers the internal os, the opening of
the cervix into the uterus, completely (205). Commonly, the risk of placenta praevia is
associated with previous CS delivery, as it is hypothesised that the presence of a uterine scar
in the lower segment may encourage placentation closer to the internal os (206-208).
Whilst placenta praevia refers to the position of the placenta within the uterine wall,
placental abruption describes a complication in which the implanted placenta separates
prematurely, prior to delivery of the foetus (209). Similarly to placenta praevia, placental
abruption is also associated with previous caesarean delivery but has also been found to be

associated with maternal hypertension (210,211) .

Both conditions, if undetected and untreated, may lead to significant bleeding either prior
to labour onset or during the intrapartum phase of pregnancy. Substantial bleeding from the
genital tract during the antenatal and intrapartum period of pregnancy, and its antecedent
causes, occur less frequently than bleeding following delivery, but are still strongly
associated with poor maternal and perinatal outcomes globally (199,200,214) and in Malawi

(203, 215).

Globally, the incidence of placenta praevia is reported at 5.2 (95% Cl: 4.5, 5.9) per 1000
pregnancies with evidence of significant variation between regions (212). Studies estimating
incidence in SSA reported the lowest overall incidence, 2.7 (95% Cl: 0.3, 11.0) per 1000

pregnancies; however the number of studies from that region in the review were limited
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(212). Importantly Creswell et al. (212) include both placenta praevia (complete coverage of
the internal os) and low-lying placenta (where the placental edge is within 20mm of the
internal os) within their study definition. Despite the low incidence, the dangers associated
with placenta praevia are high, with an estimated 51.6% (95% Cl 42.7, 60.6) of pregnant
women with placenta praevia experiencing APH (199). Placental abruption appears to occur
at a higher rate than placenta praevia, with most studies estimating an incidence ranging
from 0.5 to 1.0% of births being complicated by abruption across multiple different settings

(202).

As discussed in Table S47, we were unable to identify data sources reporting the incidence
of either placental abruption or placenta praevia in Malawi. However, as with maternal

sepsis, the number of APH cases is captured in the 2015 EmONC needs assessment survey
which, when divided by the approximated births for the survey year, leads to a rate of 4.6

APH cases per 1000 births (33).
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3.1.9.2 Model

Figures S19 and S20 describe the model of APH and Table S47 describes the relevant

parameters.

Newly pregnant
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Figure S19 — Model of antepartum haemorrhage
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Figure S20 — Model of intrapartum haemorrhage

A single per-pregnancy risk of a woman developing placenta praevia is applied at the start of

each pregnancy calculated via the following equation:

Y = prob_placenta_praevia * (ps_prev_cs * rr_placenta_praevia_previous_cs)

(18)

This leads to an incidence of 5 cases per 1000 births within the modelled population, which
is supported by a large historical cohort study conducted in Tanzania which was selected
due to lacking data from Malawi and its proximity as a bordering nation (200). Many of the
studies reporting on incidence and outcomes of placenta praevia that were used within
model development still rely on outdated definition of placenta praevia, including ‘grading’

of severity in relation to proximity to the internal os (199,200,212). Because of this we have
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opted to assume that women with placenta praevia are at risk of APH, but that APH is not a
definite outcome of all cases carried to term and delivered vaginally (i.e. not all cases cover

the os entirely).

Unlike placenta praevia, risk of placental abruption is applied at several time steps during
pregnancy. Antenatally this risk is applied every month of pregnancy from month five, and
then additionally risk is applied once during the intrapartum period. At each time step,

individual risk is calculated as:

Y+ = prob_placental_abruption
* (ps_prev_cs * rr_placental_abruption_previous_cs)

* (ps_htn_disorders = rr_placental_abruption_hypertension)

(19)
The modelled incidence of placental abruption, 3 per 1000 births, is also taken from a
Tanzanian study using a large historical cohort due to limited data from Malawi (210). In
addition to having previously delivered via CS (206), maternal hypertension caused by any
hypertensive disorders of pregnancy (§3.1.10) has been identified as a predictor of placental

abruption (210) as seen in equation 19.

As evident from Figures S19 and S20 and Table S47, only women who have experienced
these antecedent conditions are at risk of developing APH. From month five of pregnancy,
also following a monthly time step, and during labour the risk of APH secondary to placental
abruption (prob_aph_placental_abruption), or placenta praevia,
(prob_aph_placenta_praevia), is applied to all women with these condition to a rate of 4.6
cases per 1000 births as discussed in Table S47. Severity of bleeding is determined via the
parameters prob_mod_sev_aph / severity_maternal_haemorrhage with severity used to

guide antenatal treatment and to map to relevant DALY weights.
Prior to labour, women with APH may choose to seek emergency antenatal inpatient care,

after which treatment is delivered reducing overall risk of death. Women who develop

intrapartum bleeding are liable to receive treatment if they are already delivering in a health
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facility; individuals during labour at home may seek care similarly to other intrapartum
complications in the model. Risk of death is applied to all women who experience APH,
using the parameters shown in Table S47 with risk mitigated by treatment. At present,
severity of bleeding does not impact risk of death as case fatality estimates to which the
model is calibrated do not specify mortality by severity. However, women who are anaemic
at the time of haemorrhage are at greater risk of death, with parameter

rr_death_from_haem_with_anaemia representing that risk.

3.1.9.2.1 Treatment

For cases of haemorrhage occurring prior to labour onset, treatment delivered to mothers
with APH in Malawi varies according to the underlying aetiology and severity of the
bleeding, yet in all cases CS is indicated to prevent risk of maternal and perinatal death (32).
In keeping with these guidelines, individuals with APH due to placental abruption are
scheduled for immediate CS delivery regardless of the severity of bleeding. Individuals with
APH due to placenta praevia with non-severe bleeding are scheduled to undergo CS once
they reach 37 weeks GA, whilst severe bleeding cases are scheduled for immediate delivery.

In addition, all haemorrhage cases receive blood transfusion after bleeding onset.

Both CS and blood transfusion are modelled to reduce risk of maternal death. If CS is
performed the parameter aph_cs_treatment_effect_md represents the effect of this
intervention on risk of death as the aetiology of bleeding is placental; delivery of the
placenta is therefore assumed to stop ongoing bleeding and reduce risk of death. In
addition, the parameter aph_bt_treatment_effect_md is the effect of blood transfusion on

risk of maternal death due to bleeding.
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3.1.9.3 Data sources and parameters

the simulation to account for the
proportion of women at baseline who
have previously delivered via CS.

Once scaled, as the simulation runs this
parameter is the probability that a
pregnant woman, who is normotensive
and has never previously delivered via CS,
will experience placental abruption
applied during months 5-9 of pregnancy.

Parameter Name** Description Value* | Source and/or relevant calculation

prob_placenta_praevia This parameter is scaled at intialisation of 0.005/ | Due to lacking data on the incidence of placenta praevia within
the simulation to account for the 0.0058 | Malawi the rate used in the model is sourced from a study
proportion of women at baseline who conducted in Tanzania in which a rate of 5 cases per 1000 births
have previously delivered via CS. was identified (200). This study was chosen due to the

geographic proximity to Malawi and the large sample size of over

Once scaled, as the simulation runs this 47,000 deliveries. This parameter has been derived from
parameter is the probability that a newly calibration to this rate.
pregnant woman, who has never previous
delivered via CS, has developed placenta
praevia.

rr_placenta_praevia_previous_cs The effect of a woman having ever 1.47 Sourced directly from Yang et al. (206) who report the
previously delivered via CS on her risk of association of previous caesarean delivery and placenta praevia
developing placenta praevia in a sample of over five million deliveries in the US.

prob_placental_abruption_per_month This parameter is scaled at intialisation of 0.0005 | Due to lacking data on the incidence of placental abruption

within Malawi the rate used in the model is sourced from a study
conducted in Tanzania in which a rate of 3 cases per 1000 births
was identified (210). Again, this study was chosen due to the
geographic proximity to Malawi and the large sample size of
nearly 40,000 deliveries. This parameter has been derived from
calibration to this rate.
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rr_placental_abruption_hypertension The effect of a pregnant woman having a 2.2 See prob_placental_abruption_per_month. Sourced directly
hypertensive disorder of pregnancy on her from Macheku et al. (210).
risk of experiencing placental abruption
rr_placental_abruption_previous_cs The effect of a pregnant woman having 1.3 see rr_placental_abruption_hypertension.
previously delivered via CS on her risk of
experiencing placental abruption.
prob_aph_placenta_praevia The probability that a pregnant woman 0.09 As with the number of maternal sepsis cases, the number of APH
with placenta praevia will develop an APH cases during the survey period were captured in the 2015 Malawi
applied during months 5-9 of pregnancy. EmONC needs assessments (33). This rate is calculated by
dividing the total number of observed APH cases assessment
survey by the estimated number of births leading to a rate of
APH within the pregnant population of approximately 4.6 cases
per 1000 births.
Due to the structure of the model this parameter and parameter
prob_aph_placental_abruption drive the total rate of APH and
therefore have been derived through calibration to the total rate
of APH.
prob_aph_placental_abruption The probability that a pregnant woman 0.9 See prob_aph_placenta_praevia. It is assumed that the
with placental abruption will develop APH probability of APH secondary to placental abruption is high in
applied during months 5-9 of pregnancy. keeping with evidence (210).
prob_mod_sev_aph/ The probabilities that woman who is [0.8,0.2] | Due to lacking epidemiological data on the severity of APH this

severity_maternal_haemorrhage

experiencing APH will experience
mild/moderate or severe bleeding.

parameter has been approximated under the assumption that
mild cases of bleeding are more common than severe cases.
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prob_antepartum_haemorrhage_death/ | The probability that a pregnant woman 0.11/ See prob_ectopic_pregnancy_death in Table S39.
cfr_aph will die due to APH without treatment. 0.04
rr_death_from_haem_with_anaemia The effect of maternal anaemia on a 1.5 The value of this parameter is assumed. Whilst there is evidence
woman'’s risk of dying from a to suggest anaemia is associated with mortality (122) we were
haemorrhage unable to find a reliable estimate for the effect of anaemia on
haemorrhage related mortality.
aph_bt_treatment_effect_md The effect of blood transfusion on risk of 0.4 Pollard et al. (37) estimate the effect of interventions on
maternal death due to APH maternal death due to APH. The effectiveness of ‘CEmONC’
services on APH deaths is reported as 90%. These services are
assumed to consist of surgery and blood transfusion. As such,
blood transfusion effect is assumed to be 0.4 and the surgical
effect is 0.25. (0.25 x 0.4 = 0.1 (90% effective))
aph_cs_treatment_effect_md The effect of CS delivery on risk of 0.25 See aph_bt_treatment_effect_md.
maternal death due to APH
prob_placental_abruption_during_labour | The probability that a pregnant woman in 0.0005 | See prob_placental_abruption_per_month.
labour will experience placental
abruption.
prob_aph_placenta_praevia_labour The probability of APH during labour for 0.25 See prob_aph_placenta_praevia.

women with placenta praevia.
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prob_aph_placental_abruption_labour The probability of APH during labour for 0.9 See prob_aph_placental_abruption.
women with placental abruption.

* Where two values (or sets of values) are provided the first set is applied from 2010-2014 and the second set from 2015 onwards for a given simulation run (§1.2.1.1)
** |f two names are provided for the same parameter this means the name varies by python file.

Table S47 — Parameters of the antepartum and intrapartum haemorrhage model
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3.1.10 The Hypertensive Disorders of Pregnancy

3.1.10.1 Condition overview

The ‘hypertensive disorders of pregnancy’ (HDP) are a complex group of maternal health
conditions associated with hypertension during or following pregnancy. These conditions
include chronic hypertension, pre-eclampsia (inclusive of all stages, including cases
superimposed on chronic hypertension) and gestational hypertension (214). Maternal
hypertensive disorders that onset antenatally may resolve following delivery, persist into
the postnatal period or as suggested by significant epidemiological evidence, onset de novo
within the postnatal period (215-217). This has been reflected in the representation of the
HDPs within the MPHM as described below. Of note, chronic hypertension is not discussed
here as the incidence of this condition is managed by the Cardio-metabolic disease module

and is not governed by this model.

In Malawi, pre-eclampsia is defined clinically as a maternal blood pressure of 140-150/90-
109 mmHg onsetting after 20 weeks GA in the presence of proteinuria (32). The aetiology of
pre-eclampsia is not well understood, however contemporary pathogenic research suggests
that the condition occurs following ‘defective’ spiral artery remodelling, those which supply
nutrients to the placenta, leading to ischaemia within placental cells driving an imbalance
between anti- and pro-angiogenic factors (218,219). Following a review of the literature in
SSA, the predictors deemed to have causal influence on risk of pre-eclampsia include obesity
(145), multiple pregnancy (220), hypertension prior to pregnancy (221), diabetes mellitus

(222) and calcium supplementation delivered as part of ANC (44).

Without delivery of the foetus and placenta, progression to a more severe form of the
disease is possible, most notably severe pre-eclampsia, defined clinically as a maternal
blood pressure of 160/110 mmHg or higher onsetting after 20 weeks’ gestation in the
presence of severe proteinuria. Potential diagnostic signs include severe headaches and
visual disturbances (32). In SSA, and many other parts of the world, untreated severe pre-
eclampsia, and eclampsia, where tonic-clonic seizures occur, can lead to severe

consequences for the mother and newborn, including maternal death and stillbirth (223).
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Gestational hypertension shares a similar clinical definition to pre-eclampsia, however, is
characterised by new hypertension in pregnancy or the postnatal period in the absence of
proteinuria (32). Evidence suggests that the two conditions are distinct, due to variations in
predictive factors (224), and progression from gestational hypertension to pre-eclampsia is
possible and does occur in some women (225). As with pre-eclampsia, gestational
hypertension can develop into severe disease which can lead to poor maternal and perinatal

outcomes (226,227).

Hypertension during pregnancy is one of, if not, the most common complications
experienced by mothers globally, with historic and contemporary data sources suggesting
that the global incidence is rising leading to an estimated 18.08 million (95 % Ul 15.26, 21.11
million) cases occurring in 2019 (228). As with many of the conditions discussed thus far,
incidence appears to vary considerably between nations and regions with a greater number
of cases occurring in SSA (228). A large systematic review exploring the prevalence of HDP
by sub-condition in Africa reported an overall prevalence of HDP of 100.4 per 1000 pregnant
or postnatal women (95% Cl 81.4, 121.2), the prevalence of gestational hypertension of 49.8
(95% Cl 32.3, 70.7), the prevalence of pre-eclampsia (non-severe) of 44.0 (95% Cl 36.7,
52.0), prevalence of severe pre-eclampsia of 22.1 (95% Cl 14.8, 30.8) and prevalence of
eclampsia of 14.7 (95% Cl 8.1, 23.2), suggesting a considerable burden in the region (229).

3.1.10.2 Model

Figure S21 describes the model of gestational hypertension whilst Figures S22 and S23

represent the pre-eclampsia model.
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Gestational hypertension
During pregnancy, from 22 weeks GA a monthly risk of mild gestational hypertension is

applied to all pregnant women calculated as:

Yty = prob_gest_htn_per_month, * (li_bmi_25_plus * rr_gest_htn_obesity)
* (ac_receiving_calcium_supplements

* treatment_effect_gest_htn_calcium)

(20)
In addition to the effect of BMI, receipt of daily calcium supplementation also reduces
individual risk of gestational hypertension acquisition (44) which is delivered to mothers
during ANC shown in Figure S21. In this model it is assumed that either gestational
hypertension or pre-eclampsia can onset in an individual during a given month of
pregnancy, as there is extensive discussion in the literature surrounding the distinction

between the predictors and outcomes of both conditions (224,230).

Following the onset of gestational hypertension, an individual is at risk that their disease
might progress into a more severe state, with risk of progression applied monthly for the
remainder of the pregnancy. Gestational hypertension is assumed to be mild at onset and
an individual with mild disease is at risk of progression to mild pre-eclampsia (225) or severe

gestational hypertension every month.

The parameter probs_for_mgh_matrix, described in Table S48, contains the probabilities
that an individual will change disease state (or remain in the same state) each month. The
probabilities employed within this matrix were derived through calibration to the assumed
rate of each form of severe disease within the population as discussed in the table. During
the antenatal period, it is assumed that progression is linear in all cases and individuals in
the model do not revert to a less severe disease state. Due to this logic the incidence of
severe gestational hypertension disease is only generated through the process of
progression. In addition, in both the antenatal and postnatal period, risk of progression is
reduced in women with mild disease who have been started on regular oral

antihypertensives following ANC screening as described further below.
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During the postnatal period women may remain hypertensive following birth or develop de
novo gestational hypertension. The parameter prob_htn_resolves is used to determine if
antenatal disease will resolve, otherwise hypertension persists. A similar approach to
disease onset is employed during the postnatal period, with a weekly risk of de novo

gestational hypertension acquisition applied to all postnatal mothers calculated as:

Yty = weekly_prob_gest_htn_pn * (li_bmi_25_plus = rr_gest_htn_obesity)
(21)

Weekly risk of disease progression is applied following the same methodology as described
above however, the parameter prob_htn_resolves is also applied weekly to all women with
postnatal hypertension to determine if their condition will resolve during this time. All cases

resolve automatically at the end of the postnatal period.

Neither mild nor severe gestational hypertension will lead to care seeking during either the
antenatal or postnatal period due to being largely symptomless (219). Therefore, as with
GDM, initiation of treatment is dependent entirely on screening when an individual
interacts with the health service via a HSI event. Additionally, it is assumed that only women
experiencing severe disease have an increased risk of death. Antecedent causes of death
associated with severe hypertension are not modelled explicitly (e.g. stroke), instead a
weekly or monthly risk of death (dependent on time point in pregnancy period), indicated
by the parameters weekly_prob_death_severe_gest_htn and
prob_monthly_death_severe_htn is applied to all women in the severe state due to clinical
evidence of mortality in women with severe hypertension without characteristics of pre-

eclampsia (231).

Pre-eclampsia
As evident from Figures S22 and S23 the method of application of risk of pre-eclampsia both
in the antenatal and postnatal period follows a similar pattern to gestational hypertension.

Individual risk of antenatal onset at time t is calculated as follows:
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Yy = prob_pre_eclampsia_per_month
* (li_bmi_25_plus * rr_pre_eclampsia_obesity)
* (ps_multiple_pregnancy  rr_pre_eclampsia_multiple_pregnancy)
* (nc_diabetes * rr_pre_eclampsia_diabetes_mellitus)
* (nc_hypertension * rr_pre_eclampsia_chronic_htn)
* (ac_receiving_calcium_supplements

* treatment_effect_calcium_pre_eclamp)

(22)
Whilst weekly risk in the postnatal period is calculated as:
Yy = weekly_prob_pre_eclampsia_pn
* (li_bmi_25_plus * rr_pre_eclampsia_obesity)
* (nc_diabetes = rr_pre_eclampsia_diabetes_mellitus)
* (nc_hypertension * rr_pre_eclampsia_chronic_htn)
(23)

As with gestational hypertension, when pre-eclampsia onsets in the model it is assumed to
be mild, and women face either a weekly or monthly risk of disease progression depending
on time point. Resolution of diseases may occur as in the same manner as described above.
Mild pre-eclampsia, like mild gestational hypertension, is not assumed to trigger possible
care seeking, and therefore treatment is only delivered during routine care. However, on
progression to severe disease (either severe pre-eclampsia or eclampsia) a probability of
care seeking is applied. In the case of severe pre-eclampsia or eclampsia, following potential
care seeking and receipt of treatment, risk of death parameters
prob_severe_pre_eclampsia_death/ cfr_severe_pre_eclamp and prob_eclampsia_death/

cfr_eclampsia respectively are applied with treatment mitigating risk.

3.1.10.2.1 Treatment

Gestational hypertension — Mild disease

Pregnant women are screened for hypertension during ANC via blood pressure
measurement (Table S24). If hypertension is detected in the absence of proteinuria (tested
via urine dipstick) then the mother is initiated on oral antihypertensives (31,32), which act in
the model to reduce risk of progression from mild to severe disease in women with

gestational hypertension (56). The parameter treatment_effect_anti_htns_progression is
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the effect of this treatment on risk of progression. Similarly, hypertensive women during the
postnatal period are initiated on antihypertensives following attendance of PNC which have

the same effect.

Severe gestational hypertension

Women with severe hypertension detected either in ANC, facility delivery or PNC are
admitted (if not already an inpatient) and administered intravenous (IV) antihypertensives in
keeping with Malawian guidelines (31,32). In the model, administration of IV
antihypertensives is assumed to reset maternal disease state to mild, circumnavigating the

monthly/weekly risk of death associated with severe gestational hypertension.

Pre-eclampsia — mild disease

Screening for pre-eclampsia occurs in antenatal and postnatal care. In keeping with
Malawian guidelines women with mild pre-eclampsia are also indicated to receive oral
antihypertensive treatment which is initiated in the model. However, Abalos et al. (56)
found no effect on progression from mild to severe disease so we do not include an effect in

the model and this treatment is therefore included to map consumable use.

Severe pre-eclampsia and Eclampsia

The delivery of intravenous and/or intramuscular magnesium sulphate (MgS0a) is the
primary treatment indicated for severe pre-eclampsia and eclampsia and in this context.
MGSQs is an effective anticonvulsant shown to halve the risk of eclamptic seizures in women
with severe pre-eclampsia (57). In most settings, including Malawi, delivery of MGSOs is
indicated in all cases of either severe pre-eclampsia or eclampsia alongside the delivery of

intravenous antihypertensives (32,232).

In the model, women with severe pre-eclampsia who receive MgS04 are at reduced risk of
progression to eclampsia following administration (Figures S22 and S23). Parameter
eclampsia_treatment_effect_severe_pe in Table S48 is the effect of this treatment on the
risk of progression. In addition, these women should receive intravenous antihypertensives
which reduces risk of maternal death as shown in parameter

anti_htns_treatment_effect_md. Women who receive healthcare whilst experiencing
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eclampsia may receive MGSO4 and antihypertensives which reduce risk of maternal death
secondary to eclampsia — eclampsia_treatment_effect_md and
anti_htns_treatment_effect_md respectively. In addition, in line with clinical guidance, and
to map the relationship between these conditions and the overall rate of instrumental and
operative delivery, the parameters prob_delivery_modes_spe and
prob_delivery_modes_ec determine the mode of delivery for cases of these conditions
assuming that CS is the primary route of delivery due the severity of the condition and risk

to maternal and perinatal life.
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3.1.10.3 Data sources and parameters

of the simulation to account for the
proportion of women at baseline who
have a BMI over 25.

Once scaled, as the simulation runs
this parameter represents the
probability that a pregnant woman
with a BMI of 25 or less will develop
mild gestational hypertension per
month of the pregnancy starting at
month 5.

Parameter Name** Description Value* Source and/or relevant calculation
Gestational hypertension parameters
prob_gest_htn_per_month This parameter is scaled at intialisation 0.0073 Due to limited data on gestational hypertension rates in

Malawi the assumed prevalence was sourced from a
systematic review of African studies estimating prevalence of
the disease by Noubiap et al. (229). This review included a mix
of studies estimating prevalence during and following
pregnancy, so any estimates are assumed to be for the
condition across the entire pregnancy continuum. The authors
estimated a pooled prevalence of 49.8 cases of gestational
hypertension per 1000 pregnant or parturient women. This
parameter was therefore derived through calibration to this
rate.

In the model 88% of these cases are assumed to be mild, using
an estimate from a study conducted in the USA (226) with the
remaining being severe.

In addition, 70% of all HDP cases (GH and PE) are assumed to
occur antenatally and 30% postnatally in the model. Reliable
estimates of the total proportion of gestational hypertension
which onsets before or after delivery are unavailable however
consensus exists that antenatal cases are more common
(233,234).

Adjusting the initial rate leads to an assumed rate of mild
gestational hypertension of 43.8 per 1000 pregnant or
parturient women (30.7 cases per 1000 occurring antenatally
and 13.1 cases per 1000 occurring postnatally).
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This parameter was estimated as (30.7/1000) / 5 (months risk
is applied) to give 0.0061. This parameter was then
manipulated to achieve the desired rate in the model
accounting for pregnancy loss in the population and the effect
of predictors/treatment.

weekly_prob_gest_htn_pn The probability that a postnatal 0.0025 see prob_gest_htn_per_month. (13.1/1000) / 7 = 0.0019.
woman with a BMI of 25 or less will Manipulation then occurred during calibration.
develop mild gestational hypertension
per week of the postnatal period
rr_gest_htn_obesity The effect of a pregnant or postnatal 331 Sourced directly from Santos et al. (145) who report the effect
woman being obese (BMI>25) of obesity on risk of gestational hypertension from an
compared to normal weight (BMI 18.5- individual patient data meta-analysis over a quarter of a
24.9) on her risk of developing million pregnancies in HICs.
antenatal or postnatal gestational
hypertension
prob_monthly_death_severe_htn The probability that a pregnant 0.0001 Assumption as data from Malawi reporting deaths from
woman with severe gestational severe gestational hypertension was unavailable. Due to the
hypertension will die per month of the small total probability of death and the relatively low
antenatal period incidence of severe gestational hypertension between 0.5 and
1 deaths per 100,000 live births per year are attributable to
this cause in the model.
weekly_prob_death_severe_gest_htn The probability that a postnatal 0.00002 See prob_monthly_death_severe_htn.

woman with severe gestational
hypertension will die per week of the
postnatal period
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Pre-eclampsia parameters

prob_pre_eclampsia_per_month This parameter is scaled at intialisation 0.0065 See prob_gest_htn_per_month. From Noubiap et al. (229)
of the simulation to account for the the total pooled prevalence of mild pre-eclampsia was 44
proportion of women at baseline who cases per 1000 pregnant or parturient women. It is assumed
have a BMI over 25, chronic 30.8 per 1000 cases occur antenatally.
hypertension or diabetes.

(30.8/1000) * 5 = 0.0062. Manipulated during calibration.
Once scaled, as the simulation runs
this parameter represents the
probability that a pregnant woman,
with BMI <=25, without diabetes
mellitus, without chronic hypertension
and without a twin pregnancy will
develop mild pre-eclampsia per month
of the antenatal period.
The parameters below starting with
“rr_pre_eclampisa” refer to the effect
on the probability of pre-eclampsia
onset

weekly_prob_pre_eclampsia_pn The probability that a postnatal 0.00198 See prob_gest_htn_per_month. From Noubiap et al. (229)
woman, with BMI <=25 and without the total pooled prevalence of mild pre-eclampsia was 44
diabetes mellitus will develop mild cases per 1000 pregnant or parturient women. It is assumed
pre-eclampsia per week of the 13.2 per 1000 cases occur postnatally. (13.2/1000) / 7 =
postnatal period 0.0019. Manipulated during calibration.

rr_pre_eclampsia_multiple_pregnancy The effect of a pregnant woman 4.07 Sourced directly from Laine et al. (220) who estimate the

carrying a twin pregnancy

effect of twin pregnancy on risk of pre-eclampsia via
multivariable logistic regression with data on over 16,000 twin
pregnancies.
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rr_pre_eclampsia_obesity The effect of a pregnant or postnatal 3.2 See rr_gest_htn_obesity
woman being obese (BMI>25)
compared to normal weight (BMI 18.5-
24.9).
rr_pre_eclampsia_chronic_htn The effect of a pregnant or postnatal 2.26 Sourced directly from Meazaw et al. (221) who estimate the
woman having hypertension that effect of several determinants, including chronic
onset prior to pregnancy compared to hypertension, on the risk of pre-eclampsia via a systematic
no hypertension review and meta-analysis of studies conducted in sub-Saharan
Africa.
rr_pre_eclampsia_diabetes_mellitus The effect of a pregnant or postnatal 3.7 Sourced directly from Bartsch et al (222) who estimate the
woman having diabetes mellitus that effect of several clinical risk factors on risk of pre-eclampsia
onset prior to pregnancy via a systematic review and meta-analysis of cohort studies
leading to a sample of over 25 million pregnancies.
prob_severe_pre_eclampsia_death / The probability that a pregnant or 0.018 See prob_ectopic_pregnancy_death in Table S39.
cfr_severe_pre_eclamp postnatal woman will die due to
severe pre-eclampsia without
treatment.
prob_eclampsia_death / The probability that a pregnant or 0.028/0.03 See prob_ectopic_pregnancy_death in Table S39.

cfr_eclampsia

postnatal woman will die due to
eclampsia that has onset during labour
without treatment.
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Parameters relating to disease progression

probs_for_mgh_matrix / The probabilities that a woman with [0.918,0.032, | These probabilities are derived entirely through calibration to
probs_for_mgh_matrix_pn antenatal or postnatal mild gestational 0.05, 0, 0] the overall assumed rates of the key hypertensive disorders
hypertension will have their disease within the model. The rates for mild pre-eclampsia and mild
state newly classified as mild gestational hypertension are discussed in parameters
gestational hypertension (no change), prob_gest_htn_per_month and
severe gestational hypertension, mild prob_pre_eclampsia_per_month
pre-eclampsia, severe pre-eclampsia, in this table sourced from Noubiap et al. (229) and Vousden et
or eclampsia respectively. al. (235) — who estimated the incidence of eclampsia in
Malawi.
Values of 0 suggest change between
disease state is not possible.
probs_for_sgh_matrix / See probs_for_mgh_matrix. This [0,0.87, 0, See probs_for_mgh_matrix and prob_gest_htn_per_month.
probs_for_sgh_matrix_pn parameter represents probabilities of 0.13, 0] The total rate of SGH in the model is 5.9 per 1000 births. This
progression for severe gestational / is equal to 12% of the total GH rate reported in Noubiap et al.
hypertension. [0,0.92, 0, (229). The assumed antenatal rate is 4.2 per 1000 (70% total
0.08, 0] rate) with the remaining cases occurring postnatally.
probs_for_mpe_matrix / See probs_for_mgh_matrix. This [0,0,0.78, See probs_for_mgh_matrix.
probs_for_mpe_matrix_pn parameter represents probabilities of 0.22, 0]
progression for mild pre-eclampsia. /
[0, 0, 0.95,
0.05, 0]
probs_for_spe_matrix / See probs_for_mgh_matrix. This [0,0,0, See probs_for_mgh_matrix and
probs_for_spe_matrix_pn parameter represents probabilities of 0.16, 0.84] prob_pre_eclampsia_per_month. The total rate of SPE in the
progression for severe pre-eclampsia / model is 22 per 1000 births as reported in (229). The assumed
[0, 0, 0.95, antenatal rate is 15.4 per 1000 (70% total rate) with the
0.05, 0] remaining cases occurring postnatally.
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probs_for_ec_matrix / See probs_for_mgh_matrix. This [0,0,0,0,1] See probs_for_mgh_matrix and
probs_for_ec_matrix_pn parameter represents probabilities of prob_pre_eclampsia_per_month. The total rate of eclampsia
progression for eclampsia. in the model is 10 per 1000 births as reported in Vousden et
al. (235). The assumed antenatal rate is 7 per 1000 (70% total
rate) with the remaining cases occurring postnatally.
prob_progression_gest_htn The probability that a pregnant 0.036 See probs_for_mgh_matrix.
woman in labour with mild gestational
hypertension will progress to severe
gestational hypertension.
prob_progression_severe_gest_htn See prob_progression_gest_htn. 0.13 See probs_for_sgh_matrix.
prob_progression_mild_pre_eclamp See prob_progression_gest_htn. 0.14 See probs_for_mpe_matrix.
prob_progression_severe_pre_eclamp See prob_progression_gest_htn. 0.29 See probs_for_spe_matrix.
prob_htn_resolves The weekly probability that a postnatal 0.167 This parameter has been estimated under the assumption
experiencing one of the hypertensive that all hypertensive disorders will end at the end of the
disorders will no longer experience postnatal period. Therefore, a probability of 1 was divided by
hypertension and her disease will have the total weeks to approximate weekly a resolution rate as
resolved HPDs resolve at the end of the postnatal period automatically.
Treatment effects and other healthcare parameters
treatment_effect_gest_htn_calcium The effect of daily calcium 0.65 Sourced directly from Hofmeyr et al. (44) report the effect of

supplementation on risk of gestational
hypertension onset during the
antenatal period

the intervention on risk of gestational hypertension onset as
RR 0.65 (95% Cl 0.53 to 0.81) through a Cochrane review of
RCTs.
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treatment_effect_calcium_pre_eclamp The effect of daily calcium 0.45 See treatment_effect_gest_htn_calcium. Hofmeyr et al. (44)
supplementation on risk of pre- report the effect of the intervention on pre-eclampsia onset
eclampsia onset during the antenatal as RR 0.45, (95% Cl 0.31 to 0.65).
period
treatment_effect_anti_htns_progression | The effect of oral antihypertensive 0.49 Sourced directly from Abalos et al. (56) who report the effect
treatment on the risk of a pregnant or of the intervention on progression to severe disease as (RR)
postnatal woman with mild gestational 0.49; 95% (Cl 0.40 to 0.60) through a Cochrane review of RCTs
hypertension progressing to severe
disease
eclampsia_treatment_effect_severe_pe The effect of MGSO, treatment on risk 0.41 Sourced directly from Duley et al. (57) which reports the
of a pregnant or postnatal woman effect of MGSO4 therapy delivered to women with severe pre-
progressing from severe pre-eclampsia eclampsia on risk of progression to eclampsia as derived from
to eclampsia. a Cochrane review of relevant trials. They report the effect as
RR 0.41 (95% Cl 0.29 to 0.58).
eclampsia_treatment_effect_md The effect of MGSO,4 treatment on risk 0.4 Sourced directly from Pollard et al. (37) in which the authors
of maternal death due to eclampsia estimate the effect of MGSO,4 therapy on maternal death due
to eclampsia via a Delphi survey of relevant experts.
Effectiveness is reported as 60%.
anti_htns_treatment_effect_md The effect of intravenous Sourced directly from Pollard et al. (37) in which the authors
antihypertensive treatment on risk of 0.5 estimate the effect of hypertensive therapy on maternal

maternal death due to severe pre-
eclampsia or eclampsia

death due to hypertensive disorders via a Delphi survey or
relevant experts. Effectiveness is reported as 50%.
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prob_delivery_modes_ec The probabilities that a woman [0,0, 1] Assumption
experiencing eclampsia in pregnancy
will deliver without intervention, via
AVD or via CS respectively.

prob_delivery_modes_spe The probabilities that a mother [0.05, 0.05,0.9] | Assumption
experiencing severe pre-eclampsia in
pregnancy will deliver without
intervention, via AVD or via CS
respectively.

* Where two values (or sets of values) are provided the first set is applied from 2010-2014 and the second set from 2015 onwards for a given simulation run (§1.2.1.1)
** |f two names are provided for the same parameter this means the name varies by python file. Both are provided to ensure clarity when reviewing any code

Table S48 — Parameters for the hypertensive disorders of pregnancy model
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3.1.11 Obstructed labour

3.1.11.1 Condition overview

Obstructed labour (OL) can be defined as “a situation when the descent of the presenting
part (of the foetus) is arrested during labour due to an insurmountable barrier. This occurs
in spite of strong uterine contractions and further progress cannot be made without
assistance. Obstruction usually occurs at the brim but it may occur in the cavity or at the
outlet of the pelvis” (236). The onset of OL can be secondary to several distinct or co-
existing causes, most notably cephalopelvic disproportion (CPD), in which there is a
mismatch between foetal head size and maternal pelvis, foetal malpresentation or
malposition, such as breech or face presentation, and other maternal or foetal physiological

causes (237-240).

Predictive factors of CPD, the most reported cause of OL in east African settings for which
there is data (238), were identified from the literature and in collaboration with clinicians
before inclusion in the model and include foetal macrosomia (242) and maternal stunting
(242-244). Due to inconclusive findings relating to predictors of
malpresentation/malposition and ‘other’ causes of OL only predictors of CPD have been

included in the model.

OL is associated with considerable maternal and perinatal morbidity and mortality,
especially in settings where access to timely treatment may be limited (236,240,241). Most
notably OL has a causal relationship with maternal uterine rupture which itself is associated
with a very high probability of death. Regarding morbidity, OL is credited as one of the
primary causes of obstetric fistula which can lead to significant life-long disability and
societal impacts for women of reproductive age and is particularly prevalent in Malawi

(25,245).

Estimates of the pooled global incidence of OL appears to be limited. Whilst the GBD study
does report the assumed global incidence rate of OL of 121.62 (97.77, 151.60) per 100, 000
people (1), this is a combined estimate including cases of uterine rupture. Interestingly,

within east Africa, a systematic review of studies conducted in Ethiopia, containing data
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from over twenty-eight thousand births, reported a pooled incidence of OL among mothers
who gave birth in Ethiopia of 12.93% (95% Cl: 10.44, 15.42) suggesting a considerable
number of births are affected per year (238) and a much higher rate than reported by the
GBD group, likely due to the authors study definition of OL which included prolonged
labour. Similarly, data from Malawi suggests that the incidence of OL is high, albeit lower
than estimates provided by Ayenew (238), with the 2015 BEmONC survey reporting a total

of 20,232 cases of OL giving an estimated rate of 33.8 cases per 1000 live births (33).

3.1.11.2 Model

Figure S24 describes the model of OL and Table S49 describes model parameters.
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Figure S24 — Model of obstructed labour
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The probability that labour will become obstructed is applied to all individuals at labour
onset. It is assumed that multiple potential ‘causes’ of obstructed labour (CPD,
malposition/malpresentation and ‘other) can co-exist in the same individual and therefore

the probabilities of OL onset are applied independently from each cause.

The probability of developing OL due to CPD is calculated as shown below:

Y = prob_obstruction_cpd
* (nb_low_birth_weight_status * rr_obstruction_foetal_macrosomia)

* (un_HAZ_catagory_stunting = rr_obstruction_cpd_stunted_mother)
(24)

Here foetal birthweight, which is calculated at labour onset, acts as a predictor for risk of
CPD alongside maternal Height-for-Age Z score, which denotes if a mother has experienced
stunting during childhood and is therefore likely to be small stature. Currently individual
height/stature is not modelled however as there was strong evidence of a relationship
between stature and OL, maternal stunting was deemed an appropriate proxy. The
parameters prob_obstruction_malpos_malpres and prob_obstruction_other represent risk
of OL due to the remaining causes in the model. These parameters lead to a population level
incidence of OL of 33.8 cases per 1000 births as sourced from estimates in Malawi (33,34)

and discussed further in Table S49.

| do not assign OL as a primary cause of maternal death within the model and instead,
where indicated either by literature or clinical review, include OL as a predictor in
multiplicative models calculating the probability of other causes of maternal death. Most
importantly the relationship between OL and uterine rupture is included which has been
well described in the literature and is discussed further §3.1.11. OL is also a predictor of

intrapartum stillbirth as described in §3.1.14.
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3.1.11.2.1 Treatment

Assisted vaginal delivery for OL

Treatment of OL may be provided to mothers who present during labour to a healthcare
facility, including those who initially decided to deliver at home but sought care following
the onset of the complication. Receipt of AVD is dependent on the underlying cause of OL
being either malposition/malpresentation or ‘other’ as it is assumed that for true cases of
CPD delivery can only occur via CS (32). If AVD will be performed, depending on the quality
parameters shown in Figure S24, the success of the intervention is dependent on parameter
prob_successful_assisted_vaginal_delivery, which represents the probability of AVD
leading to a successful delivery given a certain proportion of attempts at delivery can fail
(246). If AVD occurs the treatment effect, parameter treatment_effect_avd_still_birth, is
applied which reduces risk of intrapartum stillbirth, and if delivery cannot occur via AVD the

individual is referred for CS, described below.

Caesarean Section for OL

All women with CPD, and those for which AVD was unsuccessful, are referred to deliver via
CS. Similarly to all other interventions in the model, delivery of CS is conditional on quality
parameters and consumable availability however, unlike AVD, if performed is assumed to
always lead to a delivery of the foetus. The parameter treatment_effect_cs_still_birth is the
effect of CS on risk of stillbirth. Both treatment_effect_avd_still_birth and

treatment_effect_cs_still_birth are described in Table S52.
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3.1.11.3 Data sources and parameters

to ‘other’ causes.

Parameter Name Description Value* Source and/or relevant calculation
prob_obstruction_cpd The probability that a woman in labour 0.012/ The assumed rate of OL in Malawi was sourced from the 2010
who is not stunted and who is not 0.022 and 2015 Malawi EmONC assessment surveys (33,34) by
carrying a macrosomic foetus will dividing the total cases observed in the survey by the
develop OL due to CPD estimated births for the survey year giving a rate of 18.3 and
33.8 per 1000 births respectively.
Next the proportion of OL cases by cause was taken from
Ethiopian systematic review conducted by Ayenew (238). The
overall rate was multiplied by proportion of cases due to CPD
(65%) to give rate secondary to CPD.
rr_obstruction_cpd_stunted_mother The effect of a pregnant woman being 24 Sourced directly from Toh-Adam et al. (245) who report the
stunted compared to not on her risk of effect of short stature (height <145cm) on risk of CPD
OL due to CPD obstruction in a cohort study of over 9,000 deliveries in
Thailand.
rr_obstruction_foetal_macrosomia The effect of a pregnant woman'’s 33 Sourced directly from Tsvieli et al. (241) who report the effect
foetus being macrosomic compared to of macrosomia, through a retrospective population-based
the foetus weighing less than 4kg on study including nearly a quarter of a million pregnancies in
her risk of OL due to CPD Israel.
prob_obstruction_malpos_malpres The probability that a pregnant 0.005/ See prob_obstruction_cpd. Rate of obstruction secondary to
woman in labour will develop OL due 0.009 malpresentation/position assumed to be 27.24% of total OL
to malposition and/or malpresentation rate in keeping with estimate from Ayenew (238).
prob_obstruction_other The probability that a pregnant 0.0015/ | See prob_obstruction_cpd. Rate of obstruction secondary to
woman in labour will develop OL due 0.0027 ‘other causes’ assumed to be 8.11% of total OL rate in keeping

with estimate from Ayenew (238).
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prob_successful_assisted_vaginal_delivery The probability that AVD will be
successful in delivering the foetus
without the need for further
intervention.

0.7

Whilst evidence from several settings suggest that failure rate
of vacuum delivery is approximately 5% (246,247) studies
indicate that foetal position and operative delivery method can
affect success rate considerably (248). In addition, due to
lacking estimates from Malawi, we have opted to use a more
conservative estimate of success of 70% given that AVD is
performed much less commonly than in HICs like the UK
(33,65,249)

* Where two values (or sets of values) are provided the first set is applied from 2010-2014 and the second set from 2015 onwards for a given simulation run (§1.2.1.1)

Table 549- Parameters for the obstructed labour model
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3.1.12 Uterine rupture

3.1.12.1 Condition overview

Uterine rupture (UR) is defined as “tearing of the uterine wall during pregnancy or delivery”
(250). Rupture of the uterine wall is commonly associated with previous delivery via CS in
which tearing occurs along the scar tissue from the previous uterine incision (251).
However, although less common, UR can occur in women who have never delivered before
or have only delivered vaginally especially in contexts where access to appropriate
treatment for prolonged/obstructed may be delayed (252). In addition to caesarean
delivery, OL is also a significant driver of UR in which prolonged contractions during labour

contribute to the likelihood of tearing within the uterine wall (238).

Considering this, and through the conduct of a literature review to determine predictive
factors for UR to include in the model, the following variables were selected when
calculating risk of UR: multiparity (having previously delivered more than once), grand
multiparity (having previously delivered five or more times), having previously delivered via

CS and current labour being obstructed (252,253).

Where UR does occur, the risk of severe maternal outcomes and perinatal death is high,
especially in the context of delayed care, with large sample study data reporting an adjusted
odds ratio for severe maternal outcomes of 40.22 (95% Cl, 24.01-67.36) and perinatal death
33.34 (95% Cl, 21.59—- 51.51) when compared to women without UR (254). Poor maternal
and perinatal outcomes are largely associated with maternal haemodynamic compromise

secondary to hypovolemic shock (255,256).

Largely, UR is considered an extremely rare clinical event with data taken from population-
based studies across settings estimating a pooled prevalence of around 0.053% of births
being affected by UR (250). However, the incidence in women who have delivered
previously via CS is reportedly much higher, and UR may occur in as many as 0.5% of births
within this population (254). Notably, when evaluating incidence by country, the observed

incidence of UR is greater in women delivering in LMIC when compared to HIC (250,254).
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Within Malawi, an estimated 507 cases of UR were documented in the 2015 EmONC survey

leading to an overall rate of 1.06 per 1000 births (or 0.106% of all births) (33).
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3.1.12.2 Model

Figure S25 describes the model of UR that is employed within the module.
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Individual risk of UR during labour is calculated via the following multiplicative model in

equation 25:

Y = prob_uterine_rupture * (la_parity_2 * rr_ur_parity_2)

* (la_parity_3_4 * rr_ur_parity_3_or_4)

* (la_parity_5_plus * rr_ur_parity_5 +) * (la_prev_cs * rr_ur_prev_cs)

x (la_obstructed_labour * rr_ur_obstructed_labour)
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To ensure that the variable which denotes a woman is currently in OL has been updated
prior to the calculation of risk of UR, the application of the risks of these complications
occurs sequentially. As such interventions delivered to treat obstructed labour, such as AVD,

do not currently reduce risk of uterine rupture if successfully delivered.

Calculation of individual risk through equation 25 within the model generates a rate of 1.15
uterine rupture cases per 1000 births in keeping with estimates from Malawi (33). Similarly
to OL, UR is considered an obstetric emergency and mothers who are delivering at home

may seek care for treatment after the complication onsets.

3.1.12.2.1 Treatment

Clinical guidelines recommend immediate surgical intervention for the management of UR
which entails delivery of the foetus and placenta via CS, followed by either repair of the
uterine wall or, in the case where damage to the uterus is irreparable, total hysterectomy
via laparotomy (32,257). To replicate this process in the model, women with uterine rupture
are scheduled to receive CEmONC care, where first it is determined if the required resources
or staff are available to undertake surgical care. If so, CS delivery is performed, and the
appropriate variables are updated. Following this, the parameter
success_rate_uterine_repair is used to determine if surgical repair of the uterus is possible,
otherwise a hysterectomy is performed meaning this individual is unable to become
pregnant again for the remainder of the simulation. The effect of CS delivery on risk of
intrapartum stillbirth is applied as described in §3.1.14 whilst the effect of uterine repair or
hysterectomy is applied to risk of maternal death secondary to rupture through parameters
ur_repair_treatment_effect_md or ur_hysterectomy_treatment_effect_md (Table S50). In
addition, individuals may receive a blood transfusion alongside surgical interventions which

further reduces the risk of death through parameter ur_treatment_effect_bt_md.

One primary assumption in this model is that women are at increased risk of UR after
experiencing obstructed labour (Table S50 below), regardless of whether successful
treatment for OL (AVD/CS) occurs. Whilst one could assume that there is no longer a
relationship between OL and UR if treatment is delivered successfully, this is an abstraction

of reality given women may be in obstructed labour for a significant amount of time prior to
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treatment which would likely increase their risk of UR. Additionally, blocking UR in women
who were successfully treated was determined not to reflect reality as women may

experience uterine rupture due to reasons other than obstructed labour (258,259).
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3.1.12.3 Data sources and parameters

Parameter Name

Description

Value*

Source and/or relevant calculation

prob_uterine_rupture

This parameter is scaled at intialisation of
the simulation to account for the
proportion of women at baseline who
have previously delivered by caesarean
section and whose parity is greater than 1.

Once scaled, as the simulation runs, this
parameter represents the probability that
a pregnant woman who is primiparous,
has not delivered previously by CS and is
not in obstructed labour will experience
UR.

The parameters below starting with
“rr_ur” refer to the effect on the
probability of UR

0.0011/
0.0005

The assumed rate of UR in Malawi was sourced from the 2010 and
2015 Malawi EmONC assessment surveys (33,34) by dividing the
total UR cases observed in the survey by the estimated births for the
survey year giving a rate of 1.25 and 0.84 per 1000 births
respectively.

previously delivered five or more times
compared to once or never

rr_ur_parity_2 The effect of a pregnant woman having 2.74 Sourced directly from Delafield et al. (252) who report the effect of
previously delivered twice compared to several predictors of UR via a mixed-effects logistic regression model
once or never including data on over 84,000 women in Mali and Senegal.
rr_ur_parity_3_or_4 The effect of a pregnant woman having 4.89 See rr_ur_parity_2.
previously delivered three or four times
compared to once
rr_ur_parity 5+ The effect of a pregnant woman having 7.57 See rr_ur_parity_2.
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rr_ur_prev_cs The effect of a pregnant woman having 2.02 See rr_ur_parity_2.
ever previously delivered via CS
rr_ur_obstructed_labour The effect of a pregnant woman in labour 23.6 See rr_ur_parity_2.
being in OL
cfr_uterine_rupture The probability that a pregnant woman 0.65 / See prob_ectopic_pregnancy_death in Table S39.
will die following UR during labour 0.50
without treatment
success_rate_uterine_repair The probability that surgical repair of a 0.83 Due to lacking estimates from Malawi this parameter was sourced
ruptured uterus will be successful, directly from Sinha et al. (260) who report outcomes from a seven-
avoiding hysterectomy year retrospective analysis of treatment of UR cases in a tertiary
facility in New Delhi.
ur_repair_treatment_effect_md The effect of surgical repair of ruptured 0.25 Pollard et al. (37) estimate the effect of interventions on maternal
uterus on risk of maternal death due to death due to obstructed labour but not UR. Due to the relationship
UR between these factors, it is assumed these effects are
interchangeable for the purpose of the model. The effectiveness of
‘CEmONC’ services on obstructed labour deaths is reported as 90%.
These services are reasonably constituted of surgery and blood
transfusion. As such blood transfusion effect is assumed to be 0.4
and the surgical effect is 0.25. (0.25 x 0.4 = 0.1)
ur_hysterectomy_treatment_effect_md | The effect of hysterectomy on risk of 0.25 See ur_repair_treatment_effect_md. For the model, it is assumed

maternal death due to UR

the effects of uterine preserving surgery and hysterectomy on
maternal mortality are the same.
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ur_treatment_effect_bt_md The effect of blood transfusion on risk of 0.4 See ur_repair_treatment_effect_md.
maternal death due to UR

* Where two values (or sets of values) are provided the first set is applied from 2010-2014 and the second set from 2015 onwards for a given simulation run (§1.2.1.1)

Table S50 Parameters of the uterine rupture model
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3.1.13 Postpartum haemorrhage

3.1.13.1 Condition overview

The term postpartum haemorrhage (PPH) broadly refers to clinically significant bleeding
following birth, which can be sub-categorised as primary PPH, if a woman experiences blood
loss of 500ml or more within twenty-four hours of birth, or secondary PPH, if any ‘abnormal
or excessive’ bleeding from the birth canal occurs between twenty-four hours and twelve

weeks after delivery (261).

The aetiology of both primary and secondary PPH Is extensively discussed In the literature
and underlying causes of bleeding can often be attributed to one of the ‘Four T’s’, a
mnemonic popular in clinical obstetrics, namely Tone, Tissue, Trauma and Thrombin (262).
‘Tone’ refers to PPH caused by uterine atony, in which the uterus fails to contract
sufficiently following birth to achieve haemostasis. This is widely reported as the leading
cause of PPH and is particularly associated with primary bleeding (263-266). ‘Tissue’ relates
to bleeding associated with retention of tissues within the uterus (such as the placenta) or
conditions of invasive placenta. When co-existing with maternal infection, it is often
attributed as the most common cause of secondary bleeding (262,267). ‘Trauma’ relates to
bleeding that can occur for many reasons but is often attributed to genital tract laceration
or tears occurring during labour due to natural or nosocomial causes. ‘Thrombin’ refers to

bleeding secondary to maternal coagulopathy often caused by clotting disorders (262).

As described below, we have opted to model primary and secondary PPH as distinct
conditions and to include risk of primary PPH due to uterine atony (tone), retained
placenta/products (tissue) and ‘other causes’ (trauma/thrombin). Regarding primary PPH,
the review of the literature for predictive factors identified maternal hypertension, twin
pregnancy, foetal macrosomia, and placental abruption as predictors of PPH secondary to
uterine atony (268). Significant important risk factors for primary PPH associated with

retained placenta/products were not identified for inclusion.

PPH is one of the most common causes of maternal death globally (269). Haemorrhage is

particularly dangerous in settings with a significant burden of maternal anaemia, because
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the volume of maternal blood loss leading to clinically significant outcomes is much less in
anaemic women than in those with normal haemoglobin levels (270). This relationship is

captured explicitly in the model.

Globally as many as 6.09% (95% Cl 6.06, 6.11) of women who deliver will experience PPH;
however, this estimate varies considerably according to how bleeding is measured
(objectively or not) and how the severity of haemorrhage is defined (271). Estimates of PPH
prevalence vary significantly between regions: from 7.2% (95% Cl 6.3, 8.1) in Oceania to
25.7% (95% ClI 13.9, 39.7) in Africa; however, there is evidence of considerable
heterogeneity between studies associated with study country, methods of blood loss

measurement and mode of delivery (272).

In Malawi, data suggests that the incidence of PPH is much lower than estimated by the
above studies. Lokken et al. (273), who conducted a systematic review and meta-analysis of
studies reporting incidence of PPH in Malawi reported that 2% (95% Cl 1.7%, 2.4%) of births
are complicated by postpartum haemorrhage, however only two studies were identified for
review. Additionally, data taken from the EmONC surveys conducted in 2010 and 2015
captured 4658 and 6958 cases of PPH respectively leading to an estimated 1.61% and 1.46%

prevalence of PPH after birth, significantly lower that global or regional estimates (33,34).

3.1.13.2 Model

Figures S26 and S27 describe the models of primary and secondary PPH respectively which

are employed within the module.
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Figure S26 — Model of primary postpartum haemorrhage
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Figure S27 — Model of secondary postpartum haemorrhage
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Primary PPH

As described above, PPH may be due to several distinct or coexisting causes. To replicate
this within the simulation, and to allow for treatment delivery based on the aetiology of the
bleed, which is common practice within Malawi (31,32), overall incidence of primary PPH is
driven by probability of bleeding secondary to uterine atony, retained placenta or ‘other’
causes (i.e. coagulopathies, iatrogenic/non-iatrogenic lacerations). Similarly, to the model of
OL, these probabilities are applied independently under the assumption that multiple
causes of PPH may coexist in the same woman. Individual risk of primary PPH due to uterine
atony is applied to all women immediately following delivery and is calculated by equation

26:

Y = prob_pph_uterine_atony * (ps_htn_disorders  rr_pph_ua_hypertension)
* (ps_multiple_pregnancy = rr_pph_ua_multiple_pregnancy)
* (mni_birth_weight = rr_pph_ua_macrosomia)
* (ps_placental_abruption = rr_pph_ua_placental_abruption)

* (mni_amtsl_given * treatment_effect_amtsl)
(26)

In addition to the predictors of PPH due to atonic uterus introduced above, prophylactic
treatment in the form of active management of the third stage of labour (AMTSL) is included
as an intervention shown to reduce the risk of bleeding for primary PPH due to atonic uterus

and retained placenta (63), as described further below.

The risk of primary PPH due to retained placenta is calculated as:

Y = prob_pph_retained_placenta * (mni_amtsl_given * treatment_effect_amtsl)

(27)
Finally, parameter prob_pph_other_causes, represents the risk of primary PPH due to
‘other’ causes. Severity of bleeding is determined using a weighted random draw using
parameter severity_maternal_haemorrhage (Table S51) which is used to determine the
appropriate DALY weight for each woman. It is assumed, similarly to APH, that the severity

of bleeding does not directly impact risk of death and instead only affects morbidity via
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disability weighting. This decision was made as the data source used to calibrate case
fatality parameters did not provide varying estimates by severity and therefore the

numerator used by the authors included all PPH cases.

As evident from Figure S26 above, parameter cfr_pp_pph which represents the risk of death
due to PPH is only applied to women who do not receive treatment or women for whom
first line treatment was unsuccessful — under the assumption that successful first line
treatment completely blocks the causal pathway to death. Additionally, women who are
currently anaemic are at greater risk of death, with risk of death multiplied by
rr_death_from_haem_with_anaemia for these women — this remains true for all other

causes of PPH.

Secondary PPH

A per-week risk of secondary PPH is applied to all women during weeks 1-6 of the postnatal
period (prob_secondary_pph). Individuals who experience secondary PPH may seek
postnatal care with treatment reducing associated risk of death. Likelihood of death from
secondary PPH is assumed to be the same as risk of death from primary PPH due to lacking

data to the contrary.

3.1.13.2.1 Treatment

Primary PPH —AMTSL

Prophylactic treatment for the prevention of primary PPH is initiated for women who deliver
within health facilities. The third stage of labour, in which the uterus contracts and the
placenta is delivered following birth, can be managed either actively or physiologically. A
physiological third stage is one without intervention, whereas AMTSL involves intervention
by a HCW who will deliver a prophylactic uterotonic drug during or immediately following
birth, clamp the umbilical cord (either immediately or after a period of delay) and apply
controlled cord traction to deliver the placenta (257). In both international (274,275) and
Malawian guidelines (32) AMTSL is recommended for all deliveries to reduce the incidence
of severe postpartum bleeding (63). Within the model it is assumed that AMTSL reduces the

risk of primary postpartum haemorrhage secondary to either uterine atony or retained
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placenta via the parameter treatment_effect_amtsl and does not impact other causes of

primary PPH or any cases of secondary PPH as shown in Figures S26 and S27.

Primary PPH — Uterotonics

Treatment for primary PPH is initiated within PNC. Uterotonics drugs such as oxytocin are
recommended as first line treatment within international guidelines (274,275) and clinical
guidelines in Malawi (31,32). If treatment is delivered, parameter
prob_haemostatis_uterotonics determines if treatment is effective in stopping
haemorrhage, in which case the property denoting PPH is reset for this individual and they
are no longer at risk of death. If treatment is unsuccessful the individual is assumed to

require surgery and are referred accordingly.

Primary PPH — Manual removal of retained placenta

Manual removal of retained placenta (MRRP) is a clinical intervention, that can be delivered
at the bedside, in which a HCW detaches the placenta from the uterine wall manually and
removes the placenta and any remaining tissue from the uterus to stop/prevent bleeding
(257). MRRP is indicated for any woman in which haemorrhage is occurring and the placenta
has not been delivered within 30 minutes of birth (257) and is within the PPH treatment

cascade in Malawian guidelines (31,32).

In individuals with PPH secondary to retained placenta who receive MRRP, similarly to
uterotonic treatment, the parameter prob_successful_manual_removal_placenta is used to
determine if the intervention is successful and, if so, resets the relevant properties averting
risk of death. In the case of failed MRRP an individual is referred for surgical treatment

(31,32) in which a laparotomy and surgical removal of retained placenta can be conducted.

Primary PPH — Surgical management and blood transfusion

In the context of PPH, which is refractory to first line treatment, surgical intervention is
indicated to preserve maternal life (257). In Malawi, recommended treatment for
uncontrolled PPH secondary to atonic uterus is a laparotomy followed by B-lynch suture, a
compression suture that manually contracts an atonic uterus (276), bilateral uterine artery

ligation, or hysterectomy (32). In the context of retained placenta, guidelines are less
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explicit but commonly, if retained products cannot be removed safely post laparotomy then

subtotal or total hysterectomy is performed (32).

Modelled individuals can be referred for surgical treatment of PPH if first line treatments
are unsuccessful as described above. Successful surgical management of atonic PPH, in
which the uterus is preserved, is determined using a random draw against parameter
success_rate_pph_surgery. If the uterus cannot be preserved, it is assumed a hysterectomy
is performed and the individual can no longer become pregnant within the model.

Women undergoing surgery for refractory PPH are assumed to be at risk of death, shown in
parameter cfr_pp_pph, which is reduced by the treatment effect of surgery parameter
pph_treatment_effect_surg_md. Currently there is no assumed difference in effect on
mortality between uterine conserving surgery and hysterectomy and therefore the

treatment effects of both interventions are identical as shown in Table S51.

In addition to surgery, transfusion of red blood cells during severe haemorrhage is standard
clinical practice in all settings regardless of the aetiology of bleeding. Malawian guidelines
are explicit in the need to cross match for transfusion and repeat key blood tests such as a
full blood count after PPH onset but are not explicit at which point, or under what
indications, women should be transfused following a PPH (32). As such, in the model it is
assumed that only women for whom first line treatments (uterotonics/MRRP) are
unsuccessful will require blood transfusion. The parameter pph_bt_treatment_effect_md is

the effect of blood transfusion on risk of maternal death.

Secondary PPH

Whilst the underlying cause of secondary PPH are not modelled, data suggests that retained
placental tissue is a leading cause (277,278). As such, the same treatment pathway as for
women experiencing retained placenta are used. Whilst this is an abstraction from reality it

was deemed appropriate for the purposes of the model at this time.
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3.1.13.3 Data sources and parameters

Parameter Name Description Value* | Source and/or relevant calculation
prob_pph_uterine_atony The probability of a postnatal 0.006/ | The assumed rate of PPH in Malawi was sourced from the 2010 and
woman experiencing primary 0.011 2015 Malawi EmONC assessment surveys (33,34) by dividing the total
PPH secondary to uterine atony PPH cases observed in the survey by the estimated births for the
survey year giving a rate of 7.95 and 12.8 per 1000 births respectively.
The parameters below starting In keeping with estimates on the incidence of secondary PPH from
with “rr_pph_ua” refer to the other settings (277) it is assumed that 85% of the total PPH rate is due
effect on the probability of PPH to primary bleeding and the remaining is due to secondary bleeding.
due to uterine atony This leads to a rate of primary PPH 6.76 per 1000 births in 2010 and
10.88 in 2015.
To ensure the percentage of primary PPH cases due to uterine atony is
correct, estimates of proportion of total PPH cases by cause were
estimated from data reported from the US (279). Therefore, it is
assumed that 80% of primary PPH cases are due to uterine atony
leading to a rate of 5.4 per 1000 births in 2010 and 8.7 in 2015.
We have derived these parameters through calibration to these rates.
rr_pph_ua_hypertension The effect of a postnatal 1.84 Sourced directly from Ende et al. (268) who report the effect of
woman being hypertensive several risk factors on risk of PPH due to uterine atony via a
compared to normotensive systematic review and meta-analysis of published studies.
rr_pph_ua_multiple_pregnancy The effect of a postnatal 2.16 See rr_pph_ua_hypertension
woman having been pregnant
with a twin pregnancy
compared to a single foetus
rr_pph_ua_macrosomia The effect of a postnatal 1.46 See rr_pph_ua_hypertension

woman having delivered a
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macrosomic foetus compared
to a non-macrosomic foetus

rr_pph_ua_placental_abruption The effect of a postnatal 2.74 See rr_pph_ua_hypertension
woman having experienced
placental abruption during
pregnancy

prob_pph_retained_placenta The probability of a postnatal 0.001/ | See prob_pph_uterine_atony. Bateman et al. (279) report 10% of
woman experiencing primary 0.0016 | observed PPH was due to retained placenta. Therefore, the rate of
PPH secondary to a retained PPH secondary to retained placenta in the model is equal to 0.68 per
placenta 1000 births in 2010 and 1.1 per 1000 births in 2015.

prob_pph_other_causes The probability of a postnatal 0.0007/ | See prob_pph_uterine_atony. Bateman et al. (279) report 10% of
woman experiencing primary 0.001 observed PPH was due to other causes. Therefore, the rate of PPH
PPH secondary to other causes secondary to other causes in the model is equal to 0.68 per 1000

births in 2010 and 1.1 per 1000 births in 2015.

cfr_pp_pph The probability that a postnatal 0.22/ See prob_ectopic_pregnancy_death in Table S39.
woman will die following PPH 0.08
without treatment

rr_death_from_haem_with_anaemia The effect of maternal anaemia 1.5 See rr_death_from_haem_with_anaemia Table S41.
on a postnatal woman risk of
dying from PPH

prob_secondary_pph The probability that a postnatal | 0.0002/ | See prob_pph_uterine_atony. In keeping with the assumption that
woman who has recently 0.0004 | 20% of total PPH burden is due to secondary bleeding the assumed
delivered will experience a PPH rate of secondary PPH is 1.19 per 1000 in 2010 and 1.92 per 1000 in
occurring more than twenty- 2015.
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four hours after birth per week
of the postnatal period
cfr_secondary_postpartum_haemorrhage The probability that a postnatal 0.22/ See prob_ectopic_pregnancy_death in Table S39.
woman will die following a 0.08
secondary PPH without
treatment
treatment_effect_amtsl The effect of AMTSL on 0.34 Sourced directly from Begley et al. (63) who reports the effect of
maternal risk of PPH secondary AMTSL on risk of haemorrhage as RR 0.34 (95% Cl 0.14 to 0.87)
to atonic uterus or retained through a Cochrane review of RCTs.
placenta
prob_haemostatis_uterotonics The probability that the 0.57 Gallos et al. (71) estimate the relative effect of oxytocin
administration of uterotonic administration on the whether a woman experiencing PPH who has
drugs to a postnatal woman received treatment with the drug will require additional uterotonics as
experiencing PPH secondary to RR 0.43 (0.32, 0.58) via a Cochrane review. This equates to a 57%
uterine atony will stop bleeding reduction in need for additional treatment post oxytocin. For the
model, it is assumed therefore that there is a 0.57 probability that
oxytocin will prevent the need for additional treatment and stop
bleeding.
prob_successful_manual_removal_placenta The probability that MRRP will 0.75 Pollard et al. (37) report a 75% effectiveness of ‘BEmONC’ on reducing
stop additional bleeding in a mortality caused by PPH via a Delphi survey of relevant experts which
postnatal woman experiencing has been used for this parameter. Whilst the authors do report an
PPH secondary to retained estimate for the effect or MRRP on death due to PPH (30%) this is
placenta considerably lower than the estimate for BEmONC.
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pph_bt_treatment_effect_md The effect of blood transfusion 0.4 Pollard et al. (37) estimate of ‘CEmONC’ services on PPH deaths is
on risk of death secondary to reported as 90%. These services are reasonably constituted of surgery
PPH and blood transfusion. As such blood transfusion effect is assumed to
be 0.4 and the surgical effect is 0.25. (0.25 x 0.4 = 0.1)
success_rate_pph_surgery The probability that uterine 0.79 The success rate of uterine preserving surgery in the management of
preserving surgery for the intractable PPH taken directly from a five-year review of surgical
management of PPH will be management in a Nigerian centre by Cengiz et al. (281).
successful and the postnatal
woman will not require a
hysterectomy
pph_treatment_effect_surg_md The effect of uterine preserving 0.25 See pph_bt_treatment_effect_md
surgical management of PPH on
risk of death secondary to PPH
pph_treatment_effect_hyst_md The effect of hysterectomy as 0.25 See pph_treatment_effect_surg_md. Presently, it is assumed that

management of PPH on risk of
death secondary to PPH

uterine preserving surgery and hysterectomy are equally effective in
preventing death.

* Where two values (or sets of values) are provided the first set is applied from 2010-2014 and the second set from 2015 onwards for a given simulation run (§1.2.1.1)

Table S51 — Parameters for the postpartum haemorrhage model
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3.1.14 Stillbirth
3.1.14.1 Condition overview

3.1.14.1.1 Antenatal stillbirth

Stillbirth is defined as a baby born with no signs of life at or after 28 weeks’ gestation (281).
Stillbirths can occur prior to the onset of labour, referred to as antenatal stillbirths, or during
labour and delivery, referred to as intrapartum stillbirths. There is extensive literature
evaluating the aetiology of antenatal stillbirth across settings. Through evaluation of the
literature which has attempted to classify underlying causes of antenatal stillbirth in
contexts like Malawi, the antecedent causes of antenatal stillbirth can be categorised
broadly as haemorrhage secondary to placental issues, maternal infection, other maternal
disorders and other or unknown causes (such as non-survivable structural foetal anomalies,

pathological placental conditions, unknown cause) (282-286).

Using this framework, and through review of the literature and discussion with clinical
experts, the following factors have been included in the model that impact risk of stillbirth;
APH (287), antenatal infection due to chorioamnionitis (288), syphilis (151), malaria (289),
other direct maternal conditions associated with pregnancy (pre-eclampsia and gestational
hypertension (290) and GDM (291), indirect maternal conditions which onset during
pregnancy or are already present to (chronic hypertension (290), diabetes mellitus (292))

and post term pregnancy (174). The rate of stillbirth in Malawi is described in Table S52.

3.1.14.1.2 Intrapartum stillbirth

Intrapartum stillbirth refers to a foetal death occurring after the onset of labour in which
“documentation of a live foetus prior to or at the onset of labour exists” (293) and can
clinically be defined as “delivery of a foetus occurring after 22 weeks of gestation or with a
birthweight more than 500 g, who had foetal heart sounds (FHS) at admission but no FHS
present 15 minutes before delivery and never breathed spontaneously after birth or after
10 minutes of resuscitation”(294). Importantly, within the model, as recommended by the

WHO (281) a 28 -week GA cut off is used.
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As with stillbirths occurring in the antenatal period, determining underlying cause of foetal
death can be particularly challenging due to the relationship between individual
pathophysiological and wider health system factors which often coexist in many settings
contributing to death (295). However, evidence does suggest that intrapartum stillbirths are
often due to sustained foetal hypoxia, surpassing usual foetal tolerance for transient
hypoxia associated with normal labour, caused by intrapartum complications (296,297). This
is supported by several studies conducted in LMICs demonstrating significant association
between intrapartum foetal death and commonly occurring maternal complications such as
obstructed labour, uterine rupture, and intrapartum haemorrhage (254,287). As such,
predictive factors identified for inclusion in the model from relevant literature include
maternal death, uterine rupture, obstructed labour, APH, maternal hypertension, maternal

sepsis, and twin gestation (254,287).

3.1.14.2 Models

3.1.14.2.1 Antenatal stillbirth
A per-month risk of antenatal stillbirth is applied to all women following 28 weeks’ gestation
in keeping with the WHO definition discussed above. The model used to calculate individual

risk of stillbirth, at time (t), is described in equation 28:
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Y¢) = prob_still_birth_per_month
* (ps_gestational_age_in_weeks_41 * rr_still_birth_ga_41)
* (ps_gestational_age_in_weeks_42 = rr_still_birth_ga_42)
* (ps_gestational_age_in_weeks_43_plus * rr_still_birth_ga_> 42)
* (ps_gest_diab * rr_still_birth_gest_diab)
* (nc_diabetes * rr_still_birth_diab_mellitus)
* (ma_is_infected * rr_still_birth_maternal_malaria)
* (ps_syphilis = rr_still_birth_maternal_syphilis)
* (ps_htn_disorders_pe * rr_still_birth_pre_eclampsia)
* (ps_htn_disorders_ec = rr_still_birth_eclampsia)
* (ps_htn_disorders_gh * rr_still_birth_gest_htn)
* (nc_hypertension = rr_still_birth_chronic_htn)
* (ps_antepartum_haem x* rr_still_birth_aph)
* (ps_chorioamnionitis * rr_still_birth_chorio)
* (ac_receiving_bep_supplements
* treatment_effect_still_birth_food_supps)

* (ps_gest_diab = treatment_effect_gdm_case_management)

(28)
To replicate the effect of post-term gestation on risk of stillbirth, the risk of stillbirth is
applied in a weekly time step to all women whose pregnancy continues past 40 weeks.
Equation 28 is calculated for each post term woman with the final risk divided by 4.348
(estimated weeks in a month) to give a weekly risk of stillbirth which will have been

increased due to their GA as evident from parameters in Table S52.

In addition to the effect of GA and maternal conditions, receipt of balanced energy and
protein supplementation in at risk women may reduce overall risk of pregnancy loss via the
parameter treatment_effect_still_birth_food_sups and is administered during ANC.
Additionally for mothers with gestational diabetes, who are at increased risk of stillbirth,
that have received treatment, the parameter treatment_effect_gdm_case_management is
applied to reduce this risk. If a pregnancy will end in an antenatal stillbirth, then the stillbirth

is logged, the relevant pregnancy variables are updated, and the pregnancy ends.

For simplicity, women undergoing antenatal stillbirth do not currently progress through the

labour module and as such they do not use healthcare resources through delivery or occur
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risk of labour or postnatal related outcomes. This was deemed acceptable as antenatal

stillbirths likely constitute less than one percent of total births in Malawi (281).

3.1.14.2.2 Intrapartum stillbirth
Following the application of the risk that an individual will develop any complications in
labour, and whether they will receive treatment, the probability that the individual will

experience an intrapartum stillbirth is calculated as follows and applied to all women:

Y = prob_ip_still_birth = (la_uterine_rupture * rr_still_birth_ur)
x (la_obstructed_labour * rr_still_birth_ol)
* (la_antepartum_haem = rr_still_birth_aph)
* (ps_htn_disorders * rr_still_birth_hypertension)
* (la_sepsis = rr_still_birth_sepsis)
* (ps_multiple_pregnancy = rr_still_birth__multiple_pregnancy)
* (mni_delivery_mode_avd * treatment_effect_avd_still_birth)

* (mni_delivery_mode_cs » treatment_effect_cs_still_birth)

(29)
As evident from the variables in equation 29, risk of intrapartum stillbirth is applied
sequentially to the risk of maternal death to allow for maternal death to be a predictor in
stillbirth risk but also allows for foetus to survive following intrapartum maternal death
(298). Additionally, it is here that the effect of AVD and CS are applied to reduce risk of
stillbirth through the treatment parameters
treatment_effect_avd_still_birth and treatment_effect_cs_still_birth (see Table S52) is
applied. Following stillbirth, live birth is blocked in the model meaning a new individual is

not appended to the data frame and is logged accordingly.

In the case of multiple pregnancy, if an intrapartum stillbirth will occur, then parameter
prob_both_twins_ip_still_birth is used to determine if both foetuses will die during labour
or if one will survive- currently it is assumed that the probability of the death of both
foetuses is very high. Women experiencing intrapartum stillbirth enter the postnatal model
like all other women and are eligible to experience complications and seek care during this

time.
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3.1.14.3 Data sources and parameters

Parameter Name Description ‘ Value* ‘ Source and/or relevant calculation

Antenatal parameters

prob_still_birth_per_month This parameter is scaled at intialisation of 0.0031/ | The total stillbirth rate in Malawi was sourced from the UN Inter-
the simulation to account for the 0.0026 | agency Group for Child Mortality Estimation group estimates for
proportion of women at baseline who Malawi in 2010 and 2015 (281). The authors estimate the stillbirth
have diabetes mellitus and malaria. rate in Malawi as 19.76 per 1000 births in 2010 and 17.27 in 2015.
Once scaled, as the simulation runs, this In keeping with estimates from other settings (299) it is assumed
parameter represents the probability that that approximately 50% of stillbirths occur in the antenatal period
a pregnant woman, whose GA is less than and 50% in the intrapartum period leading to a rate of antenatal
40, does not have GDM, does not have and intrapartum stillbirth of 9.88 per 1000 births in 2010 and 8.64
diabetes mellitus, does not have malaria, per 1000 births in 2015.
does not have syphilis, does not have pre-
eclampsia or eclampsia, does not have
gestational hypertension, does not have
chronic hypertension and has not
experience an APH will experience an
antenatal stillbirth after 28 weeks GA.
The parameters in this section (“Antenatal
parameters”), whose name initiates with
“rr_still_birth” indicate different effects
on the risk of antenatal stillbirth.

rr_still_birth_ga_41 The effect of a woman’s pregnancy 2.24 Sourced directly from Muglu et al. (174) who report the effect of

continuing to 41 weeks compared to
delivering at term

GA in weeks on risk of stillbirth via a systematic review and meta-
analysis of cohort studies leading to a sample of over 15 million
pregnancies.
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rr_still_birth_ga_42 The effect of a woman’s pregnancy 3.88 See rr_still_birth_ga_41
continuing to 42 weeks compared to
delivering at term
rr_still_birth_ga_>42 The effect of a woman’s pregnancy 6.94 See rr_still_birth_ga_41
continuing to and beyond 42 weeks
compared to delivering at term GA
rr_still_birth_gest_diab The effect of a pregnant woman 3.91 Sourced directly from Tabatabaee et al. (291), a case control study
experiencing GDM conducted in Iran.
rr_still_birth_diab_mellitus The effect of a pregnant woman 3.52 Sourced directly from Yu et al. (292) who estimate the effect of
experiencing non-gestational diabetes pre-gestational diabetes on stillbirth risk via systematic review and
mellitus meta-analysis of over 100 studies leading to a sample of over 40
million pregnancies.
rr_still_birth_maternal_malaria The effect of a pregnant woman 1.81 Sourced directly from Moore et al. (289) a systematic review and
experiencing malaria infection meta-analysis of over 59 studies leading to a sample of over
140,000 women.
rr_still_birth_maternal_syphilis The effect of a pregnant woman 6.87 Sourced directly from Arnesen et al. (151), a retrospective study
experiencing syphilis infection conducted in 11 countries across Latin America and the Caribbean.
rr_still_birth_pre_eclampsia The effect of a pregnant woman 4.15 Sourced directly from Xiong et al. (290) who estimate the effect of
experiencing pre-eclampsia the hypertensive disorders of pregnancy on risk of stillbirth using
data from nearly 6 million births in China.
rr_still_birth_eclampsia The effect of a pregnant woman 4.15 See rr_still_birth_pre_eclampsia.

experiencing eclampsia

237




rr_still_birth_gest_htn The effect of a pregnant woman 1.21 See rr_still_birth_pre_eclampsia.
experiencing gestational hypertension
rr_still_birth_chronic_htn The effect of a pregnant woman 2.32 See rr_still_birth_pre_eclampsia.
experiencing chronic hypertension
rr_still_birth_aph The effect of a pregnant woman 2.1 See rr_still_birth_pre_eclampsia.
experiencing APH
rr_still_birth_chorio The effect of a pregnant woman 2 Sourced directly from McClure et al. (288) who estimate the effect
experiencing antepartum of maternal infection on stillbirth risk via literature review.
chorioamnionitis
treatment_effect_still_birth_food_sups | The effect of a pregnant woman receiving 0.6 Sourced directly from Ota et al. (43), a Cochrane review of
daily balanced energy and protein published RCTs. They report an effect of RR 0.60, (95% Cl 0.39 to
supplementation during pregnancy on her 0.94)
risk of antenatal stillbirth
treatment_effect_gdm_case_managem | The effect of effective management of 0.9 Sourced directly from Syed et al. (300), a Delphi survey of relevant
ent gestational diabetes on risk of antenatal experts.
stillbirth
Intrapartum parameters
prob_ip_still_birth The probability that a pregnant woman in 0.006/ | See prob_still_birth_per_month.
labour who survives labour, does not 0.005

experience uterine rupture, obstructed
labour, APH, maternal sepsis, does not
have hypertension and is not pregnant
with twins will experience an intrapartum
stillbirth.
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The parameters In this section
(“Intrapartum parameters”), whose name
" 2

contains “rr” or “effect” indicate different
effects on the risk of intrapartum stillbirth

rr_still_birth_maternal_death The effect of maternal death 180 Assumption. (180*0.005 = 0.9 risk of stillbirth in case of maternal
death).

rr_still_birth_ur The effect of maternal uterine rupture 56.6 Sourced directly from Motomura et al. (254) a study using data
from the WHO Multicountry Survey on Maternal and newborn
Health.

rr_still_birth_ol The effect of maternal obstructed labour 4.5 Sourced directly from Ashish et al. (287), a case control study of
mothers in Nepal.

rr_still_birth_aph The effect of maternal APH 2.1 See rr_still_birth_ol.

rr_still_birth_hypertension The effect of maternal hypertension 4.5 See rr_still_birth_ol.

rr_still_birth_sepsis The effect of maternal sepsis 2 See rr_still_birth_ol.

rr_still_birth_multiple_pregnancy The effect of multiple pregnancy 3 See rr_still_birth_ol.

prob_both_twins_ip_still_birth The probability that a pregnant woman 0.8 This parameter has been approximated under the assumption that

who will experience intrapartum stillbirth
will experience stillbirth of both foetuses
in the context of twin pregnancy

risk of death for both foetuses is high in the context of intrapartum
stillbirth.
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treatment_effect_avd_still_birth

The effect of AVD

0.2

| was unable to identify research which quantified the effect of
AVD on risk of stillbirth or perinatal death when compared to no
treatment. A previous systematic review was similarly unable to
identify studies estimating the effect of AVD (301) and recent
Cochrane reviews are limited to antenatal interventions (302). As
such this value is an assumption.

It was noted after the model had been calibrated that the LiST
team estimate that BEmONC and CEmONC could reduce stillbirths
by 45% and 75% respectively (303). This estimate could be used in
the model going forward and is notably more conservative than
the assumption used here.

treatment_effect_cs_still_birth

The effect of CS delivery

0.1

See treatment_effect_avd_still_birth.

* Where two values (or sets of values) are provided the first set is applied from 2010-2014 and the second set from 2015 onwards for a given simulation run (§1.2.1.1)

Table S52 — Parameters of the stillbirth models
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3.1.15 Obstetric Fistula

3.1.15.1 Condition overview

Anatomically, a fistula is an abnormal connection between two hollow epithelised surfaces.
A fistula may develop because of processes associated with labour and delivery and are
classically categorised as: vesicovaginal if there is ‘an abnormal opening between the
bladder and the vagina that results in continuous and unremitting urinary incontinence’
(304) or rectovaginal if there is ‘an abnormal epithelial-lined connections between the

rectum and vagina (305).

Within Malawi, and other African settings, the burden of obstetric fistula is largely driven by
delays in women receiving adequate care around the time of delivery, especially in the
context of prolonged and/or obstructed labour (25). In this situation, prolonged
compression of the soft tissues of the pelvis by the presenting part of the foetus leads to
tissue ischaemia followed by necrosis and fistula formation (306). As such, obstructed
labour was selected as the primary predictor of fistula in the model, as supported by several
studies conducted in Uganda and Kenya which demonstrated the role of prolonged labour
on fistula risk (242,307). The impact of fistula on women is profound and complex. It can
lead to clinical outcomes such as incontinence and repeated infection, with consequent
nuanced social outcomes, such as degradation of marital relationships and community

stigmatisation (245,308,309).

Within LMIC settings the estimated pooled prevalence of fistula, using data from
population-based surveys, is reported as 0.29 (95% Cl 0.00, 1.07) fistula per 1000 women of
reproductive age, with significantly higher prevalence in SSA (1.60 (95% Cl 1.16, 2.10)) (310).
Although often due to different causal mechanisms, obstetric fistula can and does occur in
high income settings, with a large study in Norway reporting a rate of 0.16 per 1000
deliveries (95% Cl 0.10-0.26). In this study almost all cases were iatrogenic or secondary to

trauma, as opposed to obstructed labour (311).

Estimates of fistula prevalence in Malawi vary according to source. In the 2015-2016 DHS

survey 0.6% of interviewed women of reproductive age reported having experienced fistula
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in their lifetime, which is equivalent to 6 per 1000 women of reproductive age (11), which is
over three times greater than estimated by Adler et al. (310) for the region of SSA. However,
a community and facility-based survey study across nine districts in Malawi estimated a
lower prevalence than the DHS: 1.6 per 1000 women who experienced fistula (312). For the
purposes of the model, we have calibrated to the DHS estimates of fistula as the survey is a

population level national survey and therefore more likely to be a reliable estimate.

3.1.15.2 Model
A per delivery risk of fistula is applied to all women following birth. Risk of fistula onset is

calculated as:

Y = prob_obstetric_fistula
* (la_obstructed_labour * rr_obstetric_fistula_obstructed_labour)

(30)
The constant for this equation, parameter prob_obstetric_fistula, represents risk of fistula
in the absence of obstructed labour with this risk being significantly increased in the context
of this complication (313). If a fistula occurs, a probability weighted random draw, using the
probabilities in parameter prevalence_type_of_fistula, assigns whether this fistula is either
vesicovaginal or rectovaginal to capture morbidity through the specific DALY weights

introduced in §1.2.5.3.1.

3.1.15.2.1 Treatment

In Malawian clinical guidelines surgical repair of obstetric fistula is indicated for cases within
8 weeks of delivery, following the administration of several potential investigative tests
(such as the dye test) (32). Currently surgical management of fistula is assumed to be 100%
effective for all women who seek care for treatment in the model. Treatment resets the
variable denoting current fistula for a given individual which in turn removes the disability

weight associated with fistula for that individual — as symptoms will now have resolved.
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3.1.15.3 Data sources and parameters

Parameter Name Description Value* | Source and/or relevant calculation
prob_obstetric_fistula The per- delivery probability that a postnatal woman | 0.00426 | The Malawi 2015-16 DHS estimates there is a prevalence
who has given birth and has not suffered obstructed of obstetric fistula of 0.6% within surveyed women aged
labour will experience an obstetric fistula 15-49 (11). This parameter has been derived by
calibration to that assumed prevalence.
rr_obstetric_fistula_obstructed_labour The effect of a postnatal woman having experienced 14.8 Sourced directly from Lewis-Wall et al. (313) who report
obstructed labour in her most recent birth per- characteristics associated with obstetric fistula from a
delivery risk of developing obstetric fistula on a case control study conducted in Ethiopia. Study uses
multiplicative scale variable ‘labor lasting longer than 1 day’ which has been
assumed to reflect obstructed labour for the purposes of
the model.
prevalence_type_of_fistula The probabilities of an obstetric fistula being [0.924, | Sourced directly from Rijken & Chilopora (314) in which
vesicovaginal or rectovaginal 0.076] the authors report clinical features of 407 fistula cases in

Malawi.

Table S53 — Parameters of the obstetric fistula model
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3.2 Neonatal complication models

3.2.1 Complications of prematurity

Complications associated with preterm birth are a leading cause of newborn death and
disability globally (169) particularly in settings like Malawi where the rate of preterm birth is
higher than the global average (175). Here, how these complications are represented within
the model to simulate the effect of prematurity on newborn outcomes whilst maintaining

model parsimony is described.

Within neonatal epidemiology, complications associated with preterm birth have often been
unified as one distinct contributing cause of death, often referred to simply as ‘prematurity’
(170). However, there are numerous distinct physiological complications caused or
exacerbated by prematurity which may contribute to death and disability, which vary
between high- and low-income settings and GA at delivery (315). Studies evaluating cause-
specific mortality in preterm neonates within east Africa suggest that the leading causes of
neonatal death in this group are respiratory distress syndrome, infection, ‘birth asphyxia’
and ‘other’ causes (including intraventricular haemorrhage, necrotising enterocolitis,

congenital anomalies, and others) (170).

To replicate this the following conditions which can cause preterm death are explicitly
modelled: preterm respiratory distress syndrome (§3.2.1.1), neonatal encephalopathy
(§3.2.2) and early-onset and late onset neonatal sepsis (§3.2.3). Where supported by
evidence prematurity ‘status’ is included as a predictor in models calculating incidence of
these complications, such as with neonatal sepsis. Other causes of preterm death are not
explicitly included but are captured via a fixed case-fatality rate applied to all preterm new-
borns as described below. In addition, due to evidence of an increasing incidence in SSA
(316), retinopathy of prematurity is modelled as a driver of morbidity within this population

as described below.

3.2.1.1 Preterm respiratory distress syndrome
Respiratory distress syndrome (RDS) in neonates is characterised by impairment to

spontaneous respiration following birth and occurs most frequently in preterm infants
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(317). The aetiology of RDS is attributed to “developmental insufficiency of surfactant
production and function, as well as by structural immaturity of the lungs” (317). Due to the
relationship between RDS and lung development, the incidence of RDS appears much
greater in neonates born at an earlier GA and may be as high as 60% in infants born before
twenty-eight weeks GA (318,319). Whilst the majority of RDS cases occur in preterm
neonates the condition can onset in term and post term infants but is very infrequent (320)

and therefore risk of RDS in the model has only been applied to preterm neonates.

Aside from prematurity, the primary predictors of RDS in preterm neonates is maternal
diabetes mellitus in pregnancy (321). Evidence suggests that both maternal gestational and
non-gestational diabetes are associated with an increased risk of RDS, possibly due to the
effect of maternal diabetes on phosphatidylglycerol secretion, an essential component of
surfactant, and the relationship between hyperglycaemia, insulin and gene expression of

key surfactant proteins in the lungs (321).

Outcomes associated with RDS are often poor, and the condition remains a leading cause of
death of preterm infants within African settings (170,322) with data from a neonatal
intensive care unit (NICU) within Ethiopia suggesting as many as forty-five percent of all RDS

cases admitted to the unit dying prior to discharge (323).

There is limited data on the global incidence of preterm RDS, however large observational
studies from high income settings, such as the US, report that RDS is a common
complication of prematurity and that in 2014 there were 361 cases of RDS per 1000 preterm
live births across the country (324). Facility-based studies conducted in Ethiopia report the
incidence of RDS in preterm neonates admitted to the NICU (170,323). Birihane et al. (323)
reported that 40% (95% Cl 35.8, 44.3) of preterm neonates admitted to the NICU during
their study period were diagnosed with RDS and similarly, Muhe et al. (170) report that
during their multi-site prospective study that the admitting diagnosis for 45% of newborns
was RDS. As we were unable to identify sources of data from Malawi reporting the incidence
of RDS, the incidence as 180 cases per 1000 preterm births is estimated using data from the
Ethiopian studies above and an assumed proportion of preterm neonates requiring NICU

care as described further in Table S54 in this section.
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3.2.1.1.2 Model

Figure S28 below describes the model of RDS whilst Table S54 contains the model parameters.

prob_respiratory_distress_preterm
x rr_rds_maternal_diabetes_mellitus
x rr_rds_maternal_gestational_diab

x rr_rds_early _preterm

x treatment_effect_steroid_preterm

P(Facility Delivery)* x
prob_hcw_avail_neo_resus x
mean_hcw_competence** x

Mei(t)
*Represents total probability of

Preterm newborn

(< 37 weeks)

\

Respiratory
distress
syndrome

l

being born in a facility
**Dependent on delivery location &

Treatment -
Basic neonatal
resuscitation

cfr_respiratory_distress_syndrome
x (treatment_effect_resuscitation_preterm

X treatment_effect_modifiert)

:

v

Untreated

cfr_respiratory_distress_syndrome

;

:

Death

Survival

Survival

Death

Figure S28 — Model of preterm respiratory distress syndrome
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The risk of RDS onset is applied to all preterm neonates following birth. Individual risk is

calculated as:

Y = prob_respiratory_distress_syndrome
* (ni_diabetes * rr_rds_maternal_diabetes_mellitus)
* (ps_gest_diab * rr_rds_maternal_gest_diab)
* (nb_early_preterm = rr_rds_early_preterm)

* (nci_corticosteroids_given * treatment_effect_steroid_preterm)
(31)

The parameters are described in Table S54. The parameter
cfr_respiratory_distress_syndrome represents the risk of death associated with RDS which

is applied to all RDS cases, allowing for the administration of treatment where indicated.

3.2.1.1.2.1 Treatment

Delivery of intravenous corticosteroids to women at risk of preterm birth (i.e. those in
preterm labour, undergoing planned preterm delivery or experiencing PROM) is a well-
established intervention shown to be effective in reducing the risk RDS and mortality in the
preterm infants of these mothers by accelerating the production of pulmonary surfactant
(62). There have been some concerns that the evidence base purported to support the use
of steroids has largely been derived from studies conducted in HIC, and that administration
may be associated with unintended neonatal and maternal complications following results
from a large trial intending to increase steroid use in LMIC (325). However the use of
antenatal steroids is be recommended by the WHO in their 2022 guidelines following the
recent publication of new evidence of effectiveness (326). In addition, the administration of
steroids to these mothers is recommended in the Malawian EHP, Obstetric and Standard
Treatment guidelines (31,32,60). Within the model the administration of steroids during
preterm labour reduces the probability of neonatal preterm RDS onset as shown in equation

31.

Additionally, all newborns who are delivered in health facilities are assessed to determine if
neonatal resuscitation is required. It is assumed all preterm newborns with RDS will require

resuscitation to reduce likelihood of death post-delivery as recommended through
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discussion with clinical experts (327). The parameter
treatment_effect_resuscitation_preterm is the effect of basic newborn resuscitation on risk
of death secondary to RDS and, at the time of writing, treatment for RDS within the model is
currently limited to basic neonatal resuscitation as higher-level care is not explicitly

modelled.
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3.2.1.1.3 Data sources and parameter values

receiving antenatal corticosteroids on a
neonate’s risk of developing preterm RDS

Parameter Name Description Value* | Source and/or relevant calculation
prob_respiratory_distress_preterm The probability that a preterm neonate 0.12 Due to lacking data from Malawi reporting the incidence of RDS
born to a mother that does not have in the preterm population we have estimated the rate to which
gestational diabetes or diabetes mellitus the model is calibrated.
and was born after 34 weeks will experience
preterm RDS following birth Data from Ethiopia suggests that approximately 40% of preterm
NICU admission suffer from RDS (170,323). Assuming
The parameters below starting with “rr_rds” approximately 40% of preterm neonates require NICU care (328)
refer to the effect on the probability of RDS The total RDS rate is calculated as 40 * 0.40 = 18 preterm RDS
cases per 100 preterm newborns (180 per 1000 preterm births).
Whilst sufficient for the model’s current purpose this is likely an
underestimate due to cases of untreated RDS.
rr_rds_maternal_diabetes_mellitus The effect of a neonate’s mother 2.66 Sourced directly from Li et al. (329) a systematic review of 24
experiencing non-gestational diabetes studies across several settings.
mellitus
rr_rds_maternal_gestational_diab The effect of a neonate’s mother 1.57 See rr_rds_maternal_diabetes_mellitus.
experiencing gestational diabetes mellitus
rr_rds_early_preterm The effect of a neonate being born before 2.64 Sourced directly from Birihane et al. (323) who explore the
34 weeks GA determinant factors of RDS via an institution-based retrospective
study in Ethiopia of 535 preterm infants.
treatment_effect_steroid_preterm The effect of a preterm neonate’s mother 0.71 Sourced directly from McGoldrick et al. (62) who estimate the

effect of the intervention as RR 0.71, (95% CI 0.65 to 0.78)
through a Cochrane review of RCTs.

249




treatment_effect_resuscitation_preterm | The effect of a preterm neonate receiving 0.81 Sourced directly from Lee et al. (64). The authors estimate the
basic neonatal resuscitation on risk of death effect of immediate assessment and stimulation and basic
secondary to preterm RDS newborn resuscitation on risk of preterm death separately. Both
are estimated to reduce risk of death by 10% leading to a final
treatment effect of 0.81 (1 — (0.9x0.9) = 19% reduction).
cfr_respiratory_distress_syndrome The probability that a preterm neonate will 0.29/ | The model has been calibrated to both the reported NMR in
die due to preterm respiratory distress 0.2 2010 and 2015 sourced from the Malawian DHS surveys in those

syndrome without treatment

years (11,12) and the proportion of total direct neonatal deaths
by cause sourced from the 2010 and 2015 Malawian EmONC
needs assessments (33,34).

As such untreated case fatality parameters have been estimated
through the process of calibration to ensure that the model
replicates both the assumed NMR and the proportion of deaths
by cause.

* Where two values (or sets of values) are provided the first set is applied from 2010-2014 and the second set from 2015 onwards for a given simulation run (§1.2.1.1)

Table S54 — Parameters describing preterm respiratory distress model
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3.2.1.2 Other unmodelled causes of preterm mortality

To reduce model complexity, additional complications associated with prematurity that may
cause neonatal death (i.e., necrotising enterocolitis, intraventricular haemorrhage,
hypothermia etc) are not explicitly modelled. To capture the associated risk of death from
such complications, and other factors relating to prematurity, probability of death is

calculated for each preterm neonate via the following equation:

Y = cfr_preterm_birth *x (nb_early_preterm * rr_preterm_death_early_preterm)

* (nb_kmc * treatment_effect_kmc)

(32)
Within this equation it is assumed that early preterm neonates are at greater risk of death
than their late preterm counterparts which is widely supported by evidence (315, 330). In
addition, it is here that the effect of KMC is applied to risk of death for those neonates who

will receive this treatment postnatally — see §2.6.2.2.

Individual risk of death calculated via equation 32 is applied to all preterm neonates with
the date of death being distributed across the first 14 days of life to prevent clustering.
Parameter prob_preterm_death_by_day, Table S55, is the probability death will occur on
each of these days and generates a distribution skewed towards the first day of birth where

most newborn deaths are clustered (334).
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Parameter Name Description Value* Source and/or relevant calculation
cfr_preterm_birth The probability that a preterm neonate will 0.0227 / See cfr_respiratory_distress_syndrome in Table S53.
die due to complications associated with 0.0187
prematurity not explicitly modelled
rr_preterm_death_early_preterm | The effect of a neonate being born before 34 1.66 Sourced directly from Gou et al. (330) who report the
weeks GA on their risk of death due determinants of preterm mortality via multivariate regression
complications associated with prematurity using data on 2651 preterm births across China.
not explicitly modelled
treatment_effect_kmc The effect of a preterm neonate receiving 0.49 Sourced directly from Lawn et al. (72) who conducted a meta-

KMC on their risk of death secondary to
unmodelled complications associated with
prematurity

analysis of RCTs evaluating the effect of KMC on neonatal
mortality in preterm infants. They report an effect of 0.49 (95%
C1 0.29-0.82).

prob_preterm_death_by_day

The probabilities that a neonate who will die
due to unmodelled complications associated
with prematurity will die on one of the first
14 days of life

[0.4,0.2,0.15,
0.05, 0.02,
0.018, 0.018,
0.018, 0.018,
0.018, 0.018,
0.018, 0.018,
0.018, 0.018]

These values have been estimated to prevent clustering of
deaths on the first day of life. The deaths were spread across
the first 14 days under the assumption that the probability of
preterm death is greatest closest to birth (330).

* Where two values (or sets of values) are provided the first set is applied from 2010-2014 and the second set from 2015 onwards for a given simulation run (§1.2.1.1)

Table S55 — Parameters describing treatment and risk of death associated with unmodelled causes of preterm mortality
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3.2.1.3 Retinopathy of prematurity and other preterm morbidity

In addition to mortality associated with prematurity, long term morbidity is captured within
the model both through explicit representation of retinopathy of prematurity (ROP) and
through application of risk of long-term neurodevelopmental impairment in preterm
infants. ROP is an emerging disease across SSA, attributed in part to advances in health
system development and neonatology leading to an increased proportion of preterm
neonates receiving oxygen therapy, as the administration of high concentration of oxygen in

neonatal care has been identified as a causal influence on ROP (332).

ROP is explicitly modelled due to its role in long term morbidity associated with preterm
birth. For preterm neonates who survive the first 28 days of life, risk of ROP is applied
according to GA at birth with parameter prob_retinopathy_preterm_early being the
probability of any ROP in those born before 32 weeks and prob_retinopathy_preterm_late
being the probability in those born after 32 weeks but before 37 weeks. If ROP will occur
then severity is determined via a probability weighted random draw with
prob_retinopathy_severity_no_treatment (Table S14) being the probability of ROP having
no effect on visual acuity or leading to mild, moderate, or severe impairment or blindness.

These categories match to the disability weights described in Table S13.

Whilst there is evidence of ophthalmologists in Malawi treating cases of ROP (333) we were
unable to identify any data on coverage of treatment or recommended treatment in
available clinical guidelines. Therefore there is no treatment included in the model for ROP
and its effects are currently assumed to be permanent, meaning a lifelong disability weight
is applied to affected individuals. As described in Table S14 these parameters are informed
by Blencowe et al. (16) who estimated the global and regional incidence of ROP in 2010

using available data sources.
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Parameter Name Description Value | Source and/or relevant calculation
prob_retinopathy_preterm_early | The probability that a neonate born 0.365 Sourced directly from Blencowe et al. (16) in which the authors estimate the
before 32 weeks GA will develop ROP incidence of any ROP in survivors of preterm birth via meta-analysis. They
report an incidence of 36.5% (95% Cl: 31.8, 41.1%) in neonates born before
32 weeks.
prob_retinopathy_preterm_late The probability that a neonate born 0.077 See prob_retinopathy_preterm_early. Blencowe et al. (16) estimate that

after 32 weeks and before 37 weeks
GA will develop ROP

7.7% (95% Cl: 6.7, 8.7%) survivors of preterm birth in neonates born after 32
weeks experience ROP.

Table S56 — Parameters describing probability of ROP in preterm neonates
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3.2.2 Neonatal encephalopathy and neonatal respiratory depression

3.2.2.1. Condition overview

Neonatal respiratory depression (NRD), in which a baby is not breathing adequately
following birth, can be due to several distinct causes, including conditions explicitly
represented in the model such as neonatal encephalopathy (NE) or RDS but also due to
other causes not captured such as intracranial or neuromuscular disease, effects of
maternal anaesthetic, infection or meconium aspiration (17). As such, in addition to the
inclusion of NE and RDS in the model a probability of NRD is applied due to other causes as
described further in the following section, which if left untreated can lead to NE secondary

to hypoxia (17).

NE, a leading cause of NRD, can be defined as a “syndrome of disturbed neurologic function
in the earliest days of life in an infant born at or beyond 35 weeks of gestation, manifested
by a subnormal level of consciousness or seizures, and often accompanied by difficulty with
initiating and maintaining respiration and depression of tone and reflexes” (334). Commonly
applied definitions often exclude very preterm infants due to the difficulty in identifying
clinical features of the condition in infants with less mature nervous systems (334).
However, there is evidence to suggest encephalopathy does occur within this group (335)

and as such risk within the model is applied to all neonates.

NE can onset following several possible causes but is often attributed to intrapartum-related
hypoxia, in which prolonged disruption to the exchange of oxygen and carbon dioxide
between foetus and mother (i.e., asphyxia) causes cerebral hypoxic-ischaemia that
overwhelms foetal compensatory mechanisms (334). Evidence suggests that intrapartum-
related hypoxia is the leading cause of NE in both high- and low-income settings (336).
Terminology related to intrapartum-related NE varies considerably in the clinical literature
due to varying clinical definitions and includes ‘birth asphyxia’, ‘perinatal asphyxia’, and
‘hypoxic-ischaemic encephalopathy’ (334). In the model, in keeping with consensus calls by
clinicians and epidemiologists in the field, the term NE is favoured, especially if the aetiology

remains unclear to allow for improved epidemiological surveillance (17).
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Excluding intrapartum-related causes, there are several other causes of NE including
placental insufficiency, perinatal infection, metabolic disorders, malformation or infection of
the central nervous system and genetic disorders (336,337). Evaluation of the literature
related to predictive factors of NE onset within SSA identified very few studies which applied
the definition of NE used here. Tann et al. (338) report predictive factors of NE through an
unmatched case-control study conducted in Uganda which included data on preconception,
antepartum and intrapartum factors and reported the effect of perinatal infection,
obstructed labour and acute intrapartum events (including APH and uterine rupture) on risk
of NE as shown in parameter Table S57. This study was chosen due to the case definition
used by the authors which matches the definition applied in the model, and after discussion

with Dr Tann, who provided validation for the encephalopathy model.

Outcomes of NE vary by severity, which is commonly graded using the Sarnat score
(339,340). Sarnat and Sarnat (340) classify NE cases as either stage one (hyperalert), stage
two (lethargic/obtunted) or stage three (stuporous) dependent on clinical signs such as
neuromuscular control and complex reflex function. Stage three cases of NE are associated
with significant risk of death, with Lee et al. (17) estimating a case fatality of 91.7% in
countries with NMR > 15. NE of any severity is also strongly associated with long term
neurodevelopmental delay with as many as 26.9% of all NE cases experiencing moderate to

severe impairment (17).

Estimates of the incidence of NE fluctuate between studies due to variation in the clinical
definition of NE used and variation between in-facility and population-based estimates
(345). Kurinczuk et al. (341) report an incidence of NE across several countries of between 2
and 6 cases per 1000 live births. In addition to estimated incidence of NE of any aetiology,
several studies have estimated the global incidence of NE associated with intrapartum
events. Lee et al. (17) report that in 2010 there were approximately 8.5 cases of intrapartum
related NE per 1000 live births, leading to 1.15 million (Ul 0.89, 1.60 million) cases — of
which 96% occurred in LMICs. More contemporary estimates, that focused solely on LMICs,
suggest the rates of NE may be even higher and range from 1.5 per 1000 term live births to
20.3 per 1000 term live births in some settings (342). There are no available population or

facility-based study estimates of NE using the definition applied here within Malawi. The
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GBD study reports estimated number of NE cases attributed to ‘birth asphyxia’ and trauma
per year and reported 11,438 cases in 2019 leading to a rate of 18 per 1000 births (1) which

is applied in the model.

3.2.2.2 Model

Figure S29 shows the model of neonatal encephalopathy and Table S57 contains model

parameters.
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Figure S29 — Model of neonatal encephalopathy and neonatal respiratory depression
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Initial risk of neonatal encephalopathy is applied to all term and preterm neonates following

delivery and is calculated as follows:

Y = prob_encephalopathy
* (nb_early_onset_neonatal_sepsis * rr_enceph_neonatal_sepsis)
* (la_obstructed_labour * rr_enceph_obstructed_labour)
* (la_uterine_rupture * rr_enceph_acute_hypoxic_event)
* (ps_antepartum_haem * rr_enceph_acute_hypoxic_event)
(33)

In accordance with the definition of NE provided above, and following recommendation
from clinical experts, it is assumed that all neonates with NE experience some degree of

neonatal respiratory depression requiring intervention as discussed below.

In addition to application of risk of NE to all neonates following birth, it was deemed
appropriate to apply risk of encephalopathy to any neonates who are not encephalopathic
but are experiencing NRD secondary to other causes as shown in Figure S29. This causal
pathway was recommended for inclusion following consultation with experts in the field of

NE.

For each new case in the model, severity is assigned using a probability weighted random
draw, parameter prob_enceph_severity, which generates the correct assumed distribution
of mild, moderate, and severe cases estimated to occur within LMICs (17). Severity of NE is
associated directly with outcomes (17) and as such it is assumed that the baseline NE case
fatality, parameter cfr_enceph, is increased in severe cases by multiplying this probability by
parameter cfr_multiplier_severe_enceph to generate the assumed risk of death for

neonates experiencing NE at this severity (Table S57).

Surviving neonates are at risk of lifelong neurodevelopmental impairment, which is
captured through the application of disability weights. The parameters
prob_mild_impairment_post_enceph and prob_mod_severe_impairment_post_enceph
(Table S14) are the probabilities of impairment used in the model also sourced from Lee et

al. (17) in which the authors estimate prevalence of impairment in survivors of NE
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regardless of severity. As such, severity grading of NE, determined via
prob_enceph_severity, does not directly affect probability of long-term impairment which is

a limitation of the approach taken in the model.

3.2.2.2.1 Treatment

Modelled treatment for NE is limited to basic neonatal resuscitation which can be delivered

to any neonates who are born within a health facility.
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3.2.2.3 Data sources and parameters

Parameter Name Description Value* | Source and/or relevant calculation

prob_encephalopathy The probability that a neonate who is 0.0097 | Due to lacking reliable estimates from other sources the assumed rate
not septic and whose mother did not of NE in Malawi was derived from the GBD study data (1) by dividing
have obstructed labour or experience an the total NE cases reported by the estimated births for the survey year
acute hypoxic event during labour will giving a rate of 18.59 per 1000 live births in 2015 to which the model
develop NE following birth. was calibrated. This parameter was derived through the process of

calibration to this rate.

The parameters below starting with
“rr_enceph” refer to the effect on the
probability of NE

rr_enceph_neonatal_sepsis The effect of a neonate experiencing 8.67 Sourced directly from Tann et al. (338) who report the effect of
early-onset neonatal sepsis determinants of NE via a case-control study of encephalopathic

neonates in Uganda.

rr_enceph_obstructed_labour. The effect of a neonate’s mother having 3.8 See rr_enceph_neonatal_sepsis
experienced obstructed labour

rr_enceph_acute_hypoxic_event The effect of an acute hypoxic event 8.74 See rr_enceph_neonatal_sepsis
(APH or uterine rupture) during labour

prob_enceph_severity The probabilities that a neonate who is [0.422, | Sourced directly from Lee et al. (17) who estimate the proportion of
experiencing NE will experience mild, 0.338, | intrapartum-related NE cases that are mild, moderate, or severe in
moderate, or severe NE. 0.24] | countries with an NMR 2 15 via a systematic review and meta-analysis

cfr_enceph The probability that a neonate will die 0.48 / | See cfr_respiratory_distress_syndrome in Table S54.
due to NE without treatment. 0.28
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cfr_multiplier_severe_enceph The effect of the most severe stage of 1.91/ | Lee etal. (17) estimate that in countries with an NMR > 15, 91.8%

NE on risk of death due to NE. 3.28 (83.4-99.4%) of neonates with grade severe NE will die. Using the case
fatality probability in parameter cfr_enceph these values were
estimated to approximate that risk of death in neonates with severe
NE without treatment.

prob_failure_to_transition The probability that a neonate who is 0.01 The model has been calibrated to an assumed total incidence of

not encephalopathic and is not neonatal respiratory complications (5.74%) sourced from Vossius et al.

experiencing preterm respiratory (343) including NE, preterm RDS and other causes not explicitly

distress syndrome will not modelled which this rate represents.

spontaneously breathe following birth

prob_enceph_no_resus The probability that a neonate who is 0.5 See prob_encephalopathy This parameter was derived from

not encephalopathic but is not breathing calibration to the overall rate of NE in the model.

spontaneous at birth will develop

encephalopathy if not resuscitated

cfr_failed_to_transition The probability that a neonate who is 0.2 See cfr_respiratory_distress_syndrome in Table S54.

not encephalopathic and is not
experiencing preterm respiratory
distress syndrome but is not breathing
spontaneously will die without
treatment
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treatment_effect_resuscitation

The effect of a neonate receiving basic
neonatal resuscitation on risk of death
secondary to encephalopathy or
respiratory depression.

0.63

Sourced directly from Lee et al. (64) who estimate the effect of
immediate assessment and stimulation and basic newborn
resuscitation on risk of intrapartum-related newborn death
separately. Immediate assessment and stimulation is estimated to
reduced risk of death by 10% and in-facility basic newborn
resuscitation is estimated to reduce risk of death by 30% leading to a
final treatment effect of 0.63 (1-(0.9x0.7) = 37% reduction). Effects are
estimated via a Delphi survey of relevant experts.

* Where two values (or sets of values) are provided the first set is applied from 2010-2014 and the second set from 2015 onwards for a given simulation run (§1.2.1.1)

Table S57 — Parameters of the neonatal encephalopathy model
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3.2.3 Neonatal sepsis

3.2.3.1 Condition overview

Neonatal sepsis refers to “a systemic condition of bacterial, viral, or fungal (yeast) origin
that is associated with haemodynamic changes and other clinical manifestations and results
in substantial morbidity and mortality” (344). Commonly, within epidemiology and clinical
practice, neonatal sepsis is sub-divided into early- and late-onset disease due to variation in
both aetiology and prevention of infections which onset at different time points within the

neonatal period (345).

Definitions of early-onset neonatal sepsis (EONS) vary between clinicians and researchers
and may include sepsis which manifests in the first seventy-two hours of life up until seven
days post birth (344,346,347).Within the model, any case of sepsis which onsets within the
first week of life is classified as EONS. EONS is attributed to infections which occur via
vertical mother-to-neonate transmission either in utero, trans-placentally or through
ascending bacteria that enters the uterus from the genital tract following membrane
rupture, or during birth if the neonate is exposed to pathogenic organisms during passage
through the birth canal (344—-347). Commonly EONS is caused by either Group B
streptococcus or Escherichia coli infection, however several other pathogens can lead to

sepsis during this period (344).

In keeping with the presumed aetiology of EONS, and following a review of the relevant
literature relating to predictors of EONS onset, maternal chorioamnionitis, premature
rupture of membranes (348) and prematurity (349) are included as predictors in the model.
In addition, and discussed further in the following section, several treatments which have

been demonstrated to reduce risk of neonatal infection are modelled.

In contrast to EONS, late onset neonatal sepsis (LONS) can be defined as sepsis secondary to
“infections present after delivery, or beyond 3 to 7 days of age, and are attributed to
organisms acquired from interaction with the hospital environment or the community”
(344). The definition of LONS varies depending on the infective organism and prematurity
status of the neonate (344), but for the context of this model the above is the definition

applied. There are several potential causative organisms responsible for LONS, such as
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Escherichia coli, Klebsiella pneumoniae, and Coagulase-negative Staphylococcus (350,351)
and similarly, site of infection can vary considerably with common sites including the blood
stream, lungs, urinary tract, and central nervous system (352). To avoid complicating the

model further, we have opted not to include predictive factors of LONS here.

Neonatal sepsis is associated with significant mortality, especially in LMICs. Using data from
SSA, south Asia, and Latin America, Seale et al. estimate a 9-8% (95% Cl 7-4, 12-2) case-
fatality rate for neonates with severe bacterial infection (353). Similarly, Fleischmann et al.
(354) report that globally, between 1% and 5% of neonates experiencing sepsis die, and 9%

to 20% of those experiencing severe sepsis die.

Fleischmann et al. (354) estimated the global incidence of neonatal sepsis via a systematic
review and meta-analysis and reported a random effects estimated incidence of both EONS
and LONS combined as 2824 (95% Cl 1892, 4194) cases per 100,000 live births across
populations. When limiting this analysis to studies conducted in LMIC, the authors reported
a higher incidence of 3930 (95% Cl 1937, 7812) per 100,000 live births (354). Importantly,
when limiting their analysis to studies in which EONS and LONS were captured distinctly and
without possible overlap they found that the incidence of LONS is 2.6 times less than the
incidence of EONS (EONS 2469/100,000 (95% CI 1424, 4250) and LONS (946/100,000 (95%
Cl 544 to 1642)). Sepsis at any point within the neonatal period can be a cause of long-term
neurodevelopmental impairment, which persists well into the life course, especially in
neonates who are at high risk due to prematurity and low birth weight (355). Risk of
mortality from LONS is high, contributing to the fact that neonatal sepsis remains a leading

cause of neonatal and under five mortality globally (169, 356).

As with many of the complications presented thus far, reliable contemporary estimates of
neonatal sepsis from Malawi are lacking. Within the model, we have opted to use the
estimates produced by Fleischmann et al. (354) described above for calibration of the model

to overall sepsis rate as described in Table S58.
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3.2.3.2 Models

Figures S30 and S31 describe the models of early- and late-onset neonatal sepsis within the module whilst Table S58 contains model

parameters.

Neonate
(Day 0-7)

prob_early onset_neonatal _sepsis_day 0

/ prob_early_onset_neonatal_sepsis_week_1
X rr_eons_maternal_chorio ]
X rr_eons_maternal_prom
X rr_eons_preterm_neonate

X treatmen{)_ effect_clean_birth Neiigi;?rslse?sis
x treatment_effect_early_init_bf
x treatment_effect_abx_prom

P(Postnatal Care Hospital) x P(Postnatal Care Health Centre) x

prob_hcw_avail_iv_abx x prob_hcw_avail_iv_abx x

mean_hcw_competence_hp x mean_hcw_competence_hc x

Mei() [ei()

Treatment - Treatment -
Full Supportive Care IV antibiotics only Untreated
cfr_early_onset_sepsis cfr_early_onset_sepsis
x (treatment_effect_supp_care_sep x X (treatment_effect_inj_abx_sep x cfr_early_onset_sepsis
treatment_effect_modifiert) treatment_effect_modifiert)
tif treatment is delayed... 1If treatment is delayed...
Death Survival Death Survival Death Survival

Figure S30- Model of early-onset neonatal sepsis
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P(Postnatal Care Hospital) x
prob_hcw_avail_iv_abx x
mean_hcw_competence_hp x

[eit)

prob_late _onset neonatal sepsis
X treatment _effect _early init_bf

Neonate
(Day 7+)

\

Late-onset

Neonatal Sepsis

P(Postnatal Care Health Centre) x

prob_hcw_avail_iv_abx x
mean_hcw_competence_hc x

[eit)

v

Treatment -
Full Supportive Care

cfr_late_neonatal sepsis
x (treatment_effect_supp_care_sep x
treatment_effect_modifiert)

Treatment -
1V antibiotics only

cfr_late_neonatal_sepsis

x (treatment_effect_inj_abx_sep x

treatment_effect_modifiert)

tif treatment is delayed...

—

Tif treatment is delayed...

!

l

Untreated

cfr_late_neonatal_sepsis

Death

Survival

Death

Survival

Death

Survival

Figure S31 — Model of late-onset neonatal sepsis
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Risk of EONS is applied at two time points within the model. First, risk is applied
immediately following birth in keeping with the other conditions discussed in this section
and secondly risk is applied again prior to the end of the first week of life. Individual

probability of EONS onset is calculated as follows®:

Y = prob_early_onset_sepsis_neonatal_day_0
* (nci_maternal_chorio * rr_eons_maternal_chorio)
* (ps_premature_rupture_of_membranes * rr_eons_maternal_prom)
* (nb_early_preterm * rr_eons_preterm_neonate)
* (nb_late_preterm * rr_eons_preterm_neonate)
x (nb_clean_birth * treatment_effect_clean_birth)
* (nb_early_init_breastfeeding * treatment_effect_early_init_bf)

* (nci_abx_for_prom_given * treatment_effect_abx_prom)

(34)
Several prophylactic treatments delivered to both mothers and newborns are included in
the model which reduce initial risk of sepsis onset including clean birth practices, early
initiation of breastfeeding and, for neonates born to mothers with PROM who received

treatment, prophylactic antibiotics. These have been introduced in §2.5.2.

Care for neonates with EONS is initiated via PNC, if care seeking occurs. The probability of
death following EONS in the absence of treatment is indicated by the parameter
cfr_early_onset_neonatal_sepsis in Table S58 and is mitigated by interventions that can be
delivered following care seeking for postnatal care, as shown in the figure above and

described later in this section.

All neonates who survive following EONS, and survive the remainder of the neonatal period,
are at risk of developing long term neurodevelopmental impairment due to their condition.
Neonates who develop impairment are currently assumed to experience impairment for life

and as such the disability weight for sepsis related impairment, in Table S14, will be

8 When risk is calculated in week two, intercept parameter name is
prob_early_onset_neonatal_sepsis_week_1. The value is unchanged.
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attached to the individual for the remainder of their life in the simulation contributing to

YLD.

Individual probability of LONS onset is applied to all neonates during weeks two, three and
four of the neonatal periods. Parameter prob_late_onset_neonatal_sepsis is the weekly
probability of LONS onset used in this model. As shown in Figure S30 risk of acquisition is
reduced for neonates who experienced early initiation of breastfeeding. As with EONS,

treatment for LONS is initiated via PNC.

3.2.4.2.1 Treatment

In keeping with global and Malawian clinical guidelines, any neonate displaying signs of
sepsis following delivery should receive comprehensive case management starting with the
delivery of parenteral antibiotics (66,357). The EHP defined within Malawi’s HSSP I
differentiates between ‘Newborn sepsis — full supportive care’ and ‘Newborn sepsis —
injectable antibiotics’ (60) and as such both full supportive care and injectable antibiotics

have been conceptualised as two distinct interventions in the model.

A definition of ‘full supportive care’ is not provided within the EHP and as such we have
chosen to adopt the definition provided by Zaidi et al (73). Their definition of ‘hospital-

based supportive care’ includes:

“Administration of intravenous antibiotics
o Wider choice of antibiotics including broad spectrum antibiotics
o Option of using frequent/higher dosage if needed to maintain high blood antibiotic
levels or coverage for meningitis
o Access to second-line antibiotic therapy for neonates with treatment failure on first
line antibiotics
Intravenous access and administration of intravenous fluids if needed
Oxygen supplementation if required
Access to appropriate diagnostic procedures, such as monitoring of pulse, blood pressure,

and oximetry reading, as well as monitoring/correction of hypoglycaemia if required”
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To align with this definition, it is assumed in the model that management of neonatal sepsis
varies according to the level of health facility in which care for sepsis is sought. If a neonate
receives PNC at a lower lower-level facility (i.e., a health centre) septic individuals may
receive treatment with parenteral antibiotics, treatment_effect_inj_abx_sep, but do not
receive full case management which is restricted to higher-level facilities. Alternatively,
those presenting at higher-level facilities may receive ‘full supportive care’ which is more
effective at reducing risk of death, treatment_effect_sup_care_sep as shown in Table S58.

Treatment does not vary between EONS or LONS cases.
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3.2.3.3 Data sources and parameters

clean birth practices on neonatal risk of
developing EONS during the neonatal
period

Parameter Name Description Value Source and/or relevant calculation
prob_early_onset_neonatal_sepsis_day_0 The probability that a neonate will 0.02/ | Due to limited data on neonatal sepsis rates in Malawi the
develop EONS immediately after delivery. 0.017 | assumed incidence was sourced from a systematic review and
meta-analysis of studies estimating incidence by Fleischmann
The parameters below starting with et al. (354).The authors estimate a total incidence of neonatal
“rr_eons” refer to the effect on the sepsis in LMICs of 3930 (95% Cl 1937 to 7812) per 100,000 live
probability of EONS births. From that study the authors report that approximately
75% of total neonatal sepsis cases are early onset whilst the
remaining are late onset. As such, a rate of 29.48 EONS cases
per 1000 live births and 9.82 LONS cases per 1000 live births is
assumed.
rr_eons_maternal_chorio The effect of a neonate’s mother having 6.6 Sourced directly from Chan et al. (348) who estimate the effect
experienced sepsis secondary to of maternal infection or colonisation on risk of early onset
chorioamnionitis neonatal sepsis via a global systematic review and metanalysis
of 83 studies.
rr_eons_maternal_prom The effect of a neonate’s mother having 4.9 See rr_eons_maternal_chorio.
experienced PROM
rr_eons_preterm_neonate The effect of a neonate being preterm 3.36 Sourced directly from Belachew et al (349) who estimate the
effect of prematurity on risk of neonatal sepsis via a systematic
review of 8 studies conducted in Ethiopia.
treatment_effect_clean_birth The effect of a neonate’s mother receiving 0.73 Sourced directly from Blencowe et al. (61) in which the authors

estimate the effect of clean birth and postnatal care practices
on neonatal deaths from sepsis and tetanus via Delphi method.
For the purposes of the model, the same effect on reducing the
risk of sepsis is assumed.
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treatment_effect_early_init_bf The effect of early initiation of 0.55 Sourced directly from Debes et al. (359) who estimate the
breastfeeding on neonatal risk of effect of early initiation of breastfeeding on the risk of neonatal
developing sepsis during the neonatal mortality secondary to sepsis via meta-analysis of
. observational studies. As the mechanism of action through
period ] . . . o
which breastfeeding reduces infection mortality is through
reduction in incidence of infection (365,366) this treatment
effect is applied to risk of sepsis acquisition.
treatment_effect_abx_prom The effect of a neonate’s mother receiving 0.67 Sourced direct from Kenyon et al. (59) who reports the effect
antibiotic prophylaxis following PROM on of antibiotic treatment for PROM on risk of neonatal infection
neonatal risk of developing EONS during as derived from a Cochrane review of relevant RCTs as RR 0.67
the neonatal period (95% Cl 0.52 to 0.85).
prob_early_onset_neonatal_sepsis_week_1 | The probability that a neonate will 0.02/ | See prob_early_onset_neonatal_sepsis_day_0.
develop EONS during the first week of life 0.017
treatment_effect_inj_abx_sep The effect of injectable antibiotic 0.35 Sourced directly from Zaidi et al. (73) who estimate the effect
treatment on the risk of neonatal death of antibiotic treatment on neonatal sepsis mortality for the LiST
due to sepsis using a Delphi survey of relevant experts. They report the
intervention is 65% effective in reducing deaths.
treatment_effect_supp_care_sep The effect of full supportive care on the 0.2 See treatment_effect_supp_care_sep. Zaidi et al. (73) report
risk of neonatal death due to sepsis the intervention is 80% effective in reducing deaths.
cfr_early_onset_neonatal_sepsis The probability that a neonate will die 0.064 / | See cfr_respiratory_distress_syndrome in Table S54.
following EONS without treatment 0.056
prob_late_onset_neonatal_sepsis The probability that a neonate will 0.0045 | See prob_early_onset_neonatal_sepsis_day_0.
experience LONS per week of the neonatal /
period 0.0038
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cfr_late_neonatal_sepsis The probability that a neonate will die 0.064 / | See cfr_respiratory_distress_syndrome in Table S54.
following LONS without treatment 0.056

* Where two values (or sets of values) are provided the first set is applied from 2010-2014 and the second set from 2015 onwards for a given simulation run (§1.2.1.1)

Table S58 — Parameters of the neonatal sepsis model
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3.2.4 Congenital birth anomalies

3.2.4.1 Condition overview

Congenital birth anomalies (CBA) can be defined as “structural or functional abnormalities,
including metabolic disorders, which are present at birth” (362). CBA represent a varied
group of conditions which, by definition, are prenatal in origin and are most-often
associated with single-gene defects and chromosomal disorders (362—-364). In addition,
environmental factors can drive onset of CBA including maternal exposure to environmental
teratogens (e.g., certain recreational drugs) or significant malnutrition leading to
micronutrient deficiency (362-365). Importantly, in most observed cases, it is not possible
to identify a clear aetiology (363,364). For the purposes of surveillance, CBA are often
categorised by the primary organ, organ system or structure which is predominantly
affected by the condition. Within the GBD study this leads to ten distinct groupings’ with
the three most commonly occurring CBA groupings globally in 2019 being congenital heart
anomalies, congenital limb or musculoskeletal anomalies and urogenital congenital

anomalies (366).

CBA are associated with significant morbidity and mortality in children globally. Children
with CBA are found to be at greater risk of mortality at all ages during childhood when
compared to children without CBA and are significantly more likely to experience death
related to circulatory, respiratory, or digestive causes (367). Within Europe as much as 17-
42% of all infant mortality can be attributed to CBA, leading to an average rate of infant
mortality due to CBA of 1.1 per 1000 births (368), with global estimates of child mortality by
cause suggesting CBA remains a leading contributor to neonatal and childhood death (369).
In addition to risk of mortality, child disability is associated with CBA (370), especially in

settings where access to surgical care is limited (371,372).

Within SSA the prevalence of congenital birth anomalies has been estimated in a systematic
review of studies within the region leading to a pooled prevalence of 20.40 (95% Cl: 17.04,

23.77) cases per 1,000 births (373). The authors reported inter-regional variation, with the

7 Congenital heart anomalies, Congenital musculoskeletal and limb anomalies, Urogenital congenital
anomalies, Other chromosomal abnormalities, Digestive congenital anomalies, Neural tube defects, Orofacial
clefts, Down syndrome, Turner syndrome, Klinefelter syndrome
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highest prevalence detected in southern Africa where 43 (95% Cl: 14.89, 71.10) cases of CBA
were present per 1000 live births (373). The authors propose that variation could be due to
variation in exposure of mothers to environmental teratogens (373) but could also be
associated with variation in quality of care with more pregnancies continuing to live births in
some settings leading to a greater number of live born infants with birth anomalies. As
discussed further in Table S59, the rate of CBA in the model is sourced from Adane et al.
(373) due to a lack of publicly available population-level estimates of CBA prevalence in

Malawi®.

3.2.4.2 Model
Figure S32 provides an overview of the model of congenital birth anomalies used within this

module whilst Table S59 contains the model parameters.

8 Birth-defect surveillance in Malawi is currently being undertaken by The International Training and Education
Center for Health (I-TECH) at several high-volume birth sites across the country (374). However, data is not yet
publicly available. Future iterations of the model could incorporate this data to improve accuracy of estimates.
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Figure $32- Model of congenital birth anomalies
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As shown in Figure S32 five ‘types’ or ‘groupings’ of CBA are modelled which have been
adapted from the GBD study categorisation. We opted to include the top four highest
incidence CBA groupings for Malawi as reported in the GBD study and grouped all remaining

types of CBA as ‘other’.

It is assumed that any neonate who survives until birth has a risk of being born with a
congenital anomaly and that non-survivable anomalies are implicitly modelled in rates of
spontaneous abortion and stillbirth. Risk of CBA is therefore applied on birth with via the
parameters described in Table S59. To allow for co-existence of multiple congenital

anomalies in the same individual risk is applied sequentially.

CBA-specific case fatality parameters have been calculated from the estimated number of
deaths attributed to each anomaly and the number of cases within the GBD (Table S59). Risk
of death is applied after birth and for individuals in which the primary cause of death is a
congenital anomaly the function enacting death in the simulation is scheduled to occur
randomly within an age range selected for the individual based on the distribution of deaths
by age. These age groups taken from the GBD study include early neonatal (days 0-6), late
neonatal (days 6-28), post neonatal (day 29- 1 years), 1-4 years, 5-9 years, 10-14 years, and
15-69 years.

Whilst mortality is captured, any disability associated with these conditions are not included
in this version of the MPHM. This is largely due to the complexity in accurately portraying
the associated disability attributable to this very diverse range of conditions. Therefore, it
was deemed this was outside the scope and focus of this current work and should be
notified as a limitation that will be rectified in future versions. Similarly, treatment for any of

the CBA groupings is not modelled and will be included in future iterations.
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3.2.4.3 Data sources

congenital heart anomaly will die due to their
condition during their lifetime

Parameter Name Description Value* Source and/or relevant calculation
prob_congenital_heart_anomaly The probability that a neonate has been born 0.009 The total rate of CBA for the model was sourced from
with a congenital heart anomaly Adane et al (373) as 20.40 per 1,000 births (95% Cl: 17.04,
23.77). The specific rate for each CBA grouping was
calculated from the total rate by multiplying this rate by the
proportion of total CBA cases due to each of the five
groupings using the GBD estimates of CBA in Malawi (1).
prob_limb_musc_skeletal_anomaly The probability that a neonate has been born 0.008 See prob_congenital_heart_anomaly.
with a congenital limb or musculoskeletal
anomaly
prob_urogenital_anomaly The probability that a neonate has been born 0.003 See prob_congenital_heart_anomaly.
with a congenital urogenital anomaly
prob_digestive_anomaly The probability that a neonate has been born 0.0007 See prob_congenital_heart_anomaly.
with a congenital digestive tract anomaly
prob_other_anomaly The probability that a neonate has been born 0.0004 See prob_congenital_heart_anomaly.
with a congenital anomaly other than those
already defined in the model
cfr_congenital_heart_anomaly The probability that an individual with a 0.062 Lifetime probability of death for each of the CBA cases was

calculated by dividing the total deaths due to each of the
CBA grouping by the total cases of each CBA in Malawi
using data from the 2019 GBD study (1).
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cfr_limb_or_musculoskeletal_anomaly | The probability that a neonate with a 0.0069 See cfr_congenital_heart_anomaly
congenital limb or musculoskeletal anomaly
will die due to their condition
cfr_urogenital_anomaly The probability that a neonate with a 0.0085 See cfr_congenital_heart_anomaly
congenital urogenital anomaly will die due to
their condition
cfr_digestive_anomaly The probability that a neonate with a 0.2829 See cfr_congenital_heart_anomaly
congenital digestive tract anomaly will die
due to their condition
cfr_other_anomaly The probability that a neonate with a 0.131 See cfr_congenital_heart_anomaly
congenital anomaly other than those already
defined in the model will die due to their
condition
prob_cba_death_by_age_group The probabilities that a neonate who will die [0.27,0.08, | These values were calculated using the GBD study data
due to their congenital anomaly will die 0.38,0.2, which reports both incidence and deaths due to CBA in
within the early neonatal period (day 0-6), the | 0.02,0.01, | Malawi (1). For simplicity the total deaths due to CBA (not
late neonatal period (day 7-28), post neonatal 0.04] by type) were broken down by age group allowing for the
(day 29- 1 years), years 1-4, years 5-9, years calculation of the proportion of total deaths by cause for
10-14 or years 15-69 / each of the groupings outlined in the description.
[0.3,0.09, | Alimitation of this approach Is that other causes may lead
0.35,0.18, | to an individual’s death in the model before their scheduled
0.03,0.02, | death due to CBA meaning the probabilities will not exactly
0.03] lead to the correct distribution. This was deemed

appropriate for the current model iteration.

Table S59 — Parameters of the congenital birth anomaly model
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4 — Model Verification and Validation

This section outlines the methods that have been undertaken to ensure the validity of the
estimates produced by the MPHM through the processes of verification and validation.
Model verification is defined here as the process of “ensuring that the computer program of
the computerized model and its implementation are correct” (375) whilst model validation
process is complementary to but distinct from verification and can be defined as
“substantiation that a model within its domain of applicability possesses a satisfactory range

of accuracy consistent with the intended application of the model” (375).

4.1 Verification Methods

The process of code verification, from a software development perspective, can be
undertaken via static and dynamic testing methods. Static methods entail the visual
evaluation of code and code debugging without running the program itself, while dynamic
testing methods involve the execution of the code (376). Both static and dynamic testing
processes were conducted in parallel to the development of the model code with the

dynamic methods discussed below.

Unit and integration testing

To verify the code that was written for each file constituting the MPHM, both unit and
integration testing was undertaken during the development process. Within software
development, unit testing is the process by which developers build “tests of individual
programs or modules in order to ensure that there are no analysis or programming errors”
(376). To achieve this, unique Python test files were developed for each of the associated
Python scripts which constitute the MPHM. These test files verify the implementation of the
code base using Python’s inbuilt Pytest framework, a Python framework with features

enabling the development of various types of verification testing (377).

In principle, each test file houses a series of functions which test the assumed logic of some
subset of the code, usually an isolated function or event class. Within a given test this
involves replication of simulation logic with varied parameter values to ensure agent

behaviour occurs as expected. In this way the most important logic within a module can be

280



isolated and tested under a series of parameter assumptions, e.g., that varying treatment
effectiveness parameters affects probability of survival. Commonly this involves ‘boundary
testing’ in which parameters are replaced by either their minimum or maximum value and
the behaviour of the model is evaluated to ensure the code logic brings about expected

outcomes.

In addition, but not discussed here, similar test files exist for all implemented modules (or
other key classes) within the TLO framework which are all executed whenever additional
changes are merged into the model itself. This approach to verification is limited in that
every possible permutation cannot be tested for, however focused testing on the core
functions of the modules should increase confidence that the implementation of the code

leads to the expected outcomes.

In addition to unit testing, integration testing, which involves ‘progressive linking and testing
of programs or modules in order to ensure their proper functioning in the complete system’
(376) was regularly conducted. At the most basic level this entails running a simulation in
which all currently developed modules are registered for several years and asserting that no
error codes have been logged during the simulation run. Testing, and other aspects of code
base verification was supported by authors who are research software development experts

based at UCL to ensure quality and consistency with TLO model conventions.

In-built error messaging

To support the process of unit testing, a system of error-logging where module level error
codes are logged if predetermined conditions are met that signified agent, or model,
behaviour had deviated from the expected logical function of the model itself was
implemented. For example, a series of conditional statements are used to evaluate the
variables of all individuals who have moved to the event which signifies the beginning of a
pregnant individual’s labour and an error code is logged and detected by the test file if any

of the conditions are not met (e.g. the individual is not currently pregnant).
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4.2 Validation Methods

4.2.1 Face validation

Collaboration between modellers and other subject matter experts to improve the validity
of model is a practice utilised in many disciplines including healthcare modelling (378). Face
validation is defined as the process in which individuals with expert domain knowledge
related to the system of interest are asked to determine if the model and/or its behaviour
are reasonable given their expertise (375). Important structural areas of the model which
should be reviewed include the overall level of detail, model logic and representation of any
relationships, data sources and outcomes (378). Kligl (379) suggests that the process of face
validation demonstrates that both model behaviours and outcomes are reasonable as they
relate to the “theoretic basis and implicit knowledge” of the subject matter experts. They
contrast this with empirical validity (e.g. calibration) in which outputs from the model are
compared, sometimes statistically, to data from the reference system (379) as discussed

below.

4.2.1.1 Approach taken for this model

Face validation of the MPHM was largely undertaken alongside the processes of model
development. Subject matter experts were those deemed to have significant clinical
experience relative to the setting of Malawi, the health area of interest (i.e., clinical
obstetrics or neonatology) or both and were identified either from their direct association
with the wider TLO project or through the networks of other project members. Across the
project length a total of five clinicians assisted with this process include two obstetricians,
two neonatologists and an infectious disease specialist practising across the UK, Malawi, and
Uganda. It was deemed most appropriate to gain clinical expert review prior to or alongside
development of the computational framework in Python meaning that suggested changes

could be incorporated in real time.

Experts were all provided with module documentation, similar in structure and content to
sections 1-3 in this document. Documentation included a descriptive overview, model
variables and parameters, diagrammatic representation of the model and sub-models

(including all modelled diseases) and any key assumptions for review. The experts who
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assisted with this process include the authors HA, AR, CT, and KK. In addition, the MPHM
model was presented to stakeholders within the Malawian MoH on 11/09/2020 and
02/10/2020 to elicit feedback from those within the Ministry who will be utilising the model
over the coming years. Model structure, data sources and key assumptions were presented
and further validated by attendees including the Head of the Reproductive Health

Directorate, author FK.

4.2.2 Model calibration methods

4.2.2.1 Common approaches to calibrating IBMs

Calibration, or operational validation (375), is a central part of the model validation process
in which the model is fit to data to improve confidence in the model’s predictions (378,380).
The process of model calibration involves comparing results generated by the model with
outcome distributions that have been estimated by an alternative analytical method and
may be observational or experimental (381). Calibration of IBMs is often achieved through a
number of processes, including the selection of summary statistics from the empirical data
to calibrate to (i.e., targets), a parameter search strategy which explores the parameter
space, utilisation of a measure of goodness-of-fit (GOF) to quantify model fit to calibration
targets and definition of explicit acceptance criteria and stopping rules to signify when
calibration is complete (378,380). McCulloch et al. (382) further categorises the calibration
of IBMs as either point estimation or ‘categorical or distributional estimation’. Point
estimation calibration, the method used here, involves identifying a single set of parameter
values which produces the best calibration to target data (382). Using this approach,
variation in model output across runs is due to the stochastic variation introduced using
random number generators as opposed to parametric uncertainty. Alternatively,
categorical, or distributional calibration assigns probabilities to multiple parameter sets over

a range of possible values (382).

In the next section the calibration procedures undertaken for the MPHM including how
calibration targets were identified and the rationale for these choices, the approach to
parameter searches and assessment of GOF are presented. Following this, output graphs

demonstrating the model’s calibration to targets are shown.
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4.2.2.2 Maternal and perinatal health model calibration

4.2.2.2.1 Selection of empirical calibration targets

The selection of calibration targets from available sources was undertaken to ensure that
the model would be able to reliably evaluate the effect of maternity services on a breadth of
key outcomes. As such the primary calibration ‘areas of focus’ included maternal and
perinatal mortality and morbidity and health service coverage. In line with the wider TLO
framework, the MPHM was calibrated to data from 2010 to 2022. During evaluation of data
sources available for each outcome it was evident that there was a paucity of reliable time-
series data for many modelled outcomes. One of the key potential sources of data for the
model in Malawi was the District Health Information System (DHIS2) which is the primary
health information management system in Malawi (383). The DHIS2 captures a substantial
amount of data relating to maternal and perinatal health outcomes and service use,
however there are significant issues with data-completeness and incomplete reporting
across several regions within the country (60,383) meaning that at the time of model

development this data was not appropriate to use for calibration.

Because of the lack of reliable time series data in the DHIS2, and following review of the
available nationally representative data available in Malawi, it was deemed appropriate to
calibrate the model to data sourced from two years within the 2010-2022 burn in period.
These years, 2010 and 2015, were largely selected because they are the data collection
years of the two most recent Demographic and Health Surveys and Emergency Obstetric
and Newborn Care needs assessment surveys in Malawi — see Table S60. These four surveys
are nationally representative population and health system surveys containing a wealth of
information for calibration of the model and were deemed the most appropriate calibration
data for most of the model. To achieve calibration to the data in 2010 and 2015, within the
burn in period, two parameter sets were used with the first applied from 2010-2014 and the

second applied from 2015 onwards.
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Calibration outcome
Definition

Data sources

Data source
study design

Notes on methodology

Direct MMR
Number of direct maternal deaths per
100,000 live births per year

The Malawian DHS Surveys
for 2010 and 2015 (11,12)

Population
survey

The DHS is a population survey conducted in Malawi which collects a range
of sociodemographic and health data including data related to maternal and
newborn health and healthcare use in the region. The methodology of these
surveys allows for presentation of key indicators for the country, for urban
and rural populations and for each of Malawi’s 28 districts.

The 2010 and 2015 DHS employ a multi-stage stratified design utilising the
sampling frame for the 2008 Malawian census. Districts were stratified into
urban and rural areas leading to 56 sampling strata from which standard
enumeration areas (SEAs), geographic areas containing an average of 235
households, were independently selected in a two-stage process leading to
selection of households for survey administration. Due to the population-
level sampling approach these surveys were selected for model calibration
as other estimates of maternal death in Malawi are generated via modelling
as opposed to direct measurement (1,384).

The number of maternal deaths In the seven years prior to the survey Is
captured via the ‘sisterhood method’. Female respondents provide a list of
siblings, identifying if any are alive at the time of the survey, along with
current age. For any sisters who have died at age 12 or older, questions are
administered to determine if the death was maternal. Deaths from
accidental causes and violence were excluded.

Maternal DALYs due to ‘Maternal
Disorders’t

Number of DALYs per year which are
solely attributable to ‘Maternal
Disorders’ according to GBD criteria.

The Global Burden of
Disease Study (2019) (1)

Modelled
estimate

The GBD study group produces modelled annual estimates for the number
of DALYs attributable to “causes” within their framework for each country.
The estimation process within the GBD utilises any available relevant
country data sources which are processed and modelled using a set of three

285




standardised tools: Cause of Death Ensemble model (CODEm),
spatiotemporal Gaussian process regression (ST-GPR), and DisMod-MR (1).

The constituent components of DALYs, YLD and Years of Life Lost (YLL) are
estimated for each cause. YLL due to premature mortality are calculated by
first determining the lowest observed age-specific mortality rates by
location to establish a minimum risk reference life table. YLL is then
calculated by multiplying the number of estimated deaths from a given
cause by standard life expectancy at age of death (1). YLDs for a given health
outcome within a population are computed by multiplying those with that
condition by a disability weight which represents health loss associated with
that outcome.

Maternal deaths due to PPH

Malawi 2010 EmONC Needs

National survey

The 2010 and 2014 EmONC needs assessments were national facility-based

Proportion of maternal deaths per year | assessment and of facilities cross-sectional surveys which evaluated the provision of emergency

due solely to PPH Malawi Emergency obstetric care in Malawi. The 2010 survey was administered at all hospitals
Obstetric and Newborn Care and 50% of health centres which conducted deliveries. Health centres were

Maternal deaths due to sepsis Needs Assessment (2014) selected randomly from a list of facilities providing relevant services

Proportion of maternal deaths per year | (33,34) provided by the MoH to ensure appropriate representation across districts.

due solely to maternal sepsis The 2014 survey was also administered in all hospitals, but the sample of

health centres was increased to 60% of those operating in Malawi. Due to

Maternal deaths due to severe pre- the representativeness of these surveys they were selected for calibration.

eclampsia/eclampsia

Proportion of maternal deaths per year Facility-based maternal deaths are recorded during a period of observation

due solely to maternal severe pre- during survey conduct. Both surveys report the percentage of direct deaths

eclampsia/eclampsia attributable to leading causes of maternal death in the sample.

Total stillbirth rate The UN Inter-agency Group | Modelled The UN IGME estimates of stillbirth in Malawi are model based. First, all

Number of stillbirths occurring per for Child Mortality estimate relevant data sources which may record stillbirths from the country are

1000 births per year

Estimation (UN IGME)

compiled (i.e., registration systems, population surveys etc) alongside data
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Antenatal stillbirth rate

Number of stillbirths occurring prior to
the onset of labour per 1000 births per
year

Intrapartum stillbirth rate
Number of stillbirths occurring
following the onset of labour per 1000

stillbirth rate estimates for
Malawi (299)

describing factors related to stillbirth. These factors are used as covariates
in the stillbirth prediction model.

A Bayesian hierarchical temporal sparse regression model (BHTSRM) Is used
to both estimate SBR and address data challenges. This method combines
the identified covariates with a process of temporal smoothing, leading to
stillbirth estimates which are data driven for country-periods where data
are available and derived from covariates for country-periods for which data
is unavailable (385).

births per year

NMR The Malawian DHS Surveys Population See Direct MMR. Neonatal deaths are captured through respective birth
Number of neonatal deaths per 1000 (11,12) survey history provided by sampled mothers who list all children they have borne,
live births per year death of these births, survivorship status, age, or age at death.

Neonatal DALYs due to ‘Neonatal The Global Burden of Modelled See Maternal DALYs due to ‘Maternal Disorders’

Disorders’ Disease Study (2019) (1) estimate

Number of DALYs per year which are

solely attributable to ‘Neonatal

Disorders’ according to GBD criteria.

Neonatal deaths due to prematurity Cause-specific neonatal Multi-district Fottrell et al. (331) conducted a prospective study within two surveillance
Proportion of neonatal deaths per year | mortality: analysis of 3772 study sites in Malawi which were previously established as part of a Randomised
due solely to complications associated | Neonatal deaths in Nepal, Control Trial (RCT) evaluating community mobilisation and women’s groups.
with prematurity. Bangladesh, Malawi and / The MaiMwana trial was based in a rural setting in Mchinji district and the

India (331)

MaiKhanda trial covered three districts in the central region of the country —
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Neonatal deaths due to sepsis
Proportion of neonatal deaths per year
due solely to early onset sepsis

Neonatal deaths due to intrapartum
related events

Proportion of neonatal deaths per year
due solely to intrapartum related
events — previously ‘birth asphyxia’

Malawi Emergency
Obstetric and Newborn Care
Needs Assessment (2014)
(33)

(Model outputs were
compared to both estimates
of cause specific mortality
for neonates)

National survey
of facilities

Kasungu, Lilongwe and Salima. Data for MaiMwana was collected between
June 2004 and January 2011 and data for MaiKhanda between June 2007
and December 2010. The number of neonatal deaths was captured for each
survey surveillance site with cause of death ascertained via Verbal Autopsy.
Cause specific neonatal mortality fractions were calculated for relevant ICD
classifications including prematurity, neonatal sepsis, and birth asphyxia.

For the EmMONC needs assessments see Maternal deaths due to PPH for
notes on survey methodology. Within the 2015 EmONC needs assessments,
408 neonatal deaths for 174 facilities over a 12-month observation period
were reviewed. Cause of death was reported for these deaths as a crude
number and as proportion of total neonatal deaths observed.

Proportion of women attending any
ANC

Proportion of women who have had a
delivery that year that have attended
at least one or more ANC visit during
pregnancy.

Proportion of women attending four
or more ANC visits

Proportion of women who have had a
delivery that year that have attended
at least four or more ANC visits during
pregnancy.

Gestational age at first ANC visit
The proportion of total ANC1 visits by
maternal GA at the time of visit.

The Malawian DHS Surveys
(11,12)

Population
survey

See Direct MMR for a description of general methods and sampling of the
Malawian DHS.

288




Total ANC visits

The total number of visits undertaken
by women who delivered and attended
any ANC visits per year.

Proportion of births occurring in a
health facility

Proportion of total deliveries per year
which occur in a health facility (any
level)

Proportion of births occurring in a
hospital

Proportion of total deliveries per year
which occur in a hospital.

Proportion of births occurring in a
health centre

Proportion of total deliveries per year
which occur in a health centre.

Proportion of births occurring at
home

Proportion of total deliveries per year
which occur in the home of the
mother.

Caesarean delivery rate
Proportion of total deliveries per year
which occur via CS.
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Proportion of women attending PNC
Proportion of women who have had a
delivery that year who receive any
postnatal care.

Proportion of neonates receiving PNC
Proportion of neonates born that year
who receive any postnatal care.

Table S60- Outcomes and the data sources used to calibrate the MPHM
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4.2.2.2.2 Parameter search strategy and calibration using visual GOF

Algorithmic parameter search strategies were not used within the calibration of this model.
Because of the breadth of the primary research question and ensuing complexity of the
model it was deemed necessary to ensure the model was calibrated to a significant number
of outcomes (Table S60). As such, there were a considerable number of parameters that
have influential effect on the overall rate of these outcomes within the model including
complication incidence, care seeking, quality parameters and treatment effectiveness.
Algorithmic exploration of the parameter space for so many key parameters meant that

algorithmic methods would likely not have been appropriate calibration of the MPHM.

It was deemed most appropriate and practical to hand-manipulate relevant parameters and
assess GOF visually by plotting model outcomes against calibration target data points as
discussed below. Across the MPHM there are a total of 452° parameter values. Once the
model was conceptualised and parameters in the model were identified, the literature was
searched for data sources to inform the values from Malawi. Currently, uncertainty around
parameter estimates is not incorporated into the model. This means that as opposed to any
parameters being drawn from a probability distribution within a given model run, instead

the same fixed parameter set of point estimates is used for each model run.

Broadly, parameters in the model are either taken directly from a relevant data source and
inputted into the model (e.g. the effect of treatment on the risk of a given outcome such as
the parameter treatment_effect_iron_folic_acid_anaemia in Table S41) or have been
derived through calibration to one of the data sources presented in Table S60. For example,
parameter cfr_pp_pph, which represents the probability of death associated with
postpartum haemorrhage in the absence of treatment, is derived from calibration of the
model to the percentage of total maternal deaths due to PPH given the availability of

treatment.

The calibration outcomes of Interest were ordered according to the logical relationship

between outcomes. For example, outcomes related to coverage of health services would

% This does include parameters which share the same function but are housed within different python files
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require initial calibration as the delivery of interventions within these services would have a
direct effect on complication incidence, outcome and in turn mortality. Following this, the
incidence of all death and disability-causing complications would need to be calibrated in
the model and finally the mortality and DALY outcomes. Practically, this entailed running the
model on a population of at least 50,000 individuals and generating plots of the outcome
per year during this period with GOF to target datapoints assessed visually. Where there
was a direct relationship between the parameter and an outcome of interest, parameter
values were manually adjusted by multiplying the value by the quotient of the module

output and the calibration target following which the model was rerun to check the fit.

Otherwise, where the relationship between a key parameter and an outcome was less direct
(e.g. cause-specific case fatality parameters and total mortality) a potential pathway from

the parameter to the outcome was constructed using Microsoft excel.

4.2.3 Additional model calibration results

In the following sections, plots are presented which further demonstrate the model’s
calibration to the outcomes listed in Table S60. Calibration plots have been generated from
a model run with a population of 250,000 individuals simulated from 2010 to 2030 for 20
runs with each run having a different fixed seed. Where model data is presented as a line
graph over time, the blue line is the mean value across these runs for the outcome of
interest, whilst the shaded area represents the 95% confidence intervals (95% Cl)

guantifying the stochastic variation across the 20 runs.
Figure 1 within the accompanying manuscript shows the calibration plots for the total MMR,

direct maternal deaths by cause, NMR, neonatal deaths by cause and SBR. Additional plots

are presented here
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4.2.3.1 Maternal mortality and DALYs

4.2.3.1.1 Direct maternal mortality ratio

Figure S33 shows the MMR driven by direct deaths only between 2010 and 2022 compared
to DHS calibration targets. Additional data presented within the figure allows for
comparison to other prominent estimates of maternal mortality in Malawi including the
GBD (1) and the WHO Maternal Mortality Estimation Interagency Group (386). Estimates
presented by both these groups are derived through varied advanced statistical modelling
utilising available data sources from Malawi. These data points have been adjusted to
approximate the MMR associated with direct causes of maternal death by reducing the
value taken from the DHS surveys by 30%, which is the percentage of observed maternal
deaths attributed to indirect causes in the most recent Malawi BEmMONC needs assessment

(33).
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Figure S33 — Model output of the direct MMR per year compared to calibration data
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4.2.3.1.2 Maternal DALYs
Figure S34 shows the number of DALYs due to ‘Maternal Disorders’ generated by the model

each year.

Total DALYs per Year Attributable to Maternal disorders
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Figure 534 — Model output of total DALYs attributable to ‘maternal disorders’ per year compared to
calibration data

Within this figure DALYs generated by the model are attributable to direct obstetric causes.
The GBD categorisation of ‘Maternal Disorders’ is inclusive of both DALYs due to direct
obstetric causes and DALYs generated by ‘indirect maternal deaths’ and ‘deaths aggravated
by HIV/AIDS’ which are not included in model outputs. DALYs outputted by the model in this
figure are stacked, meaning that all the life-years lost up to an individual’s predicted life
expectancy are ascribed to the year of death, which is the same approach used by GBD
study. The model fits well to GBD estimates of maternal DALYs per year from 2015 although
there is divergence between the estimates earlier in the calibration period. This is as
expected because maternal mortality in the model is calibrated to DHS datapoints which

report an overall much higher MMR in that time than the GBD estimates (Figure S33).
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4.2.3.2 Antepartum and intrapartum stillbirth

Figure S35 shows the yearly rate of antenatal and intrapartum stillbirths per 1000 births outputted by the model during the calibration period.

Antenatal Stillbirth Rate per Year Intrapartum Stillbirth Rate per Year
“ —— Model (95% CI) “ —— Model (95% Cl)
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Figure S35 — Model output of antenatal and intrapartum SBR per year compared to calibration data
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Disaggregation of SBR by these time periods is common practice in perinatal epidemiology
due to variation in the aetiology of pregnancy loss prior to or during labour and delivery
(296, 297). Therefore, it was deemed important to ensure that the burden of stillbirth in the
model was accurately spread across the intrapartum and antenatal time periods as
reflective of Malawi. It was assumed that approximately half (49%) of stillbirths would occur
antenatally and the remainder during delivery in keeping with estimates for SSA (281). The
UN IGCME data was selected for calibration as these estimates incorporate several historic
population level estimates of stillbirth rates within Malawi into their estimation model as

discussed in Table S60.

4.2.3.3 Neonatal Mortality and DALYs
Figure 1 within the accompanying manuscript shows the calibration plots for the total NMR

and neonatal deaths by leading cause.
4.2.3.3.1 Neonatal DALYs

Figure S36 shows the number of DALYs attributable to ‘Neonatal Disorders’ per year

between 2010 and 2022.
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Figure 536 — Model output of total DALYs attributable to ‘neonatal disorders’ per year compared to
calibration data

Similarly to maternal DALYs, the number of DALYs generated per year for the relevant
conditions are stacked. Figure S36 shows convergence between model output and GBD
values over time with overlapping confidence and uncertainty intervals towards the end of
the calibration period. Observed difference between GBD estimates and model outputs is
due to fewer YLL and YLD generated by the model. There is divergence between the number
of deaths generated by the model attributed to ‘Neonatal Disorders’ and those estimated by
the GBD meaning fewer YLL associated with neonatal disorders are being generated (this is
evident from Figure 3 in the main paper). This is likely due to the additional ‘Neonatal
Disorders’ conditions which are not modelled in the MPHM. Additionally, as shown in Figure
S37 the model appears to generate fewer YLD per year than the GBD estimates. This could
also be attributed to unmodelled conditions and additionally that incidence of neonatal
conditions in the MPHM do not necessarily match estimates in the GBD which may predict

high rates of morbidity driving conditions in this period.
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Figure 537 -Model output of the Years Lived with Disability generated by ‘Neonatal Disorders’ per
year compared to calibration data

4.2.3.4 Antenatal care coverage

Figure S38 shows the percentage of women who gave birth in 2010 and 2015 who received
one or more antenatal care visits during their last pregnancy and Figure S39 shows the
percentage of women who attended four or more visits during their last pregnancy. As
outlined in Table S60, the model has been calibrated to estimates from the most recent DHS
which report that whilst coverage of at least one visit has historically been high in Malawi
significantly less women receive four or more visits during pregnancy (ANC4+). Ensuring the
model outputs the correct coverage of ANC4+ within the population was deemed crucial
due to the importance of ANC4+ coverage as an indicator of effective maternal health
services. The continued importance of ANC4+ in contemporary global maternal health

strategies informed the decision to model improvements to ANC4+ coverage.
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Figure S38 — Model output of the percentage of women who gave birth in the last year and received
any ANC during pregnancy compared to calibration data
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Figure S39 — Model output of the percentage of women who gave birth in the last year who attended
at least four ANC visits during their pregnancy compared to calibration data

Gestational age at first ANC contact

Alongside ensuring the model replicates ANC coverage it was deemed important to calibrate
the model to data reporting the gestational age (GA) at which women attend their first ANC
contact as seen in Figure S40. WHO and Malawian ANC guidelines recommend ANC is
initiated early within pregnancy with the first visit at twelve weeks GA. As with ANC
coverage, the DHS also reports timing of ANC initiation and as you can see within the figure
the model is calibrated well to this data and demonstrates the shift towards earlier initiation

of attendance between the two surveys.
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Figure S40*° — Model output of the gestational age at first ANC visit compared to calibration data

Total visits per pregnancy

Alongside calibration of coverage and timing of initiation, the model was calibrated to the
average total number of visits per woman undertaking one or more contacts at birth. As
shown in Figure S44, as with the other ANC calibration targets, the model fits well to data

from the DHS.

10 Model data from 2016 is shown as opposed to 2015 as some women in 2015 will have been scheduled their
first ANC appointment in 2015 prior to the parameters updating to reflect changes observed in the DHS data.
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Number of ANC Contacts Attended by Women Attending at Least One Contact (2010 & 2015)
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Figure S41 — Model output of the total number of ANC contact attended by women as a percentage
of the total women attending one or more contacts compared to calibration data

4.2.3.5 Intrapartum care coverage

Facility delivery rates

Figures S42 and S43 show the percentage of births which occur within health facilities in the
model in 2010 and 2015 and the percentage of total births by all delivery locations including
home. As with many of the other health-service coverage calibration outcomes, model
outcomes were calibrated to the DHS data sets due to their assumed reliability. The model
fits well to the data and demonstrates the reduction in homebirth during the calibration

period.
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Figure 542 — Model output of the percentage of total births which occur in a health facility compared
to calibration data

Percentage of total births (2010 & 2015) by location of delivery
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Figure S43- Model output of total births by delivery location compared to calibration data
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Caesarean section rate

Alongside ensuring the model accurately outputs the correct coverage of delivery setting,
the model was also calibrated to delivery mode. In Figure S44 the proportion of total births
delivered via CS is presented. Data points from the 2010 and 2015 EmONC surveys were
used for model calibration, with the model outputting a slightly lower rate of CS than
reported in these surveys. This could be due to an underestimation of the percentage of
women with complications requiring CS in the model or due to greater availability of

resources to conduct CS in Malawi than assumed in the model at present.
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Figure S44 — Model output of the proportion of total births which were delivered via caesarean
section compared to calibration data
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4.2.3.6 Postnatal care coverage

Finally, Figures S45 and S46!! show the coverage of both maternal and neonatal PNC
outputted by the model compared to data points from the DHS surveys. As described in §2,
PNC can be delivered immediately after birth or during the postnatal period, following care
seeking from women in the community and as such women or newborns may attend PNC
more than once. The coverage rates here refer to women and newborns who have received
any amount of PNC at any point before the end of the postnatal period or neonatal period

respectively.

s Model (95% CI)
mm DHS

100 Percentage of Women Receiving Any Postnatal Care Following Birth

Percentage of Total Births

2010 2015
Year

Figure S45- Model output of the percentage of women who gave birth that received any postnatal
care compared to calibration data

11 The 2010 DHS final report from Malawi does not report neonatal PNC coverage therefore model outputs are
compared only the 2015 survey as evident from the figure.
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Figure S46 — Model output of the percentage of neonates who received any postnatal care after birth
compared to calibration data

4.2.3.7 Complication incidence

Figures S47- S79 demonstrates the modelled rate/prevalence of each of the complications
included in the MPHM alongside a relevant calibration target sourced either from Malawi or
another relevant setting. The rationale for the rates and data used for these complications

in the model has been provided in the complication descriptions §3.

We present the plots as blue line graphs over time with calibration data points in green. The
shaded area around the model estimate represents the 95% CI. Where uncertainty around
calibration estimates was available it has been presented — otherwise it has not been

shown.

Plots start at 2011 so that they are stabilised after the first year of the simulation.
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Figure S47 — Percentage of all modelled pregnancies per year which end in live birth
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Figure S48 — Year rate of ectopic pregnancies within the model
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Figure 549 — Yearly rate of twin births within the model
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Figure S50 — Yearly rate of spontaneous abortion (miscarriage) within the model
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Figure S51 — Yearly rate of induced abortion within the model

When calibrated to the rate of abortion in Malawi estimated by Polis et al. (Table s40) the
model generated too many deaths attributable to ineduced abortion given the modelled
availablity of post abortion care. Therefore we opted to reduce the rate to an estimate

between the data points shown on the figure
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Figure S52 — Yearly rate of syphilis within the model
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Figure S53 — Yearly rate of gestational diabetes mellitus within the model
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Premature Rupture of Membranes (PROM) per 1000 Births
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Figure S54 — Yearly rate of premature rupture of membranes within the model
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Figure S55 — Yearly prevalence of maternal anaemia at birth within the model
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Whilst the DHS does report uncertaintly around the estimate for anaemia prevalence in
women of reproductive age, this is not presented for the estiamte of anaemia prevalence at

birth for pregnant women and is therefore not reported in Figure S55.
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Figure S56 — Yearly rate of mild gestational hypertension within the model
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Figure S57 — Yearly rate of severe gestational hypertension within the model
Mild Pre-eclampsia Cases per 1000 Births per Year
~— Model
50 95% ClI
& Noubiap et al
\
— e
40
[2]
L
E
Q
8 30
=
@
Q.
i)
€ 20
10
0
S M L A

Year

Figure S58 — Yearly rate of mild pre-eclampsia within the model
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Figure S59 — Yearly rate of severe pre-eclampsia within the model
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Figure S60 — Yearly rate of eclampsia within the model
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Figure S61 — Yearly rate of placenta praevia within the model
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Figure S62 — Yearly rate of placental abruption within the model
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Figure S63 — Yearly rate of antepartum and intrapartum haemorrhage within the model
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Figure S64 — Yearly rate of preterm birth within the model
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The increase in rate of preterm birth after 2015 evident in Figure S64 is likely associated

with increased prevelance of anaemia (a predictor of preterm birth) as shown above.
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Figure S65 — Yearly rate of post term birth within the model
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Figure S66 — Yearly rate of obstructed labour in the model

Change in the observed rate of obstructed labour cases between 2010 and 2015 EmONC
needs assessment surveys in Malawi could be due to many factors such as a change in the

distribution of predictive factors.
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Figure S67 — Yearly rate of uterine rupture within the model
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Figure S68 — Yearly rate of maternal sepsis within the model
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Figure S69 — Yearly rate of postpartum haemorrhage within the model

Similarly to obstructed labour, change in the observed rate of postpartum haemorrhage
cases between 2010 and 2015 in Malawi could be due to many factors such as a change in

the distribution of predictive factors.
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Figure S70 — Yearly rate of obstructed fistula within the model
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Figure S71 — Yearly rate of low birthweight births within the model
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The model generates a slightly greater number of lowbirth weight newborns than reported
within the DHS as shown in Figure S71. This is attributable to the distribution used to
determine birthweight which can be adjusted in future iterations of the model. Currently

lowbirth weight is not modelled to directly effect outcomes in the MPHM.
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Figure S72 — Yearly rate of small for gestational age births within the model

Alongside fewer low birthweight newborns the model also outputs fewer small for GA
newborns, this is also due to the distribution used for birthweight. Similarly to low birth

weight, small for GA does not directly effect any outcomes in the MPHM
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Figure S73 — Yearly rate of macrosomic births within the model
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Figure S74 — Yearly rate of neonatal sepsis within the model

323



Rate per 1000 births

Rate per 1000 preterm births

Cases of Neonatal Encephalopathy per 1000 Births per year

25
—  Model
95% Cl
& GBD 2015
20
\’/W
15
10
5
0
Ui ) B H o A > o N
P S S S S MR AR S T T U g
Year

Figure S75 — Yearly rate of neonatal encephalopathy within the model
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Figure S76 — Yearly rate of preterm respiratory distress syndrome
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Figure S77 — Yearly rate of all modelled respiratory complications within the model

Here the rate of all respiratory complications, including total cases of neonatal respiratory
depression, neonatal encephaloapthy and preterm respiratory distress syndrome, is shown
compared to an estimate of the total rate of call cause respiratory distress (thoses infants

requiring resuscitation).
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Total Cases of Congenital Birth Anomalies per 1000 Births Per Year
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Figure S78 — Yearly rate of congenital birth anomalies within the model
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Figure S79 — Percentage of total births delivered by assisted vaginal delivery per year within the
model
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5 — Additional analyses figures

Figures S80-S83 are additional figures presenting findings discussed within in the

accompanying manuscript.
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Figure S80 — Yearly MMR, SBR, NMR by scenario organised by scenarios relating to antenatal, intrapartum, and postnatal service delivery
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Figure S81 — Average rate or prevalence of selected complications during the intervention period within scenarios relating to delivery of antenatal services
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Figure S82 — Average rate or prevalence of selected complications during the intervention period within scenarios relating to delivery of intrapartum services
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Mean Prevalence of Anaemia Following Birth by Scenario (2023-2030)
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Figure S83 — Average prevalence of maternal anaemia at the end of the postnatal period within scenarios relating to delivery of postnatal services
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