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Abstract

Preeclampsia is a major contributor to maternal morbidity and mortality, especially in low-resource settings. Evidence
comparing preeclampsia risk and maternal outcomes between singleton and multiple pregnancies in Liberia remains
limited. This study examined preeclampsia risk and adverse maternal outcomes in singleton and multiple pregnancies
using a retrospective hospital records analytic dataset of 180 maternal records structured around the John F. Kennedy
Maternity Center (JFKMC), Monrovia, Liberia, for the period July 2024 to July 2025. Two Bayesian multivariate logistic
regression models were fitted. Model 1 assessed preeclampsia status using pregnancy type, age, parity, antenatal care
(ANC) attendance, history of preeclampsia, and chronic medical condition. Model 2 assessed adverse maternal outcomes
using pregnancy type, preeclampsia status, age, parity, ANC attendance, history of preeclampsia, and chronic medical
conditions. The results indicate that the frequency of adverse maternal outcomes in multiple pregnancies was higher than
that in singleton pregnancies. In Model 1, a history of preeclampsia was strongly associated with current preeclampsia,
whereas antenatal care was negatively associated. Multiple pregnancies were negatively associated with preeclampsia;
however, the result was clinically inconsistent. In Model 2, multiple pregnancies and increasing maternal age were
associated with increased odds of adverse maternal outcomes. Thus, this study provides stronger evidence for the
predictors of adverse maternal outcomes than for the predictors of the occurrence of preeclampsia. Improved clinical data
are required to provide more reliable risk stratification of mothers in Liberia.
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1. Introduction

Preeclampsia is a hypertensive disorder of pregnancy
that usually occurs after 20 weeks of gestation and can
involve maternal or placental dysfunction (Sanchez-
Romero et al., 2025). Globally, preeclampsia affects an
estimated 2%-8% of pregnancies, with a disproportionate
burden in low- and middle-income countries, where
delayed diagnosis, referral constraints, and limited access
to emergency obstetric care can worsen maternal and fetal
outcomes. In sub-Saharan Africa, hypertensive disorders
of pregnancy remain an important cause of severe
maternal complications and mortality (Odunvbun et al.,
2023).

Liberia continues to experience a high burden of
maternal mortality. The World Health Organization
Regional Office for Africa (2024) reported a maternal

mortality ratio of 742 deaths per 100,000 live births for
2019, citing the Liberia Demographic and Health Survey,
while the World Bank Gender Data Portal reported an
estimated ratio of 628 per 100,000 live births for 2023
(World Bank, n.d.). Although the estimates refer to
different reference periods and data sources, both indicate
a substantial maternal health burden and support the need
for better evidence on preventable obstetric risks in
referral maternity facilities.

The John F. Kennedy Maternity Center (JFKMC) is a
major referral facility for maternity care in Monrovia.
Odunvbun et al. (2023) reviewed hypertensive disorders
in pregnancy at JFKMC and reported that 32.0% of 50
maternal deaths during the study period were attributed to
hypertensive disorders, with a case fatality rate of 12.3%
among the reviewed hypertensive disorder cases. Their
institutional retrospective study described the burden,
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subtypes, and maternofetal outcomes of hypertensive
disorders in pregnancy. However, it did not specifically
compare singleton and multiple pregnancies using a
multivariate probability model for preeclampsia and
adverse maternal outcomes.

Pregnancy plurality is clinically relevant. Evidence
outside Liberia indicates that twin or multiple gestation is
associated with an increased risk of preeclampsia and
maternal complications. Sanchez-Romero et al. (2025)
reported maternal complications in 13.7% of preeclamptic
singleton pregnancies and 28.6% of preeclamptic twin
pregnancies, with maternal hemorrhage being more
frequent in twins. Zheng et al. (2025) also reported
adverse maternal outcomes among twin pregnancies
complicated by preeclampsia and identified clinical
predictors, including gestational age at admission,
multiparity, systolic blood pressure, creatinine, and
platelet-related markers. Whether similar patterns occur in
Liberia, particularly at the JFKMC, remains insufficiently
documented.

Most prediction studies in pregnancy care have used
conventional logistic regression, while more recent work
has evaluated machine-learning approaches alongside
regression models (Montgomery-Csoban et al., 2024;
Sufriyana et al., 2020; Zheng et al., 2022). These
approaches can provide useful predictive information;
however, they often depend on larger, information-rich
datasets, biomarkers, or standardized screening variables
that may not be routinely available in low-resource
referral facilities. In small or sparse datasets, frequentist
maximum-likelihood logistic regression can also produce
unstable coefficients, very large standard errors, or
separation when some predictor-outcome combinations
are rare. Weakly informative Bayesian priors can
regularize estimation and provide posterior credible
intervals, although they cannot correct poor data quality,
selection bias, or limited covariate variation.

These conditions create substantive and methodological
gaps. In Liberia, evidence directly comparing the risk of
preeclampsia and maternal outcomes between singleton
and multiple pregnancies at a tertiary referral maternity
facility is limited. The available JFKMC study by
Odunvbun et al. (2023) was primarily descriptive and did
not apply a Bayesian multivariate framework. Bayesian
logistic regression can be useful when sample sizes are
modest or data are sparse because prior information can
stabilize coefficient estimation, and posterior distributions
permit direct probability statements about parameters
(Gelman, et al., 2020; Gelman et al., 2008; Hosmer et al.,
2013). However, these advantages should be interpreted
as improvements in estimation under limited data rather
than as a remedy for structural deficiencies in the dataset.

This study applied Bayesian multivariate logistic
regression to examine preeclampsia status and adverse
maternal outcomes in singleton and multiple pregnancies
represented in the JFKMC-structured dataset. The
objectives of this study were to estimate the adjusted
association between pregnancy type and preeclampsia
status and to assess whether pregnancy type, preeclampsia
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status, and selected maternal and obstetric characteristics
were associated with adverse maternal outcomes.
Therefore, the analysis extends descriptive comparisons to
a multivariate probability-based framework while
explicitly treating the results as methodological evidence
from a retrospective hospital records.

2. Methodology

Bayesian multivariate logistic regression was used to
analyze the two binary outcomes. Model 1 estimated the
probability of preeclampsia as a function of pregnancy
type and selected maternal characteristics. Model 2
estimated the probability of adverse maternal outcomes as
a function of pregnancy type, preeclampsia status, and
selected maternal characteristics. For each woman, the
binary response was assumed to follow a Bernoulli
distribution, and the logit of the event probability was
modeled as a linear combination of the explanatory
variables. Weakly informative normal priors were
assigned to the regression coefficients to support stable
estimation in the small dataset. Posterior means, adjusted
odds ratios, and 95% credible intervals were used for the
inference.P; P;

2.1 Study Design and Setting

This retrospective study analyzed 180 maternal records
from the John F. Kennedy Maternity Center (JFKMC) in
Monrovia, Liberia, covering July 2024 to July 2025. The
dataset included records of women with and without
preeclampsia and contained the demographic, obstetric,
antenatal-care, and outcome variables used in the two
regression models. The unit of analysis was one maternal
record. Each model used complete cases for its included
variables. The findings describe associations in the
hospital records and should not be interpreted as causal
effects or as estimates for all pregnant women in Liberia.

Two primary binary outcomes were analyzed in this
study. Model 1 used preeclampsia status (no = 0, yes = 1).
Model 2 used the dataset variable
Overall_Maternal_Outcome, coded as favorable = 0 and
adverse = 1. The dataset also contained descriptive
indicators of maternal complications, including
postpartum hemorrhage, blood transfusion, ICU transfer,
hysterectomy, maternal death, and duration of hospital
stay. The explanatory variables included age, parity, ANC
attendance, pregnancy type (singleton or multiple), history
of preeclampsia, chronic medical condition, and current
preeclampsia status (Model 2). These definitions are
stated here before the model specification so that the
outcome coding is clear.

2.2, General Bayesian Logistic Regression
Framework

Let Y;denote a binary response for the i-th pregnant
woman,

where
1, ifthe event of interest occurs,
Y, = . i=1,2,..,n
0, otherwise,
2
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Assume
Y; | p; ~ Bernoulli(p;),

where p; = P(Y; = 1) is the probability of the event for
woman i.

The logistic regression model is

. pi
logit(p;) = log(l _lp_) =1
L

with linear predictor
N = Bo + PrX1i + BoXoi + -+ + BiXii-

Equivalently,

__exp(m:)
1+ exp(m)

i

In the Bayesian framework, the regression coefficients
are treated as random variables with prior distributions, as
follows:

B ~N(0,07),j = 0,12, ..., k.

A common weakly informative prior is
B; ~ N(0,10%),

or, more conservatively for logistic regression,
B; ~ N(0,2.5%).

Thus, the posterior distribution is

p(B1Y,X)xp(YIBX)p(B),

where

The modeling framework followed standard logistic
regression and Bayesian regression principles described
by Hosmer et al. (2013), Gelman et al. (2008), and
Gelman et al., (2020).

2.3. Model 1: Bayesian Multivariate Logistic
Regression for Preeclampsia Risk

Let
16 {1, if woman i has preeclampsia,
Yy = .
t 0, otherwise.
Then
Yi(l) [ pi(l) ~ Bernoulli(pi(l)).
The model is

logit(pi(l)) = Bo + p1MPW; + B, Age, + BParity,
+ [,ANC; + BsHPE; + ,CMC;.

Where:
MPW,= Multiple pregnancy status for woman i

Vol. 1 (2026)

_ (1, multiple pregnancy,
MPW; = {0, singleton pregnancy,

Age,= maternal age in years
Parity, = parity
ANC; = antenatal care attendance
_ (1, yes,
ANC; = {0, 1o,
HPE;= history of preeclampsia

1, vyes,
HPE; = {0 {lo

CMC;= chronic medical condition
(1, yes,
CMC; = {O, no.

Hence,

L _
b=
exp(Bo+B1MP;+ B Age;+ B3 Parity;+ B4 ANC;+BsHPE;+ 85 CMC;)
1+exp(Bo+B1MP;+B,Age;+B3Parity;+ B4 ANC;+BsHPE; + 85 CMC;)

Interpretation

The coefficient 8, measures the log-odds difference in
preeclampsia risk between multiple and singleton
pregnancies, controlling for other covariates.

The corresponding adjusted odds ratio is
AORyp = exp(fy).

2.4. Model =2: Bayesian Multivariable
Logistic Regression for Adverse Maternal
Outcomes

Let

(2)
i . .
_ {1, if woman i experiences an adverse maternal
10, outcome, if the maternal outcome is favorable.

Then
Y@ 1 p® ~ Bernoulli(p®).

The second model is

logit(pi(z)) = ag + a;MP; + a;PE; + azAge,
+ a,Parity, + asANC; + agHPE;
+ (Z7CMCL'.

Where:
PE;= preeclampsia status

1, preeclampsia present,
PEi = .

0, otherwise.
Thus,
2
p? =

exp(ao+aMPW;+a,PE;+asAge; +a4Parity;+as ANC;+agHPE;+a;CMC;)

1+exp(a@o+a MPW;+a,PE;+azAge; +a4Parity;+as ANC;+agHPE; +a;CMC;)’

3

© 2026 Gray, D.C. CC BY-NC-SA 4.0

ISSN 3134-7118 - e-ISSN 3134-7126



AMEU Journal of Pluridisciplinary Studies

Interpretation

a, measures the adjusted effect of multiple pregnancy
on adverse maternal outcome.

a, measures the adjusted effect of preeclampsia on
adverse maternal outcome.

Their adjusted odds ratios are
AORyp = exp(a;), AORpg = exp(ay).

2.5. Prior Specification
For the two models, assign priors as follows:
Model 1

Bo, B1, -r Bs ~ N(0,2.52)
independently.
Model 2

@y, Ay, ..., a7 ~ N(0,2.52)
independently.

These weakly informative priors were used to stabilize
the estimation in the presence of a modest sample size and
sparse predictor-outcome combinations. They reduce
extreme coefficient estimates but do not compensate for
limited outcome variability or structural biases in the data.

2.6. Likelihood Functions
For Model 1
The likelihood is

n

r@® 1-y@®

L(li')=| |(p§“) (1-p) " .
i=1

Hence the posterior is

| - | ey 1_y@®
P(ﬁ | Y(l),X) « (pl(l)) i (1_pl(1)) i
i=1

: ﬁp(ﬁj).
j=0

For Model 2
The likelihood is

n

Yi(Z) 1_Yi(2)

L(a)=| |(p§2’) (1-p?) " .
i=1

Thus the posterior is

n
@) @
p(a|Y<2>,X)o<| |(p§”)y‘ (1-p®) "
i=1

: ﬁ p( aj)-
j=0
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2.7 Decision Rule

Posterior inference was based on the posterior
distributions of the regression coefficients. Model
convergence was assessed using chain diagnostics,
including R-hat and effective sample size (ESS). ESS is
the approximate number of effectively independent
posterior draws after accounting for autocorrelation within
Markov chain Monte Carlo samples; larger ESS values
indicate more precise Monte Carlo estimation for a given
parameter.

For each parameter:

If the 95% credible interval for a coefficient excluded
0, the posterior distribution provided clear evidence that
the coefficient differed from 0 on a log-odds scale.0

Equivalently, if the 95% credible interval for an odds
ratio excluded 1, the posterior distribution provided clear
evidence of an association with the outcome at the 95%
credible level.1

That is,
OR; = exp(B;)orexp(a;).
3. Results

3.1 Descriptive Profile of Study Participants
and Selected Characteristics by Pregnancy

Table 1 summarizes the 180 retrospective hospital
records. ANC attendance was documented in 80.0%, no
history of preeclampsia was recorded in 86.7%, and
66.7% involved singleton pregnancies. Preeclampsia was
recorded in 86.7% of the records, and 60.0% were
classified as severe. Adverse maternal outcomes were
recorded in 57.8%; documented indicators included
postpartum hemorrhage (46.7%), ICU admission (20.0%),
and maternal death (20.6%). Adverse outcomes were
more frequent in records of multiple pregnancies than
singleton pregnancies (75.0% versus 49.2%). These
percentages describe the analyzed records and should not
be interpreted as prevalence estimates for all patients at
JFKMC.

3.2 Model 1 Results

3.2.1 Bayesian  Multivariate Logistic
Regression Coefficients for Preeclampsia
Risk

Table 2 reports the posterior coefficients for Model 1.
Multiple pregnancy and ANC attendance had negative
coefficients, while a history of preeclampsia had a
positive coefficient; their 95% credible intervals excluded
zero. The intervals for age, parity, and chronic medical
conditions included zero, leaving their associations
uncertain. Convergence diagnostics indicated that the
model was fitted satisfactorily, but they do not establish
that its estimates are clinically valid. In particular, the
negative coefficient for multiple pregnancy must be
interpreted in light of the recorded groups: every singleton
record was classified as preeclamptic. The estimate should
not be taken as evidence that multiple pregnancy lowers
preeclampsia risk.

Table 3 reports the posterior odds ratios for Model 1.
Multiple pregnancy and ANC attendance were associated
4
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with lower estimated odds of recorded preeclampsia,
while a history of preeclampsia was associated with
substantially higher odds. The multiple pregnancy
estimate conflicts with clinical evidence and is difficult to
interpret because no singleton records were classified as
non-preeclamptic. The pregnancy-type-by-preeclampsia
counts and outcome coding should be checked against the
source records. Reduced models and alternative prior
scales could show how sensitive the estimate is to
modeling choices, but they cannot resolve the empty cell.
Further assessment requires additional hospital records
with adequate representation of all four pregnancy-type
and preeclampsia-status groups.

Table 1. Descriptive Profile of Study Participants and Selected
Characteristics by Pregnancy

Vol. 1 (2026)

profiles, ranging from 0.979 to 1.000. Therefore, the fitted
model provided little discrimination among the selected
profiles. This pattern is consistent with the very high

3.3 Model 2 Results

Table 5 summarizes the posterior effects on adverse
maternal outcomes. Multiple pregnancy was associated
with substantially higher adjusted odds of an adverse
maternal outcome (OR = 39.558, 95% Crl [4.554,
399.901]), and age was also positively associated (OR =
1.546 per year, 95% Crl [1.300, 1.896]). These estimates
indicate strong posterior associations in the retrospective
hospital records dataset, but the wide credible interval for
multiple pregnancy shows considerable uncertainty in the
magnitude of the effect. OR = 39.560R = 1.55

ANC attendance was also positively associated with

Variable Category T T Y adverse maternal outcomes (OF_% = 39.116, 95% Crl
%) () [7.764, 274.312]). This association should not be
ANC No 36 20 20 20 mterpreted_gs evidence that ANC causes harm. In a
attendance referral-facility dataset, ANC attendance may be
Yes 142 | 80 80 80 associated with referr_al pathways, _rlsk se_lectlon, or more
. complete documentation among higher-risk women. The
H::Z‘;Ir;’ngfsia No 156 | 86.7 | 100 60 direction and magnitude of this coefficient therefore
s s require confirmation in real patient data with clearer
Yes 24 1133 |0 40 measures of timing, adequacy, and referral status.
Pregnancy type | Singleton 120 | 667 | — — OR =39.12 preeclampsia prevalence and limited
Multiple 60 333 | — _ outcome variability in the retrospective hospital records
dataset, further limiting the clinical interpretation of
Chronic No 120 66.7 70 60 Model 1 g P
medical oael L.
condition
Yes 60 33.3 30 40 Table 2. Bayesian Multivariable Logistic Regression Coefficients for
i Preeclampsia Risk
Preeclampsia No 24 133 |0 40 Predictor Estimate| SE 95% Credible | R- | Bulk | Tail
status ®) Interval hat | ESS | ESS
Yes 156 | 86.7 | 100 60 Intercept 1091 | 553 | [0.21,21.90] 3997 | 4962
Severity 5K 7o = — Multiple 739 | 123 | [1007,-524] | 1 | 4110 4245
Severe 108 | 60 — — pregnancy
CEIVER Parity 07 074  [2.23,066] | 1 | 4136 3968
Cesarean 120 | 66.7 | — - ANC 404 | 154 | [-7.13,-107] | 1 | 4639 4559
section attendance
Eclampsia No 168 | 933 | — — (Yes)
Yes 12 67 | — 7 History of | 5.61 145 | [2.94,8.65] 1 | 4962 | 4914
preeclampsia
Postpartum No 96 533 | — — (Yes)
hemorrhage Chronic 08 | 096 @ [-2721.05] 1 | 5139 | 4585
Yes 84 467 | — — medical
condition
ICU admission | No 144 | 80 = = (Yes)
Yes 36 20 — —
Maternal death | No 143 | 794 | — _ Preeclampsia status had an estimated odds ratio of
Ves p 206 12.767 (95% Crl [0.944, 192.854]). The interval included
' 1.00, so the posterior evidence was imprecise at the 95%
OVira" | Favorable 76 | 422 | 508 25 credible level. Parity, history of preeclampsia, and chronic
gli;rrgi medical conditions also had credible intervals that
included 1.00. These results should be described as
Adverse 104 | 57.8 | 49.2 75

uncertain rather than as evidence of no association.OR =
0.930R = 2.070R = 1.75

Table 4 shows that the predicted probabilities of
preeclampsia were high across all selected maternal

Overall, Model 2 provided clearer posterior evidence
for multiple pregnancy and maternal age than for

5
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Table 3. Posterior Odds Ratios for Bayesian Multivariable Logistic
Regression Model of Preeclampsia Risk

Predictor Odds 95% Credible
Ratio Interval

preeclampsia status, parity, history of preeclampsia, or
chronic medical conditions. Several estimates were very
large and accompanied by wide credible intervals,
indicating limited precision. The direction of association

should therefore be emphasized more than the exact | Intercept 54831.72 | [1.23, 3242501000.00]
magnitude of the odds ratios until the model is validated Multiple pregnancy 0.001 [0.00004, 0.005]
in a larger real-world dataset. A 101 [0.81, 128]

Table 6 shows that the_ predlcfed probability of Parity 05 [0.11, 1.94]
adverse maternal outcome varied considerably across the
selected maternal profiles. The lowest predicted | ANC attendance (Yes) 0.02 [0.001, 0.34]
probability was observed for Profile 1, a woman with @ | History of preeclampsia 274.22 [18.91, 5707.87]
singleton pregnancy, no preeclampsia, age 25 years, parity (Yes)
1, no ANC attendance, no history of preeclampsia, and no Chronic medicallcondition 0.45 [0.07, 2.85]

chronic medical condition. For this profile, the predicted (Yes)
probability of adverse maternal outcome was extremely
low (p =0.001,95% [0.000,0.006]). indicating that
adverse outcome was highly unlikely under this

combination of characteristics.

Table 4. Predicted Probabilities of Preeclampsia for Selected Maternal Profiles by Age Group

Profile Pregnancy Age Parity ANC History of Chronic Medical | Predicted 95% Credible
Type Group Preeclampsia Condition Probability | Interval
1 Singleton 20-29 1 No No [0.997, 1.000]
2 Singleton 30-39 2 Yes No No 0.994 [0.974, 1.000]
& Multiple 20-29 1 Yes Yes No 0.979 [0.898, 1.000]
4 Multiple 30-39 2 No Yes Yes 0.995 [0.967, 1.000]
) o ) than in singleton pregnancies (75.0% versus 49.2%). This
In contrast, the predicted probabilities were much higher  pattern is consistent with the results reported by Sanchez-
for the remaining profiles, all of which involved Romero et al. (2025) and Zheng et al. (2025). Both studies

preeclampsia. Profile 2, representing a 35-year-old
woman with a singleton pregnancy, preeclampsia, parity
2, ANC attendance, no history of preeclampsia, and no
chronic medical condition, had a predicted probability of
0.819 (95% Crl [0.715,0.902]). Similarly, Profile 3, a
25-year-old woman with a multiple pregnancy,
preeclampsia, parity 1, ANC attendance, history of
preeclampsia, and no chronic medical condition, had a
predicted probability of 0.817 (95% Crl [0.570,0.964]).
These results suggest that the presence of preeclampsia
substantially increased the risk of adverse maternal
outcomes.

The highest predicted probability was observed for
Profile 4, a 35-year-old woman with multiple pregnancy,
preeclampsia, a history of preeclampsia, and a chronic
medical condition. For this profile, the predicted
probability of adverse maternal outcome was 0.906
(95% CrI, 0.606,0.996), indicating a very high
likelihood of adverse maternal outcome. Overall, Table 6
suggests that adverse maternal outcomes are far more
likely among women with preeclampsia, especially when
combined with multiple pregnancy, older maternal age, a
previous history of preeclampsia, and a chronic medical
condition. These findings indicate that the joint presence
of obstetric and maternal risk factors may substantially
elevate the probability of unfavorable maternal outcomes.

4. Discussion

Among the 180 maternal records from the John F.
Kennedy Maternity Center (JFKMC), adverse outcomes
were recorded more frequently in multiple pregnancies

examined pregnancies complicated by preeclampsia;
however, their results are not directly comparable with an
analysis that includes women with and without
preeclampsia.

Table 5. Bayesian Multivariate Logistic Regression Model for Adverse
Maternal Outcome

Predictor Estimate (B) | SE Odds 959% Credible
Ratio Interval for OR

Intercept -19.772 3.968 [0.000, 0.000]
Multiple 3.678 1.13 39.558 | [4.554,399.901]
pregnancy

Preeclampsia 2.547 1.345 | 12.767 | [0.944, 192.854]
status

Age 0.435 0.097 | 1.546 | [1.300, 1.896]
Parity -0.07 0.191 | 0.932 | [0.644,1.354]
ANC attendance | 3.667 0.905 | 39.116 | [7.764,274.312]
(Yes)

History of 0.729 1.417 | 2.073 | [0.129, 35.078]
preeclampsia

(Yes)

Chronic medical | 0.559 0578 | 1.75 [0.578, 5.745]

condition (Yes)

Model 1 showed a positive association between a
history of preeclampsia and current preeclampsia. Its
negative estimate for multiple pregnancy is difficult to
interpret. Every singleton record was classified as

6
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preeclamptic, whereas 40.0% of multiple-pregnancy
records were classified as non-preeclamptic. This empty
cell creates a near-separation problem and strongly
influences the fitted estimate. The selected profiles also
had predicted probabilities close to 1.00, indicating that

Vol. 1 (2026)

Model 1 did little to distinguish among them. These
findings warrant a check of the original records, outcome
coding, eligibility criteria, and complete-case exclusions
before the multiple-pregnancy estimate is given a clinical
interpretation.

Table 6. Predicted Probabilities of Adverse Maternal Outcome for Selected Maternal Profiles by Age Group

Pregnancy | Preeclampsia |Age

Type Status Group
1 Singleton 0 20-29
2 Singleton 1 30-39 | 35 2
3 Multiple 1 20-29 25 1
4 Multiple 1 30-39 | 35 2

Antenatal care (ANC) attendance was negatively
associated with preeclampsia in Model 1, but the records
did not establish that attendance prevented the condition.
The analysis could not determine when ANC occurred
relative to diagnosis or account fully for differences in
underlying risk.

In Model 2, multiple pregnancy and older maternal age
were positively associated with adverse maternal
outcomes. The predicted probabilities for the selected
profiles were also higher when several risk characteristics
occurred together. Because the profiles differed on more
than one characteristic, their probability differences
cannot be attributed to any single factor. The estimated
association between preeclampsia status and adverse
outcomes was large, but its 95% credible interval included
1.00; the data therefore leave substantial uncertainty about
its magnitude and direction. Credible intervals for parity,
chronic medical conditions, and history of preeclampsia
also included 1.00.

ANC attendance was positively associated with adverse
outcomes in Model 2. This does not indicate that ANC
causes harm. Referral patterns, differences in baseline
risk, and more complete documentation among women
receiving care are possible explanations; however, the
available records do not distinguish between them.
Information on ANC timing and adequacy, referral
source, and risk at presentation would help to assess this
result.

Bayesian estimation allowed the models to be fitted,
despite sparse predictor—outcome combinations. Weakly
informative priors can reduce extreme estimates, but they
cannot fill an empty cell, correct selection bias, or
establish that a model will predict well in another group of
patients (Gelman et al., 2020; Gelman et al., 2008).

4.1 Limitations and Future Research

The analysis was based on 180 records from one
referral maternity center, and 86.7% were classified as
preeclamptic. The absence of non-preeclamptic singleton
records limits the interpretation of Model 1. Complete-
case analysis may have further reduced the information
available for each model. The records also lacked
sufficient detail to assess whether ANC timing, referral
pathways, disease severity, or treatment explained some

Representative [Parity | ANC [History of
Age Preeclampsia

Yes
Yes
No

hronic Medical [Predicted 95% Credible
ondition Probability [Interval

0.001 [0.000, 0.006]
No No 0.819 [0.715,0.902]
Yes No 0.817 [0.570, 0.964]
Yes Yes 0.906 [0.606, 0.996]

of the observed associations. No independent dataset was
used to assess calibration or predictive performance.
Therefore, the findings should be interpreted as
associations within the analyzed hospital records, not as
causal effects or population estimates for Liberia.

Researchers should first verify the pregnancy type and
preeclampsia coding against the source records and report
how records were selected and excluded. Future studies
could review a longer observation period and, where
feasible, include other maternity facilities to obtain
adequate numbers in all four pregnancy type and
preeclampsia-status groups. Recording the referral source,
ANC timing and adequacy, gestational age, blood
pressure, relevant laboratory results, disease severity,
treatment, and standardized maternal outcomes would
support a more informative analysis. Sensitivity analyses,
calibration assessment, and external validation are needed
before either model is considered for clinical prediction.

5. Conclusion

In the JFKMC hospital records, multiple pregnancies
and older maternal age were positively associated with
adverse maternal outcomes, whereas a history of
preeclampsia was positively associated with current
preeclampsia. The negative Model 1 estimate for multiple
pregnancies is difficult to interpret because the analyzed
data contained no non-preeclamptic singleton records. The
models identified associations that require verification and
external validation before clinical use.
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