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BACKGROUND: Prediction models can be used as simple evidence-based tools to identify fetuses at risk of perinatal death. Payne et al
developed a prognostic model for perinatal death in women with hypertensive disorders of pregnancy, a leading cause of maternal/fetal morbidity
and mortality.

OBJECTIVE: This study aimed to externally validate the predictive performance of this model in pregnant women with hypertensive disorders
of pregnancy admitted between 26 and 34 weeks of gestation in Ghana.

STUDY DESIGN: The perinatal model was applied in the SPOT (Severe Pre-eclampsia adverse Outcome Triage) study, a cohort of women
with hypertensive disorders of pregnancy admitted between 26 and 34 weeks of gestation to referral facilities in Ghana. Predictive performance
was assessed by calibration (calibration-in-the-large coefficient and calibration slope) and discrimination (based on the c-statistic).

RESULTS: Of the 543 women included in the validation analysis, 87 (16%) experienced perinatal death from delivery until hospital discharge.
Predictive performance of the model was poor. The calibration-in-the-large coefficient was 1.12 (95% confidence interval, 0.87—1.36, O for
good calibration), calibration slope was 0.08 (95% confidence interval, —0.21 to 0.36, 1 for good calibration), and c-statistic was 0.52 (95%
confidence interval, 0.44—0.59).

CONCLUSION: This perinatal prediction model performed poorly in this cohort in Ghana. Possible reasons include differences in case mix,
clinical management strategies, or data collection procedures between development and validation settings; suboptimal modeling strategies at
development; or omission of important predictors. Given the burden of perinatal mortality and importance of risk stratification, new prediction

model development and validation is recommended.
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Introduction

The global burden of stillbirth and neo-
natal mortality remains high, with an
estimated yearly 2.6 million stillbirths'
and 2.5 million neonatal deaths.” The
vast majority of these deaths occur in
South Asia and sub-Saharan Africa.””’
Between 6% and 20% of all perinatal
deaths are associated with hypertensive
disorders of pregnancy (HDPs)." In
Ghana, HDPs are one of the leading
causes of maternal and perinatal
deaths.® Estimates suggest that more
than half of all perinatal deaths are pre-
ventable and that major progress could
be achieved by improving both the cov-
erage and quality of care at birth and
for newborns.”

HDPs consist of a spectrum of dis-
eases including chronic hypertension,
gestational hypertension, preeclampsia,
superimposed preeclampsia, HELLP
(hemolysis, elevated liver enzymes, and
low platelet count) syndrome, and
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Why was this study conducted?

Key findings

and perinatal outcomes.

This study aimed to externally validate Payne et al’s prognostic model for pre-
dicting perinatal death in women with hypertensive disorders of pregnancy
using data from a low- and middle-income country (LMIC) setting.

The model had poor predictive performance in the validation cohort from
Accra, Ghana. Potential explanations for this include differences in case mix,
clinical management, or data collection procedures, as well as model overfitting
and the omission of important predictors.

What does this add to what is known?

This study highlights the need for the external validation of prediction models in
diverse LMIC settings, and emphasizes the importance of context-specific model
recalibration and standardized data collection practices to improve maternal

eclampsia.” Pregnancies complicated by
severe and early-onset HDPs (ie, before
34 weeks of pregnancy), are at the high-
est risk of (serious) adverse maternal
and perinatal complications, and deliv-
ery is the only ultimate cure.”'" How-
ever, for clinically stable women with
severe early-onset HDPs, there is cur-
rently no consensus on whether man-
agement should be expectant or
focused on inducing the delivery.'” "
Furthermore, these different manage-
ment strategies might involve conflict-
ing maternal and fetal risks and
benefits."* Therefore, risk prediction
models could assist health care pro-
viders and pregnant women in making
the right decision about their manage-
ment strategy.

Clinical decision support could
improve the quality of health care, espe-
cially in resource-constrained settings,
by guiding the provision of health care
and delivering effective triage. In these
settings, few risk prediction models
have been developed so far. Ngwenya et
al'” (2020) developed a model to predict
both maternal and perinatal outcomes
in a population exclusively comprising
women with severe preeclampsia.
Another prognostic model by Payne et
al'® for predicting perinatal mortality in
women with HDPs was developed in a
multicenter prospective cohort of
women from Fiji, Uganda, South Africa,
Brazil, and Pakistan. Predictors were
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maternal age, a count of symptoms, and
dipstick proteinuria. With an area
under the receiver operating character-
istic curve of 0.75 (95% confidence
interval [CI], 0.71—0.80), the model
performed moderately well with good
internal calibration. A potential limita-
tion of this model could be that it did
not comprise all known risk factors for
perinatal outcomes because it was
developed by performing a secondary
analysis of a cohort established to pre-
dict adverse maternal outcomes. The
predictive performance of this model in
a new data set remains unknown given
that, to our knowledge, no external vali-
dation studies have yet been performed.

Thus, in the current study, we exter-
nally validated the prognostic model by
Payne et al'® for predicting perinatal
mortality in women with HDPs remote
from term in a low-resource (peri)urban
setting in Ghana.

Methods

Study design, setting, and
population

This research is embedded in the ongo-
ing SPOT (Severe Pre-eclampsia
adverse Outcome Triage) studies, which
include the SPOT cohort. The SPOT
cohort is a multicenter prospective
cohort that is being conducted in differ-
ent referral hospitals in the Greater
Accra Region and the Eastern Region of
Ghana. The SPOT cohort commenced

in November 2017, and data were col-
lected until November 2023.

The participating referral hospitals
are the Greater Accra Regional Hospi-
tal, Tema General Hospital, La General
Hospital, Lekma General Hospital, East-
ern Regional Hospital, and Korle-Bu
Teaching Hospital. Four of these hospi-
tals are within the Greater Accra
Region, and the Eastern Regional Hos-
pital is in the Eastern Region of Ghana.
These hospitals were selected because of
their referral function, the availability of
a neonatal intensive care unit, their
large volume of patients/workload, and
sufficient infrastructure to conduct this
study. Furthermore, these settings are
relevant because of the availability of
diagnostic and prognostic tests for
prognostic modeling. Together, the hos-
pitals have an estimated annual number
of deliveries of >30,000. The estimated
incidence of HDPs within these facilities
is between 8% and 39%.'”'® Women
aged >16 years admitted to a hospital
with HDPs (classification included in
Table 1'”7?") between the gestational
ages of 26 and 34 weeks were eligible
for inclusion. Exclusion criteria were
stillbirth before hospital admission,
spontaneous active labor during
admission, and/or the presence of any
of the severe maternal outcomes before
inclusion or before collecting the pre-
dictor variables because the prognostic
model would not be applied in such
cases. The maternal outcomes were
maternal mortality, serious morbidity
of the central nervous system, cardiore-
spiratory and renal morbidity, hepatic
morbidity, hematologic morbidity, or
other serious morbidities (further
details are included in Supplemental
File S1: maternal adverse outcomes).
The only maternal outcome we chose
not to exclude was maternal eclampsia
during admission. This decision was
based on the expectation that eclamp-
sia would neither interfere with the
model’s predictive accuracy for perina-
tal risk assessment nor diminish the
clinical relevance of including women
with eclampsia at admission. During
admission, all women received stan-
dard care according to their hospital’s
guidelines.



Severe preeclampsia

Gestational hypertension

Chronic hypertension

Partial HELLP
enzymes?’

Eclampsia

SPOT, Severe Pre-eclampsia adverse Outcome Triage.

TABLE 1

Classification of hypertensive disorders of pregnancy applied in the
SPOT study®

Disorder Definition

Preeclampsia Blood pressure >140/90 mm Hg (at least 1 component, twice,

>4 h apart, >20+0 wk) and either:

e Proteinuria (of >2+ by dipstick, >0.3 g per day by 24-h
collection, or >30 g/mol by urinary protein-to-creatinine
ratio), or

e Hyperuricemia (greater than upper limit of nonpregnancy
normal range)

Superimposed preeclampsia  Rapidly increasing requirements for antihypertensive
drugs, systolic blood pressure >170 mm Hg or diastolic blood
pressure >120 mm Hg, new proteinuria, or new
hyperuricemia

e Elevated blood pressure, systolic >160 mm Hg or dia-
stolic >110 mm Hg, at least 1 component, twice, >4 h
apart, >20+0 wk; and proteinuria (of >2+ by dipstick,
>0.3 g per day by 24-h collection, or >30 g/mol by uri-
nary protein-to-creatinine ratio)

e HELLP syndrome: hemolysis, elevated liver enzymes, and
low platelets; even in the absence of hypertension or pro-
teinuria'®; preeclampsia with severe symptoms (head-
ache, blurred vision, right upper quadrant pain, etc.)

Blood pressure >140/90 mm Hg (at least 1 component, twice,
>4 h apart, >20+0 wk) without significant proteinuria

Blood pressure >140/90 mm Hg before 20+0 wk of gestation
Hemolysis and low platelets OR low platelets and elevated liver

The presence of preeclampsia and seizures

2 For these definitions, we used the ISSHP (International Society for the Study of Hypertension in Pregnancy) classification'®
together with definitions used in the miniPIERS/fullPIERS studies.?%?!
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Some women were admitted to hos-
pital multiple times during pregnancy
(n=126). For these women, only predic-
tor measurements at the first hospital
admission were used to predict adverse
perinatal outcomes occurring at any
time until final hospital discharge of the
mother.

Outcomes

The primary perinatal outcome in this
study was a composite outcome of still-
birth and early neonatal death (up to
discharge of the mother from the hospi-
tal) from any cause. Stillbirth was
defined using the existing World Health
Organization definition as the death of
an infant after the gestational age of 28
weeks but before or during birth.* Early

neonatal death was defined as “neonatal
death up to one week after birth.”*” In
this analysis, the same definition as that
used in the model development study
—“neonatal death up to hospital

discharge”—was applied to facilitate
more accurate validation. To identify
outcomes, clinical files (during admis-
sion) and hospital discharge data were
used.

Predictors

This external validation study used the
predictor variables from Payne’s perina-
tal death model: maternal age, count of
symptoms, and dipstick proteinuria
(Table 2). In line with the methodology
used in the model development study,
data on predictors were gathered from
the time of admission up to 24 hours
after admission. Symptoms included in
the symptom count were headache,
visual disturbances, chest pain, dyspnea,
abdominal pain, and nausea and vomit-
ing. Proteinuria was assessed using dip-
stick analysis of maternal urine.

Study procedures and data quality
In this study, data were collected from
both electronic and paper-based medi-
cal records, and supplemented with
face-to-face interviews of women with
HDPs using standardized data collec-
tion forms administered by trained
research assistants. Regular data quality
checks were performed by local
researchers. To optimize data quality,
the paper questionnaires were subse-
quently double-entered into a REDCap
(Vanderbilt University, Nashville, TN)
database.”” Further details of the study
procedures are provided on the SPOT
study website.”*

Ethical approval
The SPOT study protocol was approved
by the Ghana Health Service Ethics

TABLE 2

tal outcomes

Predictors

Predictors included in the prognostic model predicting adverse perina-

Data format

Maternal age
Count of symptoms
Dipstick proteinuria

2025.

Years (Continuous)

0, 1, 2 (Categorical)

Negative, 1+, 2+, 3+, 4+ (Categorical)
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Review Committee (protocol ID
GHSERC-GHSERC015/09/17) and the
Ethical and Protocol Review Committee
of the College of Health Sciences,
University of Ghana (protocol ID
GHSERC-CHS-EtM.4-P1.2/2017-2018).
All  participants provided written
informed consent before study enroll-
ment. Where applicable, consent of a
parent or guardian was also obtained
for women aged <18 years.

We followed the TRIPOD (Transpar-
ent Reporting of a multivariable predic-
tion model for Individual Prognosis Or
Diagnosis) guidelines in our report-
ing.”” Details are presented in Supple-
mental Table S9.

Statistical analysis

Missing  data. Missing data were
observed across variables, generally
ranging from 0% to 4.8%, except for
body mass index (BMI) at enrollment
(37.2%)  (Supplemental Table S3
includes detailed information). Miss-
ing predictor values were imputed
because we assumed that when the
prognostic model is used in clinical
practice, all necessary data for the
model will be collected. We assumed
that missing values were missing at
random and used multiple imputation
by chained equations (MICE). The
number of imputed data sets was 50.
We found this reasonable given that
the highest proportion of missing
data was 37%.”° Missing values were
predicted on the basis of all other
predictors, the outcome, and addi-
tional patient characteristics (Supple-
mental File S3 includes details on
missing values and imputation techni-
ques). Patients with a missing out-
come were excluded after imputation
(n=53).”

Description of baseline
characteristics. Baseline characteristics
of participants were summarized using
descriptive statistics for the entire vali-
dation cohort and stratified by perinatal
death status.

Model performance. The equation of
the perinatal death model'® is as
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follows:

Logit (perinatal death) = —4.75 + 0.024
X maternal age + 0.389 X presence of
1 symptom + 1.338 x presence of
>2 symptoms + 1.119
x dipstick proteinuria 2 + or 3 +
+ 1.457 x dipstick proteinuria 4+

To evaluate predictive performance,
we assessed calibration, discrimination,
and overall accuracy. Calibration refers
to the alignment between the predicted
and observed outcomes, and was evalu-
ated on the basis of the calibration-in-
the-large coefficient and calibration
slope, which were pooled across
imputed data sets on a logit scale using
Rubin’s rules.”® In addition, we pre-
sented a smooth calibration curve, cre-
ated using locally estimated scatterplot
smoothing (LOESS)-smoothed plots
on stacked imputed data sets to visual-

ize estimated risks vs observed
. 9

proportlons.2

To assess discriminative perfor-

mance, we calculated the c-statistic to
determine how well the estimated risks
differentiate between women who expe-
rienced perinatal death and those who
did not. The c-statistic is equal to the
area under the receiver operating
characteristic curve in a binary logistic
model.” Standard errors were esti-
mated using the DeLong method, and
estimates were pooled across imputed
data sets on a logit scale using Rubin’s
rules.

Model  updating. Subsequently, we
updated the model by 2 additional
steps.”’ First, we adjusted the intercept,
which might improve model perfor-
mance in a validation setting with a
different average outcome risk. We
expected a higher risk of perinatal death
due to the early gestational age at which
women presented with symptoms of
HDPs relative to the development
cohort. The intercept was updated by
adding the calibration-in-the-large coef-
ficient to the linear predictor of the
model. Second, we adjusted all predictor
regression coefficients by a single over-
all adjustment factor based on the

calibration slope, after which the inter-
cept was updated accordingly.

All statistical analyses were per-
formed in R, version 4.0.3 (R Founda-
tion for Statistical Computing, Vienna,
Austria).

Sample size calculation. Guidance for
sample sizes in external validation stud-
ies was not yet developed at the time
when our study was planned.”” There-
fore, we based our planning on the rec-
ommendations by Vergouwe et al’” and
Steyerberg,”* which indicate that at least
100 (but preferably >250) events are
required for valid external validation.
We expected a stillbirth rate of approxi-
mately 14%, based on a previous study
reporting on maternal near-miss and
perinatal outcomes in the SPOT
cohort.” This is consistent with the
perinatal mortality rate reported in an
Ethiopian study.”® Therefore, we
expected that a sample size of 600 to
800 women with HDPs in our cohort
would be sufficient for externally vali-
dating the model.

Additional analyses

In addition, because of the differences
in gestational age between the valida-
tion cohort and the development
cohort, we validated the model in a
restricted cohort of similar gestational
age (from 32+1 weeks). Furthermore,
we stratified women according to their
HDP diagnoses on admission (pre-
eclampsia vs other diagnoses) to assess
differences in adverse outcome risks
and their effect on the model validation.

Results

Descriptive statistics

Eligibility criteria were met by 596
women, of whom 53 were excluded
from analysis after missing data imputa-
tion because of a missing outcome
(Table 3 and Supplemental Table S3
present cohort descriptive characteris-
tics before imputation). The mean age
of the 543 included women was 32 years
(SD, 5.6 years). Mean gestational age on
admission was 214 days (SD, 15.4), cor-
responding to 31 weeks of pregnancy.
Most (74%) of the participating women
were multiparous, and 49% of women



TABLE 3

Baseline characteristics measured within 24 hours of hospital admission in the eligible cohort from the ongoing

SPOT study
Overall cohort Women who experienced Women who did not experience

Variable (N=543) perinatal death (n=87) perinatal death (n=456)

Maternal age (y), mean (SD) 32.0(5.7) 33.0(6.1) 31.9(5.6)
<18, n (%) 6(1.1) 0(0) 6(1.3)
18—24, n (%) 44 (8.1) 8(9.2) 36(7.9)
25-29, n (%) 127 (23.4) 16 (18.4) 111 (24.3)
30—34, n (%) 178 (32.8) 23 (26.4) 155 (34)
>35, n (%) 188 (34.6) 40 (46.0) 149 (32.7)

Gestational age (d), mean (SD) 214.0 (15.4) 215.3 (15.3) 213.8 (15.4)

Multiple parity, n (%) 401 (73.9) 68 (78.2) 333 (73.1)

Gravidity, n (%)

1 64 (11.8) 7(8.0) 57 (12.5)
2 75 (13.8) 15(17.2) 60 (13.2)
3 134 (24.7) 12 (13.8) 121 (26.5)
4 128 (23.6) 24 (27.6) 103 (22.6)
5 61 (11.2) 13 (14.9) 48 (10.5)
6 45(8.3) 5(5.7) 40 (8.8)

7 22 (4.1) 8(9.2) 14 (3.1)
8+ 15 (2.8) 2(2.3) 13(2.9)
Singleton, n (%) 508 (93.6) 82 (94.3) 427 (93.6)

BMI (kg/m?), mean (SD) 33.1(7.1) 32.1(7.6) 33.2(7)

Smoking, n (%) 1(0.2) 0(0) 1(0.2)

Count symptoms, n (%)

1 164 (30.2) 24 (27.6) 139 (30.5)
2 73 (13.4) 15(17.2) 58 (12.7)
3 29 (5.3 5(5.7) 24 (5.3)

4 10 (1.8) 1(1.1) 9(2)

5 3(0.6) 0(0) 3(0.7)

Highest systolic blood pressure within 24 h after 162 (22.5) 161 (23.2) 162 (22.4)

admission (mm Hg), mean (SD)

Highest diastolic blood pressure within 24 h after 102 (17.1) 102 (16.9) 103 (17.2)

admission (mm Hg), mean (SD)

Diagnosis at hospital admission 7? ?7? 7
Chronic hypertension or gestational hypertension, n (%) 138 (25.4) 23 (26.4) 115(25.2)
Mild or severe preeclampsia, n (%) 361 (66.5) 58 (66.7) 303 (66.4)
Eclampsia, n (%) 44 (8.1) 6(6.9) 38(8.3)

Information is based on imputed data sets generated using Rubin’s rules (Supplemental File includes descriptive statistics of the original data).
BMI, body mass index; SPOT, Severe Pre-eclampsia adverse Outcome Triage.
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FIGURE

Smooth calibration curve of Payne’s model in SPOT validation cohort
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The curve was obtained by predictions over stacked imputed data sets.

SPOT, Severe Pre-eclampsia adverse Outcome Triage.
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experienced no symptoms within the
first 24 hours of admission. The mean
highest systolic blood pressure within
the first 24 hours of admission was
162 mm Hg (SD, 22.4). The mean high-
est diastolic blood pressure within the
first 24 hours of admission was 102 mm
Hg (SD, 17.1). A total of 87 women
(16%) experienced a perinatal death
outcome. Table 3 presents descriptive
statistics comparing women with and
without an observed outcome.

The descriptive statistics of the vali-
dation data set and the development
data set were broadly similar (Supple-
mental File S5). The perinatal death rate
in our data set was higher than that in
the development data set (15% in SPOT
vs 7% in development cohort).

Distribution of estimated risks
The estimated risks of adverse perinatal
outcomes over all 50 imputed data sets

ranged from 0.01 to 0.28, with an aver-
age of 0.06 (Figure). Supplemental
Figure S6 presents the distribution of
the linear predictor, which can inform
sample size calculations for future exter-
nal validations.

Performance of the model

The predictive performance of the
model was poor (Table 3). The calibra-
tion-in-the-large coefficient was 1.12
(95% CI, 0.87—1.36), indicating that the
average risk of perinatal death was
underestimated. The calibration slope
of 0.08 (95% CI, —0.21 to 0.36) suggests
that the estimated risks were excessively
divergent from the observed risk,
resembling a scenario where a model is
overfitted to the development data. The
smooth calibration curve is shown in
the Figure. The c-statistic of the model
was 0.52 (95% CI, 0.44—0.59), indicat-
ing poor discrimination between

women who experienced a perinatal
death and those who did not.

Model updating

Subsequently, the model was updated as
planned, but predictive performance
was not restored, as indicated by
updated smooth calibration curves
(Supplemental Figure S7). The perfor-
mance of the model after updating the
intercept and coefficients with a single
factor is presented in Table 4.

Additional analysis

We assessed model performance in
stratified groups based on gestational
age (>32 or <32 weeks) and HDP diag-
nosis (preeclampsia vs other diagnoses
of HDP). Performance of the model
remained poor (Table 5; Supplemental
Figure S8).

Discussion
This external validation study assessed
the performance of Payne’s prognostic
model for adverse perinatal outcomes'®
in the SPOT cohort of pregnant women
with HDPs admitted to hospital at 26 to
34 weeks of gestation. Despite a c-statis-
tic of 0.75 in the development cohort,
model performance at external valida-
tion was suboptimal with both poor cal-
ibration and discrimination. Even after
updating the intercept and coefficients,
performance remained suboptimal. Fur-
thermore, model performance was not
improved by stratifying for different
gestational age and HDP diagnoses.

In the evaluation of a prediction
model and before its implementation in
clinical practice, external validation is

TABLE 4

after updating

Performance measure

Performance of the original prognostic model for predicting adverse perinatal outcomes in the basic model and

Model

Model after
updating intercept

Basic model

Model after updating
intercept and coefficient

Calibration-in-the-large coefficient (95% CI)
Calibration slope (95% Cl)

C-statistic (95% Cl)
Cl, confidence interval.

1.12 (0.87—1.36)
0.08 (~0.21 10 0.36)
0.52 (0.44—0.59)

Olde Loohuis. Predicting complications in hypertensive disorders of pregnancy. Am J Obstet Gynecol Glob Rep 2025.

0 (—0.24 t0 0.24)
0.08 (~0.21 10 0.36)
0.52 (0.44—0.59)

0(—0.22100.22)
1(-2.8104.8)
0.52 (0.44—0.59)
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TABLE 5

Performance measure

Performance of the prognostic model predicting adverse perinatal outcomes in subgroups

Gestational age <32 wk Gestational age >32 wk Preeclampsia
(n=371, with n=57
perinatal deaths)

(n=172, with n=30
perinatal deaths)

Other diagnoses of HDP
(n=405, with n=64  (n=138, with n=23

perinatal deaths) perinatal deaths)

Calibration-in-the-large coefficient (95% CI)
Calibration slope (95% Cl)
C-statistic (95% Cl)

1.05 (0.76—1.35)
0.12 (~0.24 0 0.48)
0.53 (0.44—0.62)

Cl, confidence interval; HDP, hypertensive disorders of pregnancy.

1.25 (0.83—1.66)
—0.01 (—0.52 t0 0.50)
0.49 (0.36—0.62)

Olde Loohuis. Predicting complications in hypertensive disorders of pregnancy. Am J Obstet Gynecol Glob Rep 2025.

0.92(0.64-1.2)  1.85(1.38—2.32)
0.13 (—0.23 10 0.49) 0.04 (—0.68 t0 0.75)
0.53 (0.44—0.61)  0.57 (0.44—0.68)

an essential step. In general, predictive
performance tends to decrease in new
data sets because of overfitting during
model development.”"** Findings from
2 recent reviews show that in low- and
middle-income country (LMIC) set-
tings, limited prediction studies have
been performed within maternal health
care.””® Only the study by Ukah et al’
used external validation to assess per-
formance of a model predicting mater-
nal outcomes in women with HDP in
different settings.”'

There are several possible explana-
tions for the suboptimal external perfor-
mance of the prognostic model
predicting adverse perinatal outcomes.

First, gestational age at the first pre-
sentation of HDP is an important prog-
nostic factor for adverse perinatal
outcomes, but it was not included in the
model.*’"** Incorporating gestational
age as a predictor in a prognostic model
may enhance its overall performance,
potentially maintaining effectiveness
across diverse populations with varying
gestational ages. This is particularly rel-
evant given the gestational age differen-
ces in the development and validation
cohort, with the SPOT study recruiting
women at admission to hospital
between 26 and 34 weeks rather than at
any gestational age.

Second, the modeling strategy in the
development study might have resulted
in model overfitting.’' The selection of
candidate predictors was based on sta-
tistical criteria rather than background
clinical knowledge, and it was not per-
formed in a multivariable manner, such
as through backward elimination or
lasso regression.”” This approach could

have resulted in omitting important
predictors and their interactions. No
shrinkage was applied to adjust coeffi-
cients of the prognostic model. Further-
more, as previously mentioned, the
model was developed from a cohort
established to predict adverse maternal
outcomes, which could potentially not
have included important predictors for
perinatal outcomes. Finally, the predic-
tion horizon was not explicitly defined
in terms of time (limited to the admis-
sion period, which can vary across set-
tings), potentially affecting the model’s
accuracy.

Third, women in the SPOT data set
might differ from those in the develop-
ment study, who received antenatal care
in Fiji, Uganda, South Africa, Brazil, and
Pakistan. Although both studies were
conducted in LMIC settings, the relation-
ships among maternal age, presenting
symptoms, and proteinuria may vary,
leading to suboptimal external predictive
performance. Women in the SPOT data
set were also of younger gestational age
at first presentation with symptoms of
HDP, suggesting more severe illness. Fur-
thermore, we chose to include women
with eclampsia upon admission, which
could have resulted in a higher caseload
of severe preeclampsia in our cohort.
Correspondingly, the average outcome
proportion was higher than in the devel-
opment cohort, which might explain the
observed miscalibration. However, our
additional analysis performed in a sub-
group of similar gestational age did not
show improved calibration.

Fourth, differences in data collection
procedures between the development
and validation study might explain the

suboptimal model performance.
Regarding data collection, our data
showed that 52% of the SPOT women
did not experience any symptoms
within the first 24 hours of admission.
This finding seems inconsistent with
the expectation that these women who
were remote from term with HDP and
admitted to a hospital are severely ill.
Although it is technically feasible for
women with only high blood pressure
and proteinuria (without evident symp-
toms) to be admitted, this apparent
inconsistency could be attributed to
potential misclassifications in (elec-
tronic) health record data registration
of symptoms.

Finally, the model assumes that stan-
dard care is provided to all women with
HDP when predicting perinatal adverse
outcomes in practice. In our context,
the critical question is how realistic this
assumption is, given that we collected
data from various referral hospitals
across diverse settings in Ghana. These
settings include both urban and periur-
ban areas, with women referred from
both private and public facilities, and
involving populations with varying
income levels in Ghana. In addition,
variations in treatment effects might
influence the model’s performance in
our setting. Factors such as financial
support available to women could also
influence care-seeking and treatment
choices, which may differ from those in
the development settings. Including
treatment options in the model building
stage is a known method to improve
model performance.**

Our study had important strengths.
First, the prospective SPOT cohort and
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the number of adverse events are rela-
tively large. This contributes to improv-
ing prediction research in LMIC
settings, where prognostic modeling
studies, and especially external valida-
tion studies, are scarce. This is especially
important in settings where the global
burden of HDP-related deaths is high-
est.”” Second, by externally validating
an existing model, we contributed to
evaluating the quality, outcomes, and
applicability of previously performed
prediction research in women with
HDPs. Finally, the validated model pre-
dicts an outcome with clear definition
that can be assessed consistently across
settings. The uniformity in outcome
definition between the development
and validation cohorts suggests a low
risk of discrepancies in predictive per-
formance due to outcome assessment.
Some limitations also need to be con-
sidered in the interpretation of these
findings. First, and most importantly,
there might be data quality—related
issues in our data set. Unlike the devel-
opment cohort, which had no missing
data for candidate predictors, SPOT
data had missing values more often
(generally <4.8%, except for BMI at
enrollment). Despite applying data
quality measures, missingness could not
be completely prevented. The impact of
missing values in our validation study
was minimized by applying multiple
imputation, but the actual predictor dis-
tribution might not have been recon-
structed  perfectly.  Although  we
assumed that missing values were miss-
ing at random, it is possible that some
of the missingness might have been
informative because of the data being
collected from electronic  health
records.”” Second, the additional analy-
ses were performed with only small
groups of patients, making it difficult to
draw conclusions from these results.
The next step following this prognos-
tic study is to evaluate whether different
models, such as those recently pub-
lished by Ngwenya et al,'” could better
predict adverse perinatal outcomes.
Future studies should ensure that
there are sufficient data for meaningful
validation,  address  power-related
constraints, and avoid prematurely
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assessing models in settings with poten-
tial case mix and data collection differ-
ences that could impact predictive
performance. Next, if necessary, a new
model for predicting perinatal death
could be developed that stratifies by ges-
tational age or includes gestational age
as a predictor tailored to local settings.
Ideally, such risk prediction models
should be adapted to inform and thus
support clinical decisions about inter-
ventions (or whether or not to inter-
vene) in the clinical course of pregnant
women with HDPs.*° Finally, incorpo-
rating the timing of clinical interven-
tions into (dynamic) models is of great
importance for guiding clinicians, preg-
nant women, and families in determin-
ing whether and when to intervene to
optimize outcomes for both mothers
and children. This also highlights the
importance of standardized, compre-
hensive data collection in clinical set-
tings, for example through the
expanding use of electronic health
record systems. Such standardized data
collection can facilitate these efforts and
support postimplementation evaluation.

Conclusion

The predictive performance of Payne’s
perinatal death model in selected hospi-
tals in Ghana was poor. Given the
importance of clinical decision-making
support for settings where the perinatal
morbidity and mortality burden associ-
ated with HDPs is highest, continued
efforts to validate existing models,
develop new models, and evaluate their
impact after implementation are recom-
mended.
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