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Abstract—The hypertensive disorders of pregnancy are leading causes of maternal mortality and morbidity, especially in
low- and middle-income countries. Early identification of women with preeclampsia and other hypertensive disorders
of pregnancy at high risk of complications will aid in reducing this health burden. The fullPIERS model (Preeclampsia
Integrated Estimate of Risk) was developed for predicting adverse maternal outcomes from preeclampsia using data
from tertiary centers in high-income countries and uses maternal demographics, signs, symptoms, and laboratory tests as
predictors. We aimed to assess the validity of the fullPIERS model in women with the hypertensive disorders of pregnancy
in low-resourced hospital settings. Using miniPIERS data collected on women admitted with hypertensive disorders of
pregnancy between July 2008 and March 2012 in 7 hospitals in 5 low- and middle-income countries, the predicted
probability of developing an adverse maternal outcome was calculated for each woman using the fullPIERS equation.
Missing predictor values were imputed using multivariate imputation by chained equations. The performance of the model
was evaluated for discrimination, calibration, and stratification capacity. Among 757 women with complete predictor
data (complete-case analyses), the fullPIERS model had a good area under the receiver-operating characteristic curve of
0.77 (95% confidence interval, 0.72–0.82) with poor calibration (P<0·001 for the Hosmer–Lemeshow goodness-of-fit
test). Performance as a rule-in tool was moderate (likelihood ratio: 5.9; 95% confidence interval, 4.23–8.35) for women
with ≥30% predicted probability of an adverse outcome. The fullPIERS model may be used in low-resourced setting
hospitals to identify women with hypertensive disorders of pregnancy at high risk of adverse maternal outcomes in need
of immediate interventions.  (Hypertension. 2017;69:705-711. DOI: 10.1161/HYPERTENSIONAHA.116.08706.)
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ypertension during pregnancy is one of the top 3 causes
of maternal morbidity and mortality worldwide.1,2 The
hypertensive disorders of pregnancy (HDPs), which include
preeclampsia, superimposed preeclampsia, gestational hypertension, and chronic hypertension, complicate ≈5% to 10% of
pregnancies.1,3 Maternal complications that result from HDPs
include stroke, eclampsia, and renal dysfunction; and adverse
fetal outcomes include stillbirth, preterm delivery, and cerebral
palsy.4 These severe consequences of the HDPs make them a
global health burden, especially in the low- and middle-income
countries (LMICs) where >90% of HDP-related deaths occur.2,5
To reduce this burden, there is a need to correctly identify
women at high risk of developing adverse outcomes in time
to avoid their occurrence. Accurate risk assessment can aid
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decision making around the management of HDPs, including
timing of delivery, administration of antenatal corticosteroids
for acceleration of fetal pulmonary maturity or Magnesium
sulfate for seizure prophylaxis, and maternal transfer to a
higher level of care.1,3
To facilitate risk stratification and improve the management of HDPs, the fullPIERS model (Preeclampsia Integrated
Estimate of Risk) was developed to predict adverse maternal
outcomes occurring in the 48 hours after hospital admission
with preeclampsia in high-income countries. The adverse outcomes predicted by the model included major organ dysfunction and death.6 The fullPIERS model is based on maternal
demographics, signs, symptoms, and laboratory tests, with
the final model consisting of 6 predictor variables: gestational
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age, chest pain or dyspnoea, oxygen saturation (Spo2), platelet
count, serum creatinine, and serum aspartate aminotransferase
(AST). On internal validation, the fullPIERS model predicted
an adverse maternal outcome within 48 hours of hospital
admission with an area under the receiver-operating characteristic curve (AUC ROC) of 0.88 (95% confidence interval
[CI], 0.84–0.92).6,7 A preliminary external validation using the
PETRA study (Preeclampsia Eclampsia Trial) cohort of highrisk women was also reassuring (AUC ROC: 0.97; 95% CI,
0.94–0.99).8
To ensure the generalizability of the fullPIERS model
before it is implemented into clinical practice to improve
maternal care,9,10 we sought to assess the model’s potential
for use in a LMIC setting where the majority of HDP-related
morbidity and mortality occur. The objective of this study was
to use data from the miniPIERS cohort,11 collected prospectively in LMICs, to assess the broader validity of the fullPIERS model.

Methods
Ethical approval for this validation study was obtained from the
Research Ethics Board of the University of British Columbia (CREB
no: H07-02207). The PIERS projects were undertaken as a consented
research and as a continuous quality improvement project depending
on local ethics committee requirements.6

fullPIERS Cohort (Development Cohort)
The methods and results of the fullPIERS model have been published.6 In brief, the cohort consists of 2023 women diagnosed
with preeclampsia who were admitted into tertiary hospital units,
from September 2003 to January 2010 in 4 well-resourced countries: Canada, New Zealand, Australia, and the United Kingdom.6
Preeclampsia was defined as hypertension and one of proteinuria,
hyperuricemia, or HELLP syndrome (Hemolysis Elevated Liver
enzyme Low Platelet).6 An adverse maternal outcome referred to a
composite of maternal death or morbidity, as determined by Delphi
consensus for the fullPIERS study6 and outlined in Table S1 in the
online-only Data Supplement. Women were excluded if they had
already experienced an adverse maternal outcome before hospital
admission or data collection or if they were admitted in spontaneous labor.

miniPIERS Cohort (Validation Cohort)
The methods and results of the miniPIERS study have been published.11 In brief, the cohort consists of 2081 women who were
admitted to a participating hospital unit with a HDP (ie, preeclampsia, gestational hypertension, or chronic hypertension) and
who had not yet experienced an adverse maternal outcome, from
July 2008 to March 2012 in 5 LMICs: Fiji, Uganda, South Africa,
Brazil, and Pakistan. Preeclampsia was defined as in the fullPIERS
cohort; gestational hypertension was defined as blood pressure
≥140/90 mm Hg (at least one component, twice, ≥4 hours apart,
≥20+0 weeks) without significant proteinuria, and chronic hypertension as blood pressure ≥140/90 mm Hg (at least one component,
twice, ≥4 hours apart, <20+0 weeks’ gestation). Adverse maternal
outcomes were defined as in fullPIERS (Table S1). Women were
excluded from the cohort if they experienced an adverse outcome
before hospital admission or data collection or if they were admitted
in spontaneous labor.
Further details of the development and validation cohorts have
been described elsewhere.6,11

Statistical Analyses
The distribution of patient characteristics in the development (fullPIERS) and validation (miniPIERS) cohorts were compared using χ2
test for nominal data and Mann–Whitney U test for continuous data.

Univariate comparison of patient characteristics between the women
in the validation cohort who experienced an adverse outcome and
those who did not was also performed. A P value <0.05 was considered to be statistically significant.
The fullPIERS logistic regression equation for the prediction of adverse maternal outcomes from preeclampsia: log
it(pi)=2.68+(−5.41×10−2; gestational age at eligibility)+1.23(chest
pain or dyspnea)+(−2.71×10−2; creatinine)+(2.07×10−1; platelets)+(4.00×10−5;
platelets2)+(1.01×10−2;
aspartate
transaminase)+(−3.05×10−6; AST2)+(2.50×10−4; creatinine×platel
et)+(−6.99×10−5; platelet×aspartate transaminase)+(−2.56×10−3;
platelet×Spo2).
Using the worst values (predefined in the model development study
as the highest or lowest where appropriate)7 for the model predictors
recorded within 24 hours of admission to HDP, the fullPIERS equation was applied to the miniPIERS data, and the predicted probability
of adverse outcomes for each individual with complete predictor data
(complete case) was calculated. Before assessing the performance
of the model, the model intercept was updated (baseline adjustment)10 because of the difference in the adverse maternal outcome
rates between the fullPIERS (6.5%) and the miniPIERS population
(12.5%).6,11

Missing Data and Sensitivity Analyses
To be consistent with the fullPIERS study, missing Spo2 values
were imputed with 97%, the population median for women without
adverse outcomes.6
After imputation of missing Spo2 data, complete-case analysis was
used to assess model performance in the validation cohort, meaning
only women with complete predictor data were included. However,
to determine whether any bias in the model performance was present because of missing data, sensitivity analyses were performed using multiple imputations by chained equations to generate plausible
values for the missing variables.12–20 More details on the imputation
technique are given in the online-only Data Supplement.
We also conducted a sensitivity analysis using data of women admitted with only preeclampsia to assess the discriminatory performance of the model in this subgroup.

Performance Evaluation in the Final Validation
Cohort
The performance of the model was evaluated based on discrimination
and calibration ability and stratification accuracy.13,14 Discriminative
ability was assessed using the AUC ROC and was interpreted using
the following criteria: noninformative (AUC≤0.5), poor discrimination (0.5<AUC≤0.7), and good discrimination (AUC>0.7).15
Calibration was assessed by estimating the slope on a calibration plot
of predicted versus observed outcome rates in each decile of predicted
probability.13 Similar to the AUC ROC, a calibration slope of 1 was
interpreted as ideal, >0.5 to <0.7 as poor, and ≤0.5 as noninformative.
Calibration was also assessed based on the fit of the model in the
validation cohort using the Hosmer–Lemeshow goodness-of-fit test,
in which a P value >0·05 signifies a good fit between the model and
data.14 The stratification capacity of the model to classify the women
into low- and high-risk categories was assessed using a classification
table with generated risk groups (defined based on categories established in the model development study).16,17 The true and false positive rates, negative predictive values, and positive predictive values
were computed for each group. The likelihood ratios were calculated
for each group using the Deeks and Altman method for a multicategory diagnostic test.18
All statistical analyses were performed using R version 3.1.3 (The
R Project for Statistical Computing).

Sample Size
Simulation studies recommend at least 100 events and 100 nonevents
for adequate power in validation studies.19 This number of events was
calculated to give 80% power at the 5% significance level. We used
this guideline to determine whether we had adequate statistical power
in our study.
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Results
Description
Of the 2081 women in the miniPIERS cohort, 261 women
(12.5%) developed an adverse maternal outcome(s) within 48
hours of hospital admission with a HDP. Seven hundred and
fifty-seven women (36.4%) women had information for all
variables in the fullPIERS model, and these women were used
for this validation study (complete-case analysis).
Of the 757 complete cases, 109 women (14.4%) had an
adverse maternal outcome(s) within 48 hours of hospital
admission. The most common adverse outcomes encountered
were blood transfusion (52 women), eclampsia (14 women),
and pulmonary edema (18 women). Other notable outcomes
are listed in Table S2. There was no case of maternal death
recorded in the validation data set.
Women in the miniPIERS validation cohort versus the
fullPIERS development cohort were different with regard
to demographics and pregnancy characteristics (ie, slightly
younger, more often parous, and less likely to be a smoker or

have a multiple pregnancy), clinical measures (ie, lower dipstick proteinuria, lower platelet count, and lower creatinine),
interventions (ie, more likely to receive antenatal corticosteroids, antihypertensive therapy, and MgSO4), and outcomes (ie,
shorter admission to delivery interval, higher infant birth weight
but a higher infant mortality before hospital discharge; Table 1).
Within the miniPIERS validation data set, women who
had adverse outcome (versus those who did not) were slightly
younger, were more often nulliparous, and had hypertensive
disorders of greater severity, including higher blood pressure,
more frequent antihypertensive therapy and MgSO4, early
gestational age at delivery, and lower infant birth weight compared with women without an adverse outcome (Table 2).

Data Completeness and Imputation Analysis
Seven hundred and fifty-seven women (36.4%; 568 preeclampsia
and 189 with other HDPs) in the miniPIERS data set had complete fullPIERS variables. All women in the miniPIERS cohort
had data for the gestational age at eligibility and chest pain/dyspnea; missing Spo2 values (1423, 68.3%) were substituted with

Table 1. Maternal Characteristics Within 48 h of Eligibility for the Development (fullPIERS) and
Validation (Complete-Case miniPIERS) Cohorts*
miniPIERS Cohort (Complete
Cases, Validation; 757 Women)

Characteristics

fullPIERS Cohort
(Development; 2023 Women)

P Value†

Demographics and pregnancy characteristics
 Maternal age at EDD, y

28 (24–33)

31 (27–36)

<0.0001

 Parity ≥1

406 (53.6)

581 (28.7)

<0.0001

36.6 (33.1–38.1)

36 (33–38.3)

0.43

 Multiple pregnancy

18 (2.4)

192 (9.5)

<0.0001

 Smoking in this pregnancy

48 (6.3)

249 (12.3)

<0.0001

 Systolic BP, mm Hg

160 (150–170)

160 (150–176)

0.58

 Diastolic BP, mm Hg

100 (100–110)

102 (97.8–110)

0.53

+2 (+1–+3)

+2 (+1–+4)

<0.0001

30 (4.0)

90 (4.4)

0.65

187 (150–231)

192 (150–241.5)

0.04

30 (20–35)

28 (21–41)

0.51

 Corticosteroids

253 (33.4)

550 (27.2)

<0.0001

 Antihypertensive therapy

704 (92.9)

1381 (68.3)

<0.0001

 MgSO4

376 (49.7)

690 (34.1)

<0.0001

 Admission to delivery interval
(gestational age <34 wk), d

1 (1–3)

2 (1–5)

0.0029

 Gestational age at delivery, wk

37.1 (34.4–38.6)

36.9 (34.1–38.6)

0.15

2500 (1896–2433)

2141 (1441–2807)

<0.0001

26 (3.4)

26 (1.3)

<0.0001

 Gestational age at eligibility, wk*

Clinical measures

 Worst dipstick proteinuria
 Chest pain/dyspnea†
 Lowest platelet count (×10 per L)*
9

Highest AST, U/L†
Interventions during admission

Pregnancy outcomes

 Birth weight, g
 Infant death (before discharge)

Values are represented as n (%) or median (interquartile range). AST indicates aspartate aminotransferase; BP, blood pressure;
EDD, estimated date of delivery; fullPIERS, Preeclampsia Integrated Estimate of Risk from high-income countries; MgSO4,
magnesium sulfate; and miniPIERS, Preeclampsia Integrated Estimate of Risk from low- and middle-income countries.
*Variables included in the model.
†P values calculated using χ2 test for categorical variables and Mann–Whitney U test for continuous variables.
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Table 2. Demographics of the 757 Women in the miniPIERS Complete-Case Validation Cohort
According to the Occurrence of the Adverse Maternal Outcomes
Women With an Adverse
Outcome (109 Women)

Women Without an Adverse
Outcome (648 Women)

P Value*

 Maternal age at EDD, y

27 (±5.82)

29 (±6.46)

0.03

 Parity ≥1

46 (42.2)

360 (55.6)

0.01

36.5 (31.3–37.9)

36.6 (33.4–38.2)

0.16

 Multiple pregnancy

1 (0.9)

17 (2.6)

0.49

 Smoking in this pregnancy

4 (3.7)

44 (6.8)

0.29

 Systolic BP, mm Hg

170 (156–190)

151 (145–170)

<0.0001

 Diastolic BP, mm Hg

110 (107–120)

100 (100–110)

<0.0001

+3 (+2–+3)

+2 (+0.5–+3)

0.84

 Corticosteroids

35 (32.1)

218 (33.6)

0.09

 Antihypertensive therapy

106 (97.2)

598 (92.3)

<0.0001

 MgSO4

83 (76.1)

293 (45.2)

<0.0001

1 (1–1)

2 (1–5)

<0.0001

Characteristics
Demographics

 Gestational age at eligibility, wk

Clinical measures (within 24 h of eligibility)

 Worst dipstick proteinuria
Interventions at any time during admission

Pregnancy outcomes
 Admission to delivery interval, d
 Gestational age on delivery, wk
 Birth weight, g
 Infant death before discharge

36.6 (31.3–38.1)

37.1 (34.7–38.1)

<0.0001

2390 (1380–2820)

2500 (1950–3000)

<0.0001

4 (3.7)

22 (3.4)

0.78

Values are represented as n (%) or median (interquartile range). AST indicates aspartate aminotransferase; BP, blood
pressure; EDD, estimated date of delivery; MgSO4, magnesium sulfate; and miniPIERS, Preeclampsia Integrated Estimate of
Risk from low- and middle-income countries.
*P values calculated using χ2 test for categorical variables and Mann–Whitney U for continuous variables.

97% similar to the fullPIERS model development, and multiple
imputations were performed for missing platelet count (1297,
62.3%), serum creatinine (1282, 61.6%), and AST (923, 44.4%).
Imputation of missing values did not seem to alter the model
performance significantly (online-only Data Supplement).

range was the most common (with 23.5% of women). The
majority of women who experienced an adverse outcome in
both cohorts were in the predicted risk category of ≥0.30 (ie,
59% for fullPIERS and 50% for miniPIERS). Thus, the model
classified a greater proportion of women without outcomes

External Validation
Within 48 hours of eligibility, the fullPIERS model predicted
an adverse maternal outcome in the miniPIERS validation
cohort with good discriminative performance as indicated by
an AUC ROC of 0.77 (95% CI, 0.72–0.82; Figure 1). There
was no significant change in the model performance using
only cases with preeclampsia.
Figure 2 shows the calibration plot of the fullPIERS model
when applied to the miniPIERS validation cohort. The calibration performance of the model was poor with a slope of 0.67
and intercept of −0.53, showing underestimation of risk at the
lower risk ranges and overestimation of risks at the high-risk
ranges. The Hosmer–Lemeshow test indicated a poor fit of the
model’s expected outcomes with those observed in the validation cohort (P<0·05).13 Table 3 presents tabular information
about calibration and classification accuracy. In the fullPIERS
development cohort, more women (35%) fell into the predicted
risk category of <1.0% than any other category, whereas in the
miniPIERS complete-case validation cohort, the 5.0% to 9.9%

Figure 1. Receiver-operating characteristic curve for
performance of the fullPIERS model (Preeclampsia Integrated
Estimate of Risk from high-income countries) in predicting
adverse maternal outcome in the miniPIERS (complete case, lowand middle-income countries) cohort within 48 h after admission.
PV indicates predictive value.
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Figure 2. Calibration plot of the fullPIERS model (Preeclampsia
Integrated Estimate of Risk from high-income countries)
performance in the miniPIERS (complete case, low- and middleincome countries) cohort.

into the middle group, indicating lower stratification accuracy for the low-risk groups, although stratification accuracy
remained good for the high-risk group in the validation cohort.
Table 4 presents the negative and positive predictive values and the true and false positive rates for the different risk
groups. Using the highest predicted probability cutoff of
0.30, the category into which most women with adverse outcomes fell, the likelihood ratio was moderate at 5.9 (95% CI,
4.2–8.4), with a positive predictive value of 50% (95% CI,
0.40–0.60). Overall, the negative predictive values remained
high (>90%) across all the risk.

Discussion
Main Findings
We externally validated the fullPIERS model using the miniPIERS cohort of women in low-resourced settings for the
prediction of adverse maternal outcomes related to the HDP
within 48 hours of hospital admission. The model had good
discriminative ability with AUC ROC of 0.77 (95% CI, 0.72–
0.82) within 48 hours of admission, but this was significantly

lower than its original performance in the development cohort
(AUC ROC: 0.88; 95% CI, 0.84–0.92). Despite updating the
model intercept to account for the baseline differences in
adverse outcomes between the development and validation
cohorts, the fullPIERS model had a poor fit in the miniPIERS data set reflected by the poor calibration performance.
However, the fullPIERS model performed moderately as a
rule-in test in the highest probability risk group with likelihood ratio of 5.9 (95% CI, 4.23–8.35).18
The decrease in the discriminative performance of the
model in this study is in contrast with the fullPIERS validation
study by Akkermans et al,8 which reported a high discriminative performance of the model with AUC ROC of 0.97 (95%
CI, 0.94–0.99). The study used the PETRA cohort collected
in the Netherlands, which is similar to the fullPIERS development cohort in that both cohorts were derived from tertiary
centers in high-income settings, with similar management for
women with HDPs. Compared with our validation cohort and
the development cohort, the prevalence of adverse maternal
outcomes in their study was also high (34%).
A possible reason for the decrease in the performance of the
fullPIERS model in our study was the heterogeneity between
the development cohort and our validation cohort. Differences
between the development cohort and our validation cohort
existed in the inclusion criteria, outcome prevalence, data
collection settings (high-resourced versus low-resourced
countries), and predictor distribution such as AST and platelet count (Table 1). Such low- and middle-income settings
as our validation cohort settings are more likely to have more
comorbidity, lower socioeconomic status, less availability of
resources, and differences in disease management compared
with high-income settings (reflected by more cointerventions
and the shorter admission to delivery interval in the validation
cohort shown in Table 1). Such factors may result in case-mix
differences and may also alter the effect of the predictors on the
outcome.2,7 Therefore, the extreme predictions observed in the
calibration slope may have been as a result of differences in the
predictor effects in the validation and development cohorts.10
These factors may have resulted in the reduced performance of
the model.10,13

Table 3. Distribution of Women With and Without an Adverse Maternal Outcome Within 48 h Across
Categories of the Predicted Scores in the Development and Validation Cohorts
No. Women in Range

No. Women With Outcome

fullPIERS Development
Cohort (1935 Women)

miniPIERS CompleteCase Validation Cohort
(757 Women)

fullPIERS Development
Cohort (98 Women)

miniPIERS CompleteCase Validation Cohort
(109 Women)

0–0.99%

671 (34.7)

30 (4.0)

3 (0.4)

2 (6.7)

1.0–2.4%

586 (30.3)

107 (14.1)

11 (1.9)

3 (2.8)

2.5–4.9%

314 (16.2)

140 (18.5)

9 (2.9)

12 (8.6)

5.0–9.9%

160 (8.3)

178 (23.5)

8 (5.0)

8 (4.5)

10.0–19.0%

98 (5.1)

157 (20.9)

14 (14.3)

26 (16.6)

20.0–29.9%

32 (1.7)

47 (6.1)

9 (28.3)

≥30.0%

74 (3.8)

98 (12.9)

44 (59.5)

Prediction Score Range

9 (19.2)
49 (50)

Values are represented as n (%) of women. fullPIERS indicates Preeclampsia Integrated Estimate of Risk from high-income countries;
and miniPIERS, Preeclampsia Integrated Estimate of Risk from low- and middle-income countries.
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Table 4. Risk Stratification Table to Assess the Performance of the fullPIERS Model for Predicting Maternal Outcome at
Varying Predicted Probability Cutoff Values Within 48 h
Prediction Score Range
1.0–2.4%

No. Observed Events/n
in Range, % (95% CI)

LR (95% CI)

NPV, % (95% CI)

PPV, % (95% CI)

True Positive Rate,
% (95% CI)*

False Positive Rate,
% (95% CI)

2.8 (0.96–7.92)

0.17 (0.06–0.53)

93 (0.76–0.99)

15 (0.12–0.18)

98.0 (0.93–0.99)

95.6 (0.94–0.97)

2.5–4.9%

8.6 (4.97–14.38)

0.56 (0.32–0.97)

96 (0.91–0.99)

17 (0.14–0.20)

95.4 (0.89–0.98)

79.6 (0.76–0.83)

5.0–9.9%

4.5 (2.29–8.61)

0.28 (0.14–0.55)

94 (0.90–0.96)

19 (0.16–0.23)

84.4 (0.76–0.90)

59.9 (0.56–0.64)

10.0–29.9%

16.6 (11.56–23.16)

1.23 (0.91–1.67)

95 (0.92–0.96)

28 (0.23–0.33)

77.1 (0.68–0.84)

33.6 (0.30–0.37)

≥30.0%

50.0 (40.29–59.71)

5.9 (4.23–8.35)

91 (0.88–0.93)

50 (0.40–0.60)

45.0 (0.36–0.55)

7.6 (0.06–0.10)

CI indicates confidence interval; fullPIERS, Preeclampsia Integrated Estimate of Risk from high-income countries; LR, likelihood ratio; NPV, negative
predictive value; and PPV, positive predictive value.
*True positive rate (or sensitivity), false positive rate (1-specificity).

Another study by Agrawal and Maitra that assessed the
validity of the fullPIERS model in a low-income setting
reported a high likelihood ratio (17.53) for ruling out adverse
outcomes.21 However, the rate of adverse outcomes (18.3%)
and management of HDPs in their study cohort differed from
the fullPIERS development cohort and our cohort. In addition,
the study was underpowered and did not report AUC ROC.

Strengths
A strength of our study is that this the first study to externally
validate the fullPIERS model in a broader population (in a
low-resourced setting with any HDP) using a fully powered
sample size. Although internal and external validation using
a similar patient cohort are important, validating a model in
a different geographical setting is needed to evaluate the generalizability of the prediction model in other settings with a
more diverse group of patients.10 This external validation
study conducted using data from LMICs is particularly useful
as most of the global burden of mortality and morbidity from
the HDPs is borne by low-resourced settings.
The observed likelihood ratio (5.9) at the highest classification group suggests that the fullPIERS model can be used as
a moderate rule-in tool for adverse outcomes from preeclampsia and other HDPs in low-resourced settings. For clinical
practice in these settings, the recommended predicted probability of 0.3 can also be used as the optimal cutoff point to
guide decisions around the need for immediate interventions.
Half of the women with an adverse outcome fell in this risk
category while the model still maintained a good likelihood
ratio at a low false positive rate (7.6%). This has the added
advantage of focusing limited resources on those who most
need assistance in LMICs.

Limitations
The major limitation of this study is the high proportion of
missing values because the miniPIERS data were not originally collected explicitly for the purpose of this study. Using
only complete-case analysis can lead to biased estimates of the
predictions if the validation subset is not truly representative
of the population at risk.20,22 Imputation of all missing values
did not show any significant change in the model performance.
Therefore, it is unlikely that selection bias contributed significantly to the drop in performance of the fullPIERS model in
the complete-case analysis compared with the development

performance. Even when missing values were excluded, the
complete-case analysis had sufficient power (109 outcomes)
to externally validate the model as recommended by simulation studies.19
Of note, most of the variables were missing because laboratory measurements for preeclampsia and the other HDPs
are usually ordered based on the severity of other clinical
measurements. This clinical management practice reflects the
scarcity of resources in LMIC public hospitals and should
draw attention to the need for lower cost point-of-care laboratory measurement techniques for these important laboratory measures. In the validation cohort, we demonstrated that
there were worse clinical measures and pregnancy outcomes
observed in the women with complete laboratory data compared with those with missing laboratory results (Table S4).
This suggests that clinicians in these settings are able to identify higher risk women based on clinical assessment alone but
that there remains a delay in timely intervention, so women
continue to experience poor outcomes. Reducing the delay
between assessments of laboratory measures and intervening
when indicated should improve these women’s outcomes.

Perspectives
The fullPIERS model showed moderate utility for the prediction of adverse maternal outcomes in women with HDPs in
our validation cohort collected in low-resourced setting hospitals, with some limitations in the lower risk groups. The stratification accuracy and discriminative ability of the fullPIERS
model within the highest risk group makes it a valuable tool to
aid clinicians in the identification of women at highest risk of
adverse outcomes and allow for timely delivery of appropriate interventions such as transfer to a higher level of care for
delivery and administration of antenatal corticosteroids.3 To
determine applicability of the model in other well-resourced
settings, future validation studies using more similar cohorts
to that in which the model was developed are still needed.19,23
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Novelty and Significance
What Is New?

•
•
•

In this article, we have externally validated the fullPIERS model (Preeclampsia Integrated Estimate of Risk from high-income countries) for
predicting maternal adverse outcomes from preeclampsia using data
from multiple settings in low- and middle-income countries.
Our study is adequately powered and shows a moderate prediction performance of the model at the prerecommended predicted probability
cutoff of ≥30%.
We have also assessed the performance of the model after imputation,
which has not been done by the previous studies. Even on imputation of
missing values, the model still identified high-risk women moderately.

What Is Relevant?

•

Hypertension in pregnancy is a major contributor to maternal morbidity
and mortality, especially in low- and middle-income countries. Identify-

ing the women at highest risk of adverse maternal outcome from hypertensive disorders of pregnancy is crucial in the settings to avert severe
complications.

Summary
This study supports the existing literature and provides evidence
that the fullPIERS model might be a useful tool in low-resourced
settings. This finding is important to aid in reducing maternal morbidity and mortality resulting from hypertensive disorders of pregnancy in such areas where these events occur the most.

