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ABSTRACT
Background  Administrative data are frequently used 
to study cardiovascular disease (CVD) risk in women 
with hypertensive disorders of pregnancy (HDP). Little is 
known about the validity of case-finding definitions (CFDs, 
eg, disease classification codes/algorithms) designed to 
identify HDP in administrative databases.
Methods  A systematic review of the literature. We 
searched MEDLINE, Embase, CINAHL, Web of Science 
and grey literature sources for eligible studies. Two 
independent reviewers screened articles for eligibility and 
extracted data. Quality of reporting was assessed using 
checklists; risk of bias was assessed using the Quality 
Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2) 
tool, adapted for administrative studies. Findings were 
summarised descriptively.
Results  Twenty-six studies were included; most (62%) 
validated CFDs for a variety of maternal and/or neonatal 
outcomes. Six studies (24%) reported reference standard 
definitions for all HDP definitions validated; seven reported 
all 2×2 table values for ≥1 CFD or they were calculable. 
Most CFDs (n=83; 58%) identified HDP with high 
specificity (ie, ≥98%); however, sensitivity varied widely 
(3%–100%). CFDs validated for any maternal hypertensive 
disorder had the highest median sensitivity (91%, range: 
15%–97%). Quality of reporting was generally poor, and 
all studies were at unclear or high risk of bias on ≥1 
QUADAS-2 domain.
Conclusions  Even validated CFDs are subject to bias. 
Researchers should choose the CFD(s) that best align 
with their research objective, while considering the 
relative importance of high sensitivity, specificity, negative 
predictive value and/or positive predictive value, and 
important characteristics of the validation studies from 
which they were derived (eg, study prevalence of HDP, 
spectrum of disease studied, methodological rigour, quality 
of reporting and risk of bias). Higher quality validation 
studies on this topic are urgently needed.
PROSPERO registration number  CRD42021239113.

INTRODUCTION
Hypertensive disorders of pregnancy (HDP) 
are multisystemic conditions1 that affect 

5%–10% of all pregnancies.2 Although there 
is no international consensus on what defines 
HDP,3 these conditions can be broadly char-
acterised by elevated blood pressure (BP), 
typically defined as ≥140 mm Hg systolic (sBP) 
and/or ≥90 mm Hg diastolic (dBP), diag-
nosed pre-pregnancy or at <20 weeks’ gesta-
tion (chronic hypertension in pregnancy), at 
≥20 weeks’ gestation (de novo hypertension 
diagnosed during pregnancy; that is, gesta-
tional hypertension (GH), preeclampsia) or 
during the postpartum period (postpartum 
hypertension).

The most common HDP subtypes are 
GH and preeclampsia, with GH the more 
common of the two diagnoses.4 5 In addition 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Little is known about the validity of case-finding 
definitions (CFDs, eg, disease classification codes/
algorithms) designed to identify hypertensive 
disorders of pregnancy (HDP) in administrative 
databases.

WHAT THIS STUDY ADDS
	⇒ We found that most validated CFDs identify HDP 
with high specificity (ie, ≥98%); however, their sen-
sitivity varies widely—especially for those designed 
to identify specific HDP subtypes.

	⇒ Even CFDs with the highest sensitivity and specific-
ity are subject to substantial bias.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Researchers should choose the CFD(s) that best 
aligns with their research objective, while consid-
ering the relative importance of high sensitivity, 
specificity, negative predictive value and/or positive 
predictive value and important characteristics of 
the validation studies from which they were derived 
(eg, study prevalence of HDP, spectrum of disease, 
methodological rigour).
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to distinguishing between GH and preeclampsia subtypes, 
HDPs are often further differentiated based on symptom 
severity and time of diagnosis, specifically: preeclampsia 
with or without severe features, pre-term preeclampsia, 
eclampsia (preeclampsia with seizures), and haemolysis, 
elevated liver enzyme levels and a low platelet count 
(HELLP) syndrome.6 7 Although most women with HDP 
return to their pre-pregnancy (ie, normotensive) state 
during the postpartum period, all women with a history 
of these conditions are at an increased risk for prema-
ture cardiovascular disease (CVD) and CVD-related 
mortality.8–11

Both descriptive (ie, prevalence, incidence) and CVD 
risk estimates for women with a history of HDP are 
frequently derived using administrative healthcare data12 
due to the availability of large sample sizes, long follow-up 
times and relatively little loss to follow-up.13–16 However, 
these data often have less clinical and sociodemographic 
detail than desired, and those that are available are prone 
to error and misclassification, threatening the accuracy 
of research findings.15

The ability to correctly identify women with a history 
of HDP from administrative databases is critical to 
generate accurate estimates of HDP disease burden and 
CVD risk. Indeed, the reliability of descriptive and CVD 
effect estimates could be drastically impacted if there is 
low confidence that HDP exposures have been classified 
correctly. Despite this, little is known about the validity of 
case-finding definitions (CFDs, eg, International Classifi-
cation of Disease (ICD) codes, code combinations) used 
to identify these conditions in healthcare administrative 
databases.

Objective
To systematically identify and summarise available 
evidence on the validity of CFDs in identifying HDP from 
healthcare administrative databases.

METHODS
This review was registered a priori (PROSPERO 
CRD42021239113) and was conducted and reported in 
accordance with Preferred Reporting Items for System-
atic Reviews and Meta-Analyses Diagnostic Test Accuracy 
(PRISMA-DTA) checklists,17 18 adapted for reviews of 
administrative validation studies (online supplemental 
tables 1 and 2). Updates and amendments made to our 
registered protocol are detailed in online supplemental 
2. We use the term women throughout this manuscript; 
however, we recognise that this is a gendered term that 
may not apply to all currently or previously pregnant 
people.

Literature search
An experienced medical information specialist devel-
oped and tested the search strategy through an itera-
tive process in consultation with the primary author. 
The strategy was peer-reviewed by another senior infor-
mation specialist using the Peer Review of Electronic 

Search Strategies (PRESS) Checklist.1 Any suggested 
edits from PRESS were reviewed and incorporated where 
appropriate. Using the multifile option and deduplica-
tion tool in OVID, we searched Ovid MEDLINE ALL, 
including Epub Ahead of Print, In-Process and Other 
Non-Indexed Citations, and Embase Classic+Embase. 
We also searched CINAHL (Ebsco) and Web of Science 
(Core Collection). All searches were performed on 6 
February 2021 and updated on 24 January 2023. Strate-
gies utilised a combination of controlled vocabulary (eg, 
‘Hypertension, Pregnancy-Induced’, ‘International Clas-
sification of Diseases’, ‘Validation Study’) and keywords 
(eg, ‘pre-eclampsia’, ‘classification’, ‘gold standard’). 
Vocabulary and syntax were adjusted across databases. 
There were no language or vocabulary restrictions on 
searches; however, where possible, editorials or letters 
were removed from the results. Records identified by 
searches were downloaded to EndNote V.9.3.3 (Clarivate 
Analytics) and deduplicated. A grey literature search of 
pertinent websites and databases was performed based on 
relevant sites identified in CADTH’s Grey Matters check-
list.2 We also screened included study reference lists and 
articles included in a relevant systematic review.19 ‘Cited 
by’ searches were also conducted in PubMed, Google 
Scholar and Web of Science. Publishing organisations 
were contacted for potentially eligible reports unavailable 
through institutional access. The initial search strategy, 
2023 update and PRISMA Statement literature search 
extension (PRISMA-S) checklist20 are provided in online 
supplemental 2 table 3.

Study eligibility
Eligibility criteria are summarised in online supple-
mental table 4. Briefly, studies were included if authors 
validated the accuracy of ≥1 CFD in identifying any HDP 
in an administrative database. No studies were excluded 
based on quality or outcome(s) reported. To reduce the 
possibility of publication bias, we included data from 
published and grey literature sources and did not exclude 
studies based on language or location of conduct.

Study selection and data extraction
EndNote software (Clarivate Analytics, 2020) was used 
to manage bibliographic records. DistillerSR review soft-
ware (Evidence Partners, 2021) was used to manage data 
screening and extraction.

Titles and abstracts were independently screened in 
for eligibility by three reviewers (AJ, SRD, VT). The full 
text of any record deemed potentially eligible by two 
reviewers was then assessed for full eligibility. All data 
were extracted from included studies in duplicate (AJ, 
SRD) into standardised abstraction forms that were first 
piloted on a small number of articles and revised as neces-
sary prior to full data extraction. Extracted data included: 
study characteristics (author, publication year, country 
of conduct); population characteristics (eg, participant 
age, race); definition of each HDP validated; reference 
standard definition; characteristics of the index CFD (eg, 
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specific disease classification codes/code combinations 
that comprised the definition) and individual measures 
of performance for each CFD reported (ie, 2×2 contin-
gency table values—true positives (TP), true negatives 
(TN), false positives (FP), false negatives (FN)), sensitivity 
(SN), specificity (SP)), positive and negative predictive 
values (PPV and NPV), and any other reported measure 
of agreement. Authors were not contacted to obtain 
missing or unclear information. All disagreements were 
resolved through consensus discussion and, if necessary, 
with the input of senior authors (JED, TC).

Reporting quality and risk of bias assessments
Quality of reporting and risk of bias (ROB) assessments 
were performed on studies in which all 2×2 table values 
for ≥1 CFD were available (ie, reported directly or calcu-
lable) (online supplemental table 5). Quality of reporting 
was assessed using checklists developed for this review; 
ROB assessed using a modified version of the QUADAS-2 
tool. Targeted evaluations of five key biases were also 
completed. All assessments were first piloted on a single 
article by two reviewers (AJ, SRD) and questions revised 
as necessary. The remaining studies were fully assessed by 
the primary author; results were independently reviewed 
for accuracy and consistency by another (SRD). All disa-
greements were resolved through consensus discussion. 
Detailed methods are provided in the online supple-
mental 3B,C and tables 6–9.

Data synthesis
All study findings are presented in tables and figures 
and summarised descriptively. Performance metrics 
and analytic measures of diagnostic accuracy reported 
for all CFDs are summarised separately by type of anal-
ysis (primary, sensitivity or subgroup). Primary analyses 
include CFDs validated as part of a primary outcome/
analysis. Sensitivity analyses include CFDs validated using 
alternate coding strategies. In subgroup analyses, authors 
reported CFD validation statistics separately according to 
participant characteristics.

When not reported, and whenever possible, 2×2 table 
values, validation statistics and kappa coefficients along 
with corresponding 95% exact binomial CIs21 were calcu-
lated if information was missing. When all 2×2 values 
were available, we calculated two measures of HDP prev-
alence for validation cohorts (primary CFDs only): (1) 
prevalence based on the reference standard (pretest or 
‘true’ prevalence) and (2) prevalence based on the index 
CFD (post-test or ‘apparent’ prevalence). We also calcu-
lated prevalence-adjusted PPVs for all estimates reported 
by studies with a pretest prevalence of HDP ≥3% higher 
than would be expected in the general North American 
obstetric population. All calculations were made using 
the ​epi.​tests and ​epi.​kappa functions (epiR package) as 
well as the biconf function (Hmisc package) in RStudio 
(V.1.4.1103, R Foundation for Statistical Computing, 
2021) as well as MedCalc’s Diagnostic Test Evaluation 
Calculator (MedCalc Software, 2022).22

We summarised the SN and SP (95% CIs) of all CFDs 
with a complete set of 2×2 values in forest plots to visu-
ally represent these associations (RevMan V.5.4, The 
Cochrane Collaboration, 2020). Due to high heteroge-
neity with respect to study design, study participants, CFD 
characteristics and reference standards, meta-analyses 
were not performed.

To guide researchers presently pursuing HDP research 
using administrative databases, we summarised the best 
currently available CFDs for HDP (ie, those with an SP 
≥97% in combination with a PPV of ≥70%).

RESULTS
Study characteristics
The literature search yielded 5341 titles and abstracts. 
Thirty records met the eligibility criteria, corresponding 
to a total of 26 unique validation studies (n=3 records23–25 
had four published companion papers26–29) (figure  1). 
Reasons for excluding articles after full-text screening are 
provided in online supplemental table 10.

Of the 26 included validation studies, 25 reported at 
least one validation statistic of interest. Study character-
istics, participant eligibility criteria and sources of study 
funding for these studies are summarised in online 
supplemental tables 11 and 12, respectively.

Nearly half of the 25 studies reporting ≥1 validation 
statistic of interest were conducted in the USA (n=12, 
48%).24 30–41 Of the 13 others, six were conducted in 
Australia,25 42–46 three in Canada47–49 and two each in 
Denmark50 51 and France.23 52 Publication years ranged 
from 1998 to 2021; n=7 (28%) were published within the 
past 5 years. Nineteen studies (76%) included partici-
pants from multiple sites (eg, state-wide population-based 
studies), whereas four studies31 33–35 included participants 
from a single hospital.

Sampling methods used to build validation cohorts 
followed three general approaches (online supplemental 
table 13). The most commonly used approach involved 
selecting all (n=823 34 35 37 39 48 50 51) or a simple/stratified/
multi-stage sample (n=1124 25 36 38 40 42 43 45 47 49 52) of admin-
istrative records for women hospitalised for obstetrical 
delivery during their respective study periods. One study40 
oversampled records with (a) higher rates of hospital 
readmission and (b) caesarean deliveries to increase the 
number of high-risk patients. Four studies37 49–51 included 
all, or a random/stratified sample of, participants 
included in existing research cohorts (Danish National 
Birth Cohort,50 Odense Child Cohort,51 OaK study,49 anti-
depressant safety studies37). Six studies selected records 
for all, or a random sample of, women who were exclu-
sively code positive for HDP (24%31–33 41 44 46).

Only nine studies25 31 35 36 44 46 49–51 were specifically 
designed to validate ≥1 CFD for HDP; most (64%) vali-
dated CFDs for a variety of maternal and/or neonatal 
outcomes. Most studies (n=16, 64%) validated CFDs for 
≥2 HDP definitions; two studies25 35 each validated CFDs 
designed to identify eight different HDP definitions.
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Administrative databases
Included CFDs were validated in 24 unique administrative 
databases (online supplemental table 11). Two studies 
each validated their CFDs in the Medicaid Analytic eXtract 
(MAX),32 37 the Danish National Patient Registry,50 51 the 
Victorian Perinatal Data Collection database42 44 and the 
Canadian Institute for Health Information’s Discharge 
Abstract Database (CIHI-DAD).47 48 Three studies36 38 44 
validated the same CFD in two different databases.

Reference standards
Most studies used medical record review/abstraction 
as their reference standard. Three39 46 48 used informa-
tion obtained from a separate, linked, clinical database/
registry. Seven studies31 32 34 36 38 41 49 reported that ≥1 
physician abstracted and/or reviewed medical charts and 
made a final decision on the HDP diagnosis. In three 
studies,40 43 47 medical records were re-coded by coding 
specialists and re-abstractions compared with HDP codes 
identified in an administrative database.

Only six studies25 31 40 41 49 51 (24%) reported reference 
standard definitions for all HDPs validated. An addi-
tional two studies37 50 only reported reference standard 
definitions for some HDP definitions tested (online 
supplemental table 14). In general, HDPs were defined 
heterogeneously with respect to BP threshold consider-
ations, number of elevated BP measurements required 
for a diagnosis, as well as timing of HDP occurrence. 

Specifically, Luef et al51 defined GH as the onset of 
elevated BP at >22 weeks’ gestation, whereas Roberts 
et al25 and Labgold et al35 defined GH as elevated BP 
diagnosed at >20 weeks’ gestation. Further, Luef et 
al51 reported that ≥3 elevated BP measurements were 
required for a GH diagnosis, whereas Labgold et al35 indi-
cated that two instances of elevated BP were sufficient. 
Finally, Shachkina49 reported that a dBP of ≥90 mm Hg 
alone was sufficient to diagnose preeclampsia, while 
three other studies25 37 41 reported that an sBP ≥140 or 
dBP ≥90 mm Hg was required.

Administrative case-finding definitions
We identified 143 unique CFDs for HDP: 67 reported as 
part of primary analyses (online supplemental table 15), 
29 as part of sensitivity analyses (online supplemental 
table 16) and 47 as part of a subgroup analysis (online 
supplemental table 17). The two most validated CFDs 
were designed to identify preeclampsia (n=36; 25%), 
preeclampsia subtypes (mild, moderate, serious, severe, 
serious, superimposed, unspecified; n=27) and any 
maternal hypertensive disorder (ie, various hypertensive 
conditions in pregnancy, whether diagnosed prior to or 
after 20 weeks’ gestation; n=25). Few CFDs were validated 
for HELLP syndrome (n=6; 4%) and only one CFD each 
was validated for mild or unspecified preeclampsia,31 
moderate to severe preeclampsia52 and serious preec-
lampsia50 (online supplemental figure 1).

Figure 1  Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 flow diagram summarising the 
literature search and selection process. HDP, hypertensive disorders of pregnancy; ICD, International Classification of Disease.
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In eight studies,24 31–33 37 38 44 47 CFDs were 
comprised of ≥1 ICD-9 code; however, most (n=17; 
68%)23–25 34 35 39–43 45 46 48–52 validated CFDs comprised 
solely of ≥1 ICD-10 codes. One study36 used Hospital 
International Classification of Diseases Adapted (HICDA) 
codes to identify HDP cases in a ‘historical’ administrative 
cohort. In four studies,25 42 48 51 the codes that comprised 
validated CFDs were not explicitly reported.

Most studies validated CFDs applied exclusively to a 
hospital discharge abstract for obstetrical delivery (online 
supplemental tables 15–17). However, four23 36 37 50 also 
considered administrative codes recorded during specific 
pregnancy and postpartum periods (ie, 10 months prior 
to and 2 months after delivery; after 140 gestational days; 
within 30 days post-delivery). Three CFDs reported by 
Chomistek et al41 incorporated information about treating 
physician specialty (obstetrics/gynaecology, pathology) 
and two CFDs validated for preeclampsia required a 
minimum of two occurrences of a code (‘claim’) in an 
administrative database to indicate a potential case. 
Goueslard et al52 and Tawfik et al39 validated CFDs using 
infant and maternal records. No studies examined 
the validity of CFDs in identifying HDP in women with 
multiple gestations or for postpartum hypertension.

Participant characteristics
Fourteen studies (56%) reported any participant socio-
demographic information (online supplemental table 
18). Among these, only ten24 25 31 33 35 36 40 41 43 49 provided 
summary statistics for maternal age, though two additional 
studies23 40 reported the age range of eligible participants 
(10–55 years,40 14–50 years23). One study24 reported partici-
pant marital status (69% married) and six24 31–33 35 37 reported 
participants’ medical insurer, two32 37 of which limited inclu-
sion to individuals insured through Medicaid. Only eight 
studies (32%) summarised participant pregnancy and birth 
characteristics, including information about the number/
proportion with risk factors for, and characteristics associ-
ated with, HDP (eg, gestational age, birth weight, preexisting 
hypertension, multiple gestation, previous HDP) (online 
supplemental table 19).

Only 11 studies24 31 33 35–37 39–41 49 50 (44%) reported any 
information about participant race, ethnicity, or national 
origin. In studies that validated ≥1 CFD for HDP as a 
primary aim, black and non-Hispanic black women were 
the most represented racial group (n=2646 participants; 
39%). In studies that validated CFDs for >1 maternal 
morbidity, white and non-Hispanic white women were 
the highest represented racial group (n=4476 partici-
pants), comprising 63% of the total population.

Synthesis of results
Median SP reported for CFDs across all analyses and 
HDP diagnoses were consistently very high at ≥97%. PPV 
estimates were less consistently high, with median esti-
mates ranging from 55% to 96% (online supplemental 
table 20). Median SN varied widely, from 3% for CFDs 
validated for mild to moderate preeclampsia to 91% for 

those validated for any maternal hypertensive disorder. 
In most cases, median SN for CFDs validated as part of 
sensitivity and/or subgroup analyses were higher than 
those reported as part of a primary analysis.

Primary analyses
Validation statistics for the 67 CFDs reported in primary 
analyses are provided in online supplemental table 15. 
Half (n=33) identified HDPs with an SP of ≥99%, while 
just over 60% (n=41) identified these conditions with a 
PPV of ≥70%. Most CFDs were validated for preeclampsia 
(n=15 for any preeclampsia; n=11 for preeclampsia 
subtypes). Those validated for hypertension diagnosed 
during pregnancy had the highest median SN (88%, IQR: 
25%; range: 49%–100%), followed by CFDs validated for 
any maternal hypertensive disorder and preeclampsia 
(73%, IQR: 11%; range: 49%–96% and 73%, IQR: 36%; 
range: 29%–100%, respectively). All 2×2 table values 
were reported, or calculable, for 23 primary CFDs (34%; 
n=7 studies23 35 36 39 49–51). The SN, SP and corresponding 
95% CIs of these ‘comprehensively reported’ CFDs are 
summarised in figure 2A.

As illustrated in figure 2A, comprehensively reported 
primary CFDs identified all HDP diagnoses with very high 
SP. Only one study36 reported an SP estimate of <90% for 
two CFDs validated for GH and preeclampsia. Nearly all 
definitions (n=20, 87%) had a PPV of ≥70%, 13 of which 
had a PPV of >80% in combination with high SP.

Pre-test and post-test prevalence estimates for the 23 
CFDs shown in figure 2A are summarised in table 1. In 
two studies,35 51 the pretest study prevalence of HDP (ie, 
prevalence according to the reference standard) was 
markedly higher than authors reported would have been 
expected in their target obstetrics population. Specif-
ically, Leuf et al51 reported that preeclampsia impacts 
approximately 3% of all pregnancies; however, the true 
prevalence of HDP in their validation cohort was 8%. 
Further, while Labgold et al35 reported that HDP compli-
cates up to 10% of all pregnancies, the true prevalence of 
GH in their validation cohort was 20%, and the true prev-
alence of any maternal hypertensive disorder, 37%. There 
were also marked discrepancies between pretest and post-
test prevalence estimates associated with at least one CFD 
in five studies.35 36 49–51 For example, Klemmensen et al50 
reported a pretest prevalence of 6% for hypertension 
diagnosed during pregnancy; however, according to their 
CFD, the study prevalence of these conditions was 3%. 
In another validation study,35 the true prevalence of mild 
to moderate preeclampsia was 7%, however, according to 
their CFD, the prevalence of preeclampsia was 0.2%.

High study prevalence of HDP had a marked impact on 
PPV estimates reported for several CFDs (online supple-
mental table 21). Specifically, PPVs reported for nine 
CFDs (n=4 studies35 36 39 51) were validated using study 
cohorts with a ≥3% higher study prevalence of HDP than 
would be expected the general North American obstet-
rics population. These estimates were an average of 31% 
higher than their corresponding prevalence-adjusted 
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estimates. In one study, the PPV of a CFD validated 
for preeclampsia36 decreased from 78% to 27% after 
applying a prevalence adjustment.

Sensitivity analyses
Four studies35 37 39 41 validated alternative coding strate-
gies for a total of 29 CFDs (online supplemental table 
16). Although Goueslard et al52 reported exploring alter-
native coding strategies, no results were reported.

The majority of sensitivity analyses were conducted by 
Labgold et al35 (55% of all those reported). Strategies 
reported by this study included testing the validity of CFDs 
that used: (a) standardised coding (using 2020 American 
College of Obstetricians and Gynecologists criteria as the 
reference standard, even if an HDP diagnosis was not 
explicitly recorded in the medical record), (b) severity 
coding (validation parameters for CFDs limited to the 

most severe HDP recorded in the medical record), as well 
as those that (c) excluded unspecified codes for HDP 
(eg, ICD-10 O10.9 ‘unspecified pre-existing hypertension 
complicating pregnancy’).

Only two studies35 39 reported all 2×2 table values for 
the CFDs validated (n=18 CFDs; figure 2B). The SN, SP 
and corresponding 95% CIs of these comprehensively 
reported CFDs are summarised in figure 2B.

Comprehensively reported CFDs validated as part of 
sensitivity analyses identified HDPs with very high SP 
(>94%); however, SN values were quite variable, ranging 
from 3.2% (95% CI: 1.4% to 6.3%) for mild to moderate 
preeclampsia35 to 94.1% (95% CI: 92.7% to 95.3%) 
for any maternal hypertensive disorder35 (figure  2B). 
Compared with those that employed a standardised 
coding approach, SN estimates for CFDs that used severity 

Figure 2  Forest plot showing estimates of sensitivity, specificity and corresponding 95% CIs for 23 administrative 
case-finding definitions (primary analyses—A), 18 administrative case-finding definitions (sensitivity analyses—B) and 6 
administrative case-finding definitions (subgroup analyses—C) for hypertensive disorders of pregnancy (HDP) extracted from 
seven studies reporting all 2×2 contingency table values. Note: Letters in brackets behind each study’s year of publication are 
meant to distinguish between different case-finding definitions reported by the same study. For gestational hypertension and 
preeclampsia Milic, 2018: (A) and (B)=results of their ‘contemporary cohort' and Milic, 2018 (C) and (D)=results of their ‘historic 
cohort’. Unspecified codes=International Classification of Diseases (ICD) codes for HDP that do not fully identify the diagnosis 
(eg, ICD-10-CM O14.90=unspecified pre-eclampsia, unspecified trimester); standardised coding=validation parameters are 
presented for HDP diagnoses that met the American College of Obstetricians and Gynecologists 2020 criteria, regardless 
of whether it was recorded in the medical record; severity coding=validation parameters are presented for the most severe 
recorded hypertensive outcome recorded. BMI, body mass index; FP, false positives, FN, false negatives; HELLP, haemolysis, 
elevated liver enzymes and low platelets syndrome; TP, true positives; TN, true negatives.
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coding were higher for all HDP subtypes with the excep-
tion of HELLP syndrome. One CFD validated by Tawfik 
et al39 identified any maternal hypertensive disorder in 
infant records with very poor SN (15%, 95% CI: 14% to 
15%). Labgold et al35 reported that including unspecified 
codes in CFDs validated for any maternal hypertensive 
disorder improved SN and NPV compared with those 
that excluded these codes; however, SPs and PPVs were 
similar. For more specific HDP diagnoses, the use of 
unspecified codes did not add substantial value.

Subgroup analyses
Five studies25 35 38 50 51 provided validation statistics for 
47 CFDs reported separately according to participant 

characteristics (eg, body mass index (BMI) group, 
prenatal care utilisation, maternal age, smoking status, 
parity, previous HDP diagnosis). Similar to primary and 
sensitivity analyses, the SP with which CFDs identified 
HDP were very high (all >95%) across all participant 
subgroups (online supplemental table 16). However, SNs 
were quite variable, ranging from 3.2% (95% CI: 1.3% to 
6.4%) for a CFD validated for mild to moderate preec-
lampsia in Medicaid-insured women35 to 97.2% (95% CI: 
94.9% to 98.6%) for a CFD validated for any maternal 
hypertensive disorder in women who delivered in 2018.35 
Only one study51 reported all 2×2 table values for ≥1 CFD 
(n=6 comprehensively reported CFDs, figure 2C).

Table 1  Pre-test and post-test prevalence estimates for 23 administrative case-finding definitions for HDP (primary analyses 
only)

Author, year (country)

Author-reported prevalence 
of HDP in target obstetrics 
population

Type of hypertensive disorder 
of pregnancy case definition 
validated*

Pretest
prevalence†

Post-test
prevalence‡

Chantry et al,23 2020
(France)

Not reported Eclampsia 0.1% 0.3%

Klemmensen et al,50 2007
(Denmark)

Prevalence of preeclampsia:
2%–6% of all pregnancies

Any pregnancy-induced hypertension
Gestational hypertension
Preeclampsia
Serious preeclampsia

6%
3%
3%
2%

3%
1%
3%
1%

Luef et al,51 2016
(Denmark)

Prevalence of preeclampsia: 
approximately 3% of all pregnancies

Gestational hypertension
Preeclampsia
Severe preeclampsia

2%
8%
3%

3%
5%
1%

Milic et al,36 2018
(USA)

Not reported Gestational hypertension—historical
Gestational hypertension—contemporary
Preeclampsia—historical
Preeclampsia—contemporary

33%
33%
33%
33%

13%
43%
40%
36%

Tawfik et al,39 2019
(USA)

Not reported Any maternal hypertensive disorder 21% 24%

Labgold et al,35 2021
(USA)

Prevalence of hypertensive disorders 
during pregnancy: up to 10% of all 
pregnancies

Chronic hypertension
Any maternal hypertensive disorder
Gestational hypertension
Superimposed preeclampsia
Mild to moderate preeclampsia
Severe preeclampsia
Eclampsia
HELLP syndrome

10%
37%
20%
3%
7%
9%
0.2%
0.5%

9%
38%
20%
3%
0.2%
5%
0.1%
0.5%

Shachkina,49 2012
(Canada)

Prevalence of hypertension in pregnancy: 
approximately 5% of all pregnancies 
(11% of first pregnancies).
Prevalence of preeclampsia:
3%–10% of all pregnancies§

Any maternal hypertensive disorder
Preeclampsia

9%
4%

7%
1%

Note: Historical refers to the cohort that gave birth between 1976 and 1982; contemporary refers to the cohort that gave birth between 2012 
and 2015.
*Reference standard definitions for each diagnosis validated can be found in the online supplemental table S12.
†Pretest prevalence=prevalence estimate generated according to the reference standard: (TP+FN)/(TP+FP+FN+TN)55; the ‘true’ prevalence of 
HDP in the study.
‡Post-test prevalence=prevalence estimate generated according to the administrative CFD: (TP+FP)/(TP+FP+FN+TN)55; the prevalence of 
HDP in the study according to the case-finding definition.
§Author conducted sample size calculations based on a preeclampsia prevalence of 5%.
CFD, case-finding definition; FN, false negatives; FP, false positives; HDP, hypertensive disorders of pregnancy; TN, true negatives; TP, true 
positives.  on A
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Across HDP subtypes, the SN with which CFDs identi-
fied HDP was lower for multiparous women compared 
with first-time mothers (56% vs 75%50 for preeclampsia; 
58% vs 80%25 for any hypertension diagnosed during 
pregnancy, respectively) (online supplemental table 
17). There were also marked differences in CFD sensi-
tivity based on maternal age (74.7% for women <35 years 
vs 40.2% for women aged ≥35 years),25 smoking status 
(75.4% for non-smokers vs 52.2% for smokers) and 
history of HDP (71.6% for no previous HDP vs 53.8% 
for previous HDP). Further, the SNs with which CFDs 
identified GH and preeclampsia were consistently higher 
for women in lower BMI categories. Specifically, Klem-
mensen et al50 reported their CFD for preeclampsia was 
77% sensitive in identifying the condition in women with 
a BMI <25 kg/m2; however, it was only 53% sensitive in 
identifying preeclampsia in women with a BMI ≥25 kg/
m2. As illustrated in figure 2C, the SNs with which CFDs 
identified women with GH and two preeclampsia subtypes 
were consistently lower for women with a BMI ≥30 kg/m2 
compared with those with a BMI <30 kg/m2.51

Quality of reporting and ROB assessments
No studies cited the use of a published reporting guide-
line (eg, Standards for Reporting of Diagnostic Accuracy 
201553). Further, ≥4 measures of diagnostic accuracy, 
along with corresponding 95% CIs, were reported or 
calculable for just 55% (n=78) of the 143 CFDs validated 

for HDP. Only seven studies23 35 36 39 49–51 reported all 2×2 
table values for ≥1 CFD, or all such values were calculable, 
and were formally assessed for quality of reporting and 
ROB. All other studies (n=1924 25 30–34 37 38 40–48 52) were 
considered of limited overall value due to critically poor 
reporting and were not formally assessed for reporting 
quality or ROB.

The most reported (or calculable) validation statistic 
was PPV (92% of CFDs), followed by SN (81%), SP (73%) 
and NPV (55%). In six studies,31 32 37 38 41 44 only presumed 
cases of HDP identified by ≥1 CFD were checked for accu-
racy against a reference standard, thus, only TP and FP 
values were reported for these CFDs, and only PPVs were 
reported or calculable.

Quality of reporting
Quality of methodology reporting was poor to moderate 
(figure 3A) and the quality of results reporting generally 
poor (figure 3B); however, two studies35 49 were judged 
to be of ‘good’ overall reporting quality, one of which 
was published in 201249 and the other in 2021.49 Study-
specific results are provided in online supplemental 
tables 22 and 23.

ROB and study applicability
The results of targeted bias assessments (spectrum, incor-
poration, prevalence-related, review, selective outcome 
reporting) are presented in online supplemental figure 2. 

Figure 3  Results of the methodology (A) and results (B) reporting quality assessments, as well as the adapted QUADAS-2 
(C), and applicability (D) assessment results for seven studies that reported all 2×2 contingency table values (true positives, 
true negatives, false positives, false negatives) for at least one hypertensive disorder of pregnancy administrative case-finding 
definition.
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Most studies assessed35 36 39 49 50 (n=5; 71%) were judged to 
be at low ROB for selective outcome reporting and incor-
poration bias (n=4; 57%).23 36 49 51 Prevalence-related bias 
was of concern (ie, high ROB) in four studies35 36 39 51 as the 
prevalence of ≥1 HDP in each validation cohort was higher 
than would be expected in the general obstetrics popula-
tion. Four studies23 35 36 39 were also judged to be at risk for 
spectrum bias, as participants were recruited from a high-
risk setting. One unpublished Canadian study49 was judged 
to be at low risk for all biases assessed. Study-specific results 
are provided in online supplemental table 24.

No studies were judged to be at low ROB in all four 
QUADAS-2 domains, though all studies were judged to be 
at low ROB for patient selection (figure 3C). Across the 
other three domains, most were judged to be at unclear 
ROB due to poor study reporting. Three studies23 39 51 
were judged to be at high ROB related to study flow and 
timing concerns; two of which23 51 were also judged to 
be at high ROB due to concerns related to the refer-
ence standard. Domain-specific signalling questions and 
study-specific ROB judgements are summarised in online 
supplemental tables 25 and 26.

There were no concerns that participants with HDP in 
included studies matched our research question; however, 
two studies assessed did not validate CFDs for HDP as a 
primary aim, raising some concern about their direct 
applicability to this review (figure 3D). In one study,39 we 
were unclear about whether the CFDs validated, and/or 
their interpretation by study authors, differed from our 
research question. We were also unclear about whether 
the target condition as defined by the reference stan-
dard met our research question in two studies.23 39 Study-
specific applicability judgements are summarised in 
online supplemental table 27.

Best currently available administrative CFDs for HDP
The characteristics of all CFDs with an SP ≥97%, in combi-
nation with a (reported or prevalence-adjusted) PPV of 
≥70%, along with corresponding study reporting and 
bias assessment judgements, are summarised in table 2. 
These 11 CFDs, which validated eight different HDP defi-
nitions, represent the best currently available CFDs for 
identifying HDP in administrative data. Disease classifica-
tion codes comprising these definitions are summarised 
in online supplemental table 28.

DISCUSSION
We identified and synthesised available evidence on the 
validity of CFDs designed to identify HDP in administra-
tive data. Most validated CFDs were applied exclusively 
to discharge abstracts for delivery hospitalisation, and no 
studies validated CFDs for HDP in women with multiple 
gestations or for a postpartum hypertension diagnosis. 
While SP estimates were consistently very high across all 
validated CFDs, SN estimates varied widely, especially for 
those designed to identify specific HDP subtypes. We also 
found clear evidence that CFDs identify HDP diagnoses 

in women with additional CVD risk factors (eg, elevated 
BMI, multiparity, smokers, previous HDP diagnosis) with 
markedly lower SN compared with women without these 
additional risk factors at the time of delivery. Overall, 
quality of study reporting was poor to moderate, and we 
noted substantial heterogeneity across included studies 
with respect to participant and study design characteris-
tics, reference standard definitions, CFD characteristics, 
and validation statistics reported.

Findings in light of previous research
Ideally, all CFDs validated for HDP would identify these 
conditions with high SN and SP. However, there is always a 
trade-off between these measures such that higher SP will 
usually mean lower SN and vise versa. Our finding that most 
CFDs for HDP had very high SP, but poor to moderate SN, 
is a trade-off consistent with the findings of previous valida-
tion studies reporting on other maternal conditions.25 34 42 
These findings may be explained by a few factors. First, some 
women may only receive a diagnostic code for HDP if an anti-
hypertensive medication is prescribed30 or if they have more 
severe forms of HDP (eg, eclampsia) that have a substantial 
impact on patient management.25 Conversely, conditions 
with more mild features (eg, chronic hypertension in preg-
nancy, GH) may not be documented in hospital discharge 
summaries if they do not impact the current hospital admis-
sion.25 Further, because clinical coders cannot infer diag-
noses, if HDPs are not explicitly recorded in the medical 
record, they are unlikely to be recorded in the administra-
tive record.45 Finally, as noted in a similar review of CFDs for 
non-pregnancy-related hypertension,54 physicians may be 
less likely to bill for HDP management in the presence of ≥1 
comorbid condition.

As highlighted by our ROB and applicability assess-
ments, participant characteristics and sampling strate-
gies were of particular concern across included studies, 
leading us to scrutinise their impact on the validation 
statistics reported. Specifically, few studies randomly 
sampled participants from the general (or an objec-
tively generalisable) obstetric population, which would 
have resulted in pretest prevalence estimates reflective 
of the general obstetrical population (the preferred 
approach).55 Instead, several authors selected participant 
records with at least one ICD code for HDP, and either 
randomly selected records that were code negative for 
HDP or included all women that were code negative for 
HDP but code positive for any number of other maternal 
morbidities (the TN reference). Finally, at least one 
study36 selected an arbitrary ratio of participants with and 
without HDP, resulting in a pretest prevalence of 33% for 
both GH and preeclampsia in their validation cohort.

Given the rarity of certain HDP subtypes, some included 
studies recruited women from high-risk settings (eg, high-
risk hospitals) to increase the likelihood of including partici-
pants with maternal morbidity. While identifying participants 
from these settings allowed authors to examine the validity 
of CFDs for rarer HDP subtypes, this came at the expense of 
falsely inflated PPVs (as illustrated by our prevalence-adjusted 
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PPVs), driven by largely unrealistic pretest HDP prevalence. 
Importantly, CFDs may still perform well under these circum-
stances if the post-test prevalence of disease approximates 
pretest prevalence.55 However, we found that this was not the 
case for a number of CFDs.

Although PPVs and NPVs are directly impacted by 
prevalence, SN and SP may also be indirectly impacted if 
inflated disease prevalence is also accompanied by higher 
than expected disease severity.56 For example, if studies 
validating CFDs for ‘any preeclampsia’ mostly include 
women with severe clinical features, the SN and SP associ-
ated with the resulting CFDs would be artificially inflated 
if applied to more general clinical settings where the 
spectrum of disease may look quite different.14 Unfortu-
nately, we were unable to fully interpret the reliability of 
validation statistics reported across studies, as reporting 
of participant characteristics was poor, and most studies 
failed to provide adequate descriptions of HDP severity, 
or report on additional clinical factors associated with 
HDP severity (eg, participants who experienced a preterm 
birth), for their validation cohorts.57

Choosing the best CFD(s) for HDP
CFDs should always be chosen in light of several important 
considerations, including (1) applicability to available 
data sources,58–60 (2) validation study design and partic-
ipant characteristics, (3) methodological rigour and (4) 
assessments of bias and reporting quality for the studies 
from which they were derived. The relative importance of 
high SN, SP, NPV and/or PPV must also be considered, 
and considerations prioritised based on study objectives. 
Specifically, if the goal is to estimate the overall burden of 
HDP (ie, disease surveillance), CFDs with high SN should 
be prioritised, as this would maximise the number of indi-
viduals identified, generating a more accurate estimate of 
the burden of HDP in the population.54 61 62 However, in 
aetiologic studies, decisions about what validation statistic 
to prioritise may not be as straightforward.50

If researchers investigate the association between HDP 
and CVD and classify HDP as a binary exposure (ie, 
present vs absent), in the presence of non-differential 
misclassification, HDPs identified using a CFD with imper-
fect SN or SP will normally bias effect estimates toward 
the null.50 However, many argue that CFDs with high SP 
and/or PPV should be prioritised in aetiologic studies, 
even at the expense of SN.55 61 62 Specifically, while CFDs 
that identify HDP with low SN will result in a number 
of true cases being missed, reducing statistical power,50 
even in circumstances where the SN is high, low SP can 
also reduce statistical power, leading to overly conserva-
tive effect estimates.42 61 Furthermore, when conditions 
are rare, risk estimates generated in the presence of non-
differential misclassification will be unbiased when SP 
is nearly perfect, even when SN is low.32 However, risk 
differences will be underestimated in such a scenario.32

Notwithstanding the above considerations, researchers 
should note that using CFDs with low SN may result in 
selection bias and lower overall generalisability.63 This is 

an especially important consideration within the context 
of HDP, since many validated CFDs for this clinical popu-
lation identify women with additional CVD risk factors 
(eg, elevated BMI, smokers, previous HDP) with mark-
edly lower SN compared with women without these risk 
factors. Furthermore, even high SN, or near-perfect SP 
in the presence of non-differential misclassification is 
not sufficient to guarantee that CVD risk estimates for 
women with a history of HDP will be accurate or unbi-
ased.49 Indeed, many factors can impact the reliability of 
effect estimates generated using administrative data (eg, 
misclassification of covariates and confounding), and the 
combined effect of all such factors should also be consid-
ered when results are interpreted.49

Although we identified and summarised the best 
currently available CFDs for HDP based on reported/
prevalence-adjusted validation estimates, researchers 
should carefully consider the appropriateness of their 
use—and actual performance—if applied to their own 
data. Importantly, just over half (n=6) of the CFDs 
presented in table  2 and online supplemental table 28 
were validated in a high burden American population 
who delivered at a single hospital.35 Further, all four 
studies35 49–51 from which the CFDs were derived were 
judged to be at unclear or high ROB for ≥1 type of key 
bias and/or QUADAS-2 domain. Ultimately, researchers 
should choose the CFD(s) that best aligns with their 
research objective and population of interest, while also 
considering additional details about study prevalence of 
HDP, quality of reporting and ROB assessment results for 
each of these studies from which CFDs were derived.

Considerations for future administrative validation studies for 
HDP
Higher quality validation studies in this area are urgently 
needed. Specifically, future validation studies for HDP 
should (a) follow best practices in study design, conduct 
and reporting; (b) use appropriate sampling methods to 
ensure that validation cohorts closely reflect their target 
obstetrics population and (c) make use of established 
reporting guidance for administrative validation studies. 
Given increasing evidence about the importance of 
dose–response relationships between HDP severity and 
CVD risk, future validation studies should also focus on 
improving the SN with which specific HDP subtypes are 
identified and validating CFDs for HDP recurrence as 
well as ‘early-’ and ‘late-onset’ HDP.

Strengths and limitations
We used established systematic review methodology 
specifically tailored for use on administrative validation 
studies, registered the review protocol a priori, carried 
out a comprehensive peer-reviewed literature search 
strategy and employed broad eligibility criteria that 
were not restrictive of geography, time or HDP defi-
nition. Although this review was undertaken to inform 
population-based research in Ontario, Canada, because 
we placed no limitation on location of conduct, our 
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findings will also be relevant to researchers in other juris-
dictions. Despite these strengths, our findings should be 
interpreted in the light of important limitations. First, 
our ability to directly compare and pool validation statis-
tics was inhibited by poor reporting of study and partic-
ipant characteristics, heterogeneous CFDs and HDP 
definitions and diagnostic criteria that differed across 
jurisdictions and over time. Second, although we under-
took a comprehensive, peer-reviewed, literature search, 
we may be missing eligible studies that have not been 
indexed in the bibliographic databases we searched. 
Third, we limited thorough assessments of ROB and 
reporting quality to a subset of included studies that 
reported all 2×2 table values for ≥1 CFD of interest or 
reported sufficient information such that those values 
were calculable. While we considered studies that did not 
meet this criterion to be of limited overall value due to 
critically poor reporting, it is possible that these studies 
were methodologically rigorous. However, given (a) the 
reporting recommendation by Benchimol et al14 that 
these values always be reported in administrative valida-
tion studies, (b) that reporting quality can have a substan-
tial impact on a study’s internal and external validity and 
credibility57 64 and (c) these studies were also generally 
poor at reporting other critical information (eg, the ICD 
codes that comprised the CFDs), (d) that it can be very 
difficult to carry out any meaningful quality assessments 
on studies with poor reporting,57 65 (e) that studies were 
not excluded based on reporting quality or ROB and (f) 
that all relevant validation statistics for all CFDs of inter-
ested reported by included studies were extracted and 
reported, we feel it is unlikely that assessment of quality 
or ROB for these studies would have impacted the study’s 
conclusions. Finally, we cannot rule out the possibility 
that CFDs with poor validity remain unpublished and, 
thus, have not been included in this review.

CONCLUSIONS
Validated CFDs identify HDP with high SP; however, 
their SNs vary widely and are especially poor for specific 
HDP diagnoses/subtypes. Critically, researchers should 
be aware that even validated CFDs are subject to bias 
and should choose the CFD(s) that best aligns with their 
research objective(s), while also considering the relative 
importance of high SN, SP, NPV and/or PPV, and impor-
tant characteristics of the validation studies (eg, study 
prevalence of HDP, spectrum of disease, methodological 
rigour, quality of reporting and ROB) from which they 
were derived. Until optimal CFDs for HDP are created, 
researchers are encouraged to use the best currently 
available CFDs summarised in this review, but carefully 
manage expectations about their performance when 
applied to their own data.
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