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Introduction: Hypertensive disorders of pregnancy represent a leading cause of
maternal and perinatal morbidity and mortality worldwide. However, prevalence
estimates of preeclampsia, eclampsia, and HELLP syndrome vary considerably
across studies and regions.

Objective: To determine the global prevalence of preeclampsia, eclampsia, and
HELLP (Hemolysis, Elevated Liver enzymes, and Low Platelet count) syndrome,
analyze their geographical distribution, and evaluate temporal and
methodological trends.

Methodology: A systematic review with meta-analysis was conducted.
SCOPUS, Web of Science, PubMed, and EMBASE databases were searched
through May 2025. Observational studies reporting prevalence data using
standardized diagnostic criteria were included. Prevalences were pooled using
a random-effects model with Freeman-Tukey double arcsine transformation.
Subgroup analyses by diagnostic criteria and countries and meta-regressions
by publication year and sample size were performed.

Results: Seventy studies on preeclampsia (2,465,570 participants), 21 on
eclampsia (9,782,257 participants), and nine on HELLP syndrome (133,611
participants) were analyzed. The global prevalence of preeclampsia was 4.43
(95% ClI: 3.73-5.20), with significant differences between ACOG (4.68%) and
ISSHP (3.66%) criteria. For eclampsia, the prevalence was 0.43% (95% ClI:
0.19%-0.76%), while the estimate for HELLP syndrome is 0.39% (95% CI:
0.16%—-0.72%), which must be interpreted with considerable caution as it is
derived from a limited pool of only nine studies. Marked regional disparities
were identified, with higher prevalences in low-income countries. Meta-
regression for preeclampsia revealed a non-significant increasing trend over
time (p=0.23) and a significant inverse correlation with sample size
(p<0.01). For eclampsia, neither the temporal trend (p=0.68) nor the
association with sample size (p = 0.65) was statistically significant.
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Conclusions: Hypertensive disorders of pregnancy affect 4.43% (95% Cl: 3.73%—
5.20%) of pregnancies globally for preeclampsia, 0.43% (95% Cl: 0.19%-0.76%)
for eclampsia, and 0.39% (95% ClI: 0.16%-0.72%) for HELLP syndrome, with
considerable variations according to regions and diagnostic criteria. The
upward trend underscores the need to strengthen epidemiological surveillance
systems and preventive programs, especially in high-prevalence areas.
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Preeclampsia is a hypertensive disorder that occurs during
pregnancy, characterized by the onset of hypertension and signs
of end-organ damage after 20 weeks of gestation in previously
normotensive women (1). It is estimated to affect between 2%
and 8% of all pregnancies worldwide, making it one of the
leading causes of maternal and perinatal morbidity and
mortality (2).

The global burden of preeclampsia is not uniform, with its
prevalence varying significantly due to an interplay between
population-level risk factors and health system capacity (2).
Epidemiological data show that in low- and middle-income
countries, limited access to high-quality prenatal care can delay
diagnosis, increasing the risk of severe complications (3).
Concurrently, demographic trends such as advanced maternal
age and a rising prevalence of obesity, alongside comorbidities
like chronic hypertension and diabetes, are established risk
factors that contribute to the increasing incidence of this
condition globally (4, 5). The heterogeneous distribution of
these risk profiles and the disparities in healthcare infrastructure
are fundamental drivers of the variations observed in prevalence
rates across different regions.

The clinical consequences of preeclampsia extend far beyond
the gestational period, posing significant long-term health risks.
For the mother, a history of preeclampsia is a potent risk factor
for future cardiovascular events, including chronic hypertension,
ischemic heart disease, and stroke. For the offspring, exposure
to preeclampsia in utero has been associated with adverse
neurological and metabolic sequelae later in life (3, 6, 7). In the
short term, progression to eclampsia or the development of
HELLP syndrome represents an immediate threat to both
maternal and fetal life. Therefore, prevention, timely diagnosis,
and appropriate management remain priority objectives in
obstetric care (1).

In this context, having precise and updated estimates of
preeclampsia’s global prevalence is essential for designing
effective public health interventions. While previous systematic
reviews have provided foundational global estimates, rapid shifts
in risk factor prevalence and diagnostic practices necessitate an
updated synthesis. Significant heterogeneity in published data
persists, and a comprehensive analysis examining how
methodological factors influence prevalence has been lacking. In
particular, the between international

divergence major
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guidelines, such as those from the American College of
(ACOG) (8) and the
the Study of Hypertension in

Obstetricians and  Gynecologists
International Society for
Pregnancy (ISSHP) (9),

heterogeneity. Hence, this systematic review and meta-analysis

contributes significantly to this
aims to synthesize published data, identify knowledge gaps, and
guide health policymakers with robust, evidence-based insights.

Study design

This work was conceived as a systematic review with a meta-
analysis of studies that evaluated the prevalence of preeclampsia,
eclampsia, or HELLP syndrome in different geographical and
population contexts. For the development of the protocol and
subsequent execution of the review, the guidelines of the
PRISMA Statement (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) were followed, making relevant
adaptations as this is a prevalence review (10). In this regard,
specific methodological guidelines recommended for systematic
reviews of observational studies reporting prevalence data were
considered, such as those proposed by Munn et al. (11).

Search strategy

Following the methodological recommendations of the
Cochrane Collaboration for systematic reviews (12), a search
designed to identify
prevalence of the diseases above through May 2025. To this end,
the databases SCOPUS, Web of Science (WOS, including the
SciELO catalog), PubMed, and EMBASE were consulted,
selected for their broad coverage of scientific literature, and for

strategy was studies reporting the

being suggested sources in these guidelines for high-quality
systematic reviews.

To cover the topic of interest, the main keywords
“Preeclampsia,” “Eclampsia,” or “HELLP,” and “prevalence”
were used, combining them with Boolean operators (AND, OR)
as appropriate. When applicable, both free terms and controlled
terms (e.g., MeSH in PubMed and Emtree in EMBASE) were

employed to maximize the retrieval of relevant studies. The
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detailed search strategy, including specific equations and applied
limits, is presented in

Selection criteria

Observational studies that provided specific data on the events’
prevalence were included, regardless of whether their samples
were selected using probabilistic or non-probabilistic methods.
Both cross-sectional and cohort studies were considered eligible,
provided they supplied clear epidemiological information on the
condition’s prevalence at the time of evaluation.

To ensure the validity and comparability of data, selected
studies were required to employ standardized and
internationally recognized diagnostic criteria for preeclampsia,
eclampsia, and HELLP syndrome. ACOG criteria (8) define
preeclampsia as systolic blood pressure >140 mmHg or diastolic
blood pressure >90 mmHg on two occasions at least 4 h apart
after 20 weeks of gestation in previously normotensive women,
accompanied by proteinuria (>300 mg per 24-h urine collection)
or, in the absence of proteinuria, new-onset hypertension with
severe features including thrombocytopenia, impaired liver
function, renal insufficiency, pulmonary edema, or cerebral/
ISSHP

preeclampsia as de novo hypertension (>140/90 mmHg) arising

visual disturbances. criteria  (9) similarly define
after 20 weeks of gestation combined with proteinuria, maternal
organ dysfunction, or uteroplacental dysfunction. Eclampsia was
defined as the occurrence of seizures that cannot be attributed
to other causes in women with preeclampsia. HELLP syndrome
was characterized by the triad of hemolysis, elevated liver
enzymes, and low platelet count, with specific laboratory
thresholds defined according to the respective classification
systems employed by each study. Studies using ICD-9 or ICD-10
codes were included when these corresponded to the clinical
definitions described above (13). No restrictions were imposed
regarding language or publication date, provided the articles
presented quantifiable

and methodologically appropriate

information on the prevalence of preeclampsia.

Study selection process

After completing the bibliographic search in the selected
databases, all identified records were imported into the Rayyan
platform, an online tool that facilitates the articles’ screening
and selection process. Two reviewers (JJBC and LAMVS)
independently evaluated titles and abstracts with Rayyan’s
blinding feature active. Blinding was removed only after both
reviewers had completed this initial screening phase, allowing
for the
of discrepancies.

comparison of decisions and the identification

When disagreements about the inclusion or exclusion of a
study arose, they were first resolved through discussion to reach
a consensus. In cases where a consensus could not be reached, a
third researcher (VJVP) was consulted to issue the definitive
ruling. This systematic procedure ensured a comprehensive and

Frontiers in

10.3389/frph.2025.1706009

transparent literature review, thus reducing the risk of

selection bias.

Data extraction and qualitative analysis

Following the selection process, articles that met the inclusion
criteria were entered into a template designed in Microsoft Excel
2023. Two reviewers (VJVP and JALC) independently extracted
relevant information from each study, using a standardized
recording sheet to ensure the collected data’s consistency and
comprehensiveness. In case of discrepancies between reviewers,
a joint discussion was held until consensus was achieved. If
consensus could not be reached, a third reviewer (CIGDC)
provided the final resolution.

The extracted data encompassed details on the methodological
characteristics and results of each investigation, including author
(s) and year of publication, Latin American country or countries
contemplated, type of study and data collection period, sample
size, and demographic characteristics (e.g., population age),
sampling method employed, diagnostic criteria used for
preeclampsia, as well as the reported prevalence and main
findings related to the variable of interest. Based on this
information, a descriptive qualitative analysis of the
characteristics of the selected studies was conducted to identify

patterns, limitations, and possible sources of heterogeneity.

Assessment of risk of bias

(LAMVS and FEZM)
examined the risk of bias in all studies that met the inclusion

Two investigators independently
criteria in this systematic review. The tool proposed by Munn
et al. (11),

prevalence, was employed due to its relevance in systematic

specifically designed for research reporting

reviews and wide acceptance as a standard for
methodological evaluation.

This tool covers ten key aspects of the methodology of
prevalence studies, such as the representativeness of the sample
about the population of interest, the suitability of the sampling
frame and method, the procedure for selecting participants,
minimization of non-response, direct data collection from the
subjects studied, clarity of case definition, reliability and validity
of measurement instruments, uniformity in the way information
is collected, adequacy of the prevalence period, and
appropriateness of the denominator used.

For each of these criteria, reviewers classified the risk of bias as
“Low risk,” “High risk,” or “Unclear.” To quantify methodological
quality globally, one point was awarded for each criterion
Thus, three

established to categorize the level of bias: studies with 0-3

evaluated as “Low risk.” score ranges were
points were considered high risk, those with 4-6 points
moderate risk, and those that reached 7-10 points were
classified as low risk of bias. In case of disagreement between

the two reviewers, a third researcher (JJBC) was consulted to
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issue a final determination, guaranteeing the evaluation process’s
transparency and rigor.

Statistical analysis

The statistical software R (version 4.2.2) was used for the
quantitative synthesis of results. First, the necessary data for the
prevalence meta-analysis were extracted from each study: the
total sample size (n) and the number of cases (r). The
combination of proportions was carried out using the meta prop
function of the meta package, employing the Freeman-Tukey
double arcsine transformation to stabilize the variances of the
proportions before their analysis.

The Clopper-Pearson method was used to calculate the 95%
confidence intervals, which generate exact intervals for
proportions. Due to the heterogeneity anticipated among studies
—attributable

diagnostic methods, and other contextual factors—a random-

to differences in population characteristics,
effects model was chosen following the DerSimonian and Laird
approach, incorporating the Hartung-Knapp correction to adjust
the confidence intervals of the effect measure.

The assessment of variability between studies was performed
using the I” heterogeneity statistic and Cochran’s Q test. The
overall results of the meta-analysis and their respective confidence
intervals were represented in forest plots. Additionally, subgroup
analyses were conducted by stratifying results according to the
diagnostic criteria used and by country, allowing for the
examination of variability in estimates across different contexts.

Heterogeneity assessment and management was conducted
using multiple approaches. Between-study heterogeneity was
quantified using the I’ statistic and assessed for statistical
significance using Cochran’s Q test. Given the anticipated
substantial heterogeneity due to differences in populations,
healthcare
methodologies, we employed random-effects models using the

systems,  diagnostic  practices, and  study

DerSimonian and Laird method with Hartung-Knapp
adjustment. To explore sources of heterogeneity, we conducted
pre-planned subgroup analyses stratified by diagnostic criteria
and geographic regions, and performed meta-regression analyses
examining the influence of publication year and sample size.

Publication bias was assessed by visual inspection of funnel
plot asymmetry and formally using Egger’s regression test. We
acknowledge a priori that these methods have low statistical
power and are unreliable when fewer than 10 studies are
included in a meta-analysis. Therefore, formal testing for
publication bias was planned only for analyses
this threshold.

meeting

Selection of articles

The systematic search yielded 24,936 potentially relevant

records. After removing duplicates, 10,692 records were
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screened, of which 10,451 were excluded. A full-text assessment
of the remaining 241 articles led to the additional exclusion of
158 studies. Finally, 76 studies met the inclusion criteria for
qualitative synthesis (14-89) ( ).

Characteristics of the studies

The final selected studies cover a broad period, ranging from
the early 2000s to 2024 or 2025 ( ).
Collectively, they encompass diverse geographical contexts,
including countries from the Americas (United States, Canada,
Brazil, Argentina, Ecuador, Colombia, Uruguay, Peru,
Netherlands,

Switzerland, Sweden, France, Poland, Italy, Denmark), Asia

Venezuela, among others), Europe (Norway,
(China, Japan, South Korea, India, Pakistan, Taiwan, Malaysia,
Mongolia, Iran), Africa (South Africa, Ethiopia, Algeria, Togo,
Nigeria, Ghana, Tanzania), and Oceania (Australia, New Zealand).

Regarding study design, the majority employed a cross-
sectional design, while a smaller group used cohort designs.
A substantial number of these studies utilized hospital registry
databases or national health systems, which explains the wide
variability in sample size, ranging from a hundred participants
(e.g., Anjum et al., with 100 pregnant women) (76) to samples
exceeding one million pregnancies (e.g., Olié et al. and Lailler
et al., with more than 6 and 2 million respectively) (64, 87).
This allows for exploring population trends and evaluating more
specific contexts, where clinical details and complementary
indicators are examined in depth.

Concerning the type of sampling, a mixed distribution
between probabilistic and non-probabilistic was found. Many of
the studies based on official birth registries tend to employ
exhaustive or representative sampling of a region or country,
such as those by Wheeler et al. (75) in the United States, Tejera
et al. ( ). In

contrast, some studies were conducted in referral hospitals or

) in Ecuador, or Huang et al. in Denmark (

specific health centers, where recruitment was carried out
consecutively or by convenience, such as those by Chamyan
et al. (70) in Uruguay, Labarca et al. (
Ybaseta-Medina et al. in Peru (61).

Most studies focused on singleton pregnancies, frequently

) in Venezuela, and

excluding multiple gestations or cases with chronic hypertension
and/or diabetes before 20 weeks, which aims to isolate the
prevalence of preeclampsia better. However, in some broader
studies, inclusion restrictions were minimal, virtually collecting
)—finally, data
regarding maternal age evidence a varied range. In many cases,

all deliveries registered in a given period (22,

the average is around the second half of the 20s (29, ),
although in others it rises to 35 years (88, 90). Some studies do
not specify the mean age or present only broad inclusion intervals.

Regarding the diagnostic criteria for hypertensive disorders of
pregnancy, the most frequently employed were those established
by ACOG (14-16, 19, 25, 28, 29, 32-36, 38, 39, 41, 43, 45, 53,

, 70, 76=78, 89) and ISSHP (17, 20-22, 24, 26, 30, 31, 36, 37,

> > > > > > > > > > > > > >

). Less often, some authors used the classification of the
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3 (n =76) Study design inappropriate for prevalence
% assessment (n=24)
= [ Significant methodological issues or
l incomplete reporting (n=15)
— Studies included in quantitative
synthesis (meta-analysis)
e Preeclampsia (n = 69)
e Eclampsia (n =21)
e Hellp syndrome (n = 10)
FIGURE 1
Flowchart of study selection.

National High Blood Pressure Education Program (NHBPEP) (18,
69) or the International Classification of Diseases codes (ICD-9
and ICD-10) (23, 40, 68, 87), primarily employed in research
based on hospital or administrative records.

Concerning bias analysis, it was found that the vast majority of
studies obtained scores in the range of 7-8, thus placing them in
the low risk of bias category. Only a few works reached 6
(moderate) values, and none were classified with lower scores.
Likewise, observed that studies with probabilistic
sampling tended to score higher systematically (14, 16, 18,
25-29, 31-35, 40, 47, 49, 50, 52-54, 58-60, 64, 65, 72, 74,

it was

Frontiers in Reproductive Health

76-78, 81-84, 87, 88), thanks to the extra point awarded for
that characteristic.

Studies employing probabilistic sampling methods (14, 16, 18,
25-29, 31-35, 40, 47, 49, 50, 52-54, 58-60, 64, 65, 72, 74, 76-78,
81-84, 87, 88) systematically achieved higher scores compared to
those using non-probabilistic approaches, with probabilistic
studies predominantly scoring 8 points due to enhanced
These probabilistic  studies
registry-based

population  representativeness.

included large national investigations from
developed countries such as Denmark, France, Sweden, and

Norway, as well as community-based surveys from developing

frontiersin.org
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nations including Ethiopia, Togo, and Ghana. Non-probabilistic

studies were primarily hospital-based or clinic-based
investigations, which typically scored 7 points despite their more
limited generalizability.

The most common methodological strengths identified across
studies included clear case definitions using standardized
diagnostic criteria, appropriate data collection procedures, and
adequate sample sizes for prevalence estimation. Common
limitations were related to sampling frame representativeness,
particularly among hospital-based studies that may overrepresent
high-risk populations, and potential non-response bias in studies
lacking detailed participation rate reporting. Individual study
and detailed

Supplementary Materials 2, 10.

bias assessments scoring are provided in

Meta-analysis and meta-regression of
global preeclampsia prevalence

In the global meta-analysis (Table 1; Supplementary Material
3), which included a total of 70 studies with 2,465,570
participants, a preeclampsia prevalence of 4.43% (95% CIL:
3.73%-5.20%) was obtained under a random-effects model, with
an I” value of 100% (14, 15, 17-42, 44, 45, 47-55, 57=72, 74-84,
87-89). When examining subgroups according to diagnostic
criteria, the ACOG group (26 studies, 2,106,907 participants)
reached a combined prevalence of 4.6% (95% CI: 3.5%-5.9%)
(14, 15, 19, 25, 28, 29, 32-36, 38, 39, 41, 45, 51, 57, 59, 61-63,
70, 76-78, 89). In the ISSHP subgroup (33 studies, 14,132,535
participants), the estimate was 3.7% (95% CIL: 2.9%-4.6%) (17,
20-22, 24, 26, 30, 31, 37, 42, 44, 46-50, 52-56, 58, 60, 64-66,
66, 67, 71, 72, 74, 79-84). The test for differences between
subgroups (p<0.01) demonstrated significant heterogeneity
when to the type of

comparing prevalences according

diagnostic criteria.

10.3389/frph.2025.1706009

When the prevalence of preeclampsia is represented on a
world map (Figure 2), the geographical variation of the disease
among countries included in the review becomes evident. The
map shows higher prevalence values in countries such as Peru
(61), Tanzania (88), and some located in sub-Saharan Africa
(17, 26, 29, 30, 67, 81, 82, 88), where they exceed even 10%. For

a detailed breakdown of estimates by country, see
Supplementary Material 6.
The meta-regression analysis examining preeclampsia

prevalence across 69 studies found no statistically significant
temporal trend related to publication year (coefficient =0.0022,
p=0.2308). When the
sample size and prevalence estimates, a negative association
was  detected that approached significance
(coefficient = —0.0036, p =0.0524), that
studies tended to report higher preeclampsia prevalence rates
(Figure 3).

examining relationship  between
statistical

suggesting smaller

Meta-analysis and meta-regression of
global eclampsia prevalence

This meta-analysis on eclampsia includes 21 studies with
9,832,311 participants (Table 1; Supplementary Material 4),
showing a global prevalence of 0.43% (95% CI: 0.19%-0.76%)
under random effects, with extremely high heterogeneity
(2 =100%) (14, 16, 17, 19, 38, 39, 41-43, 46, 53, 60, 64, 67-70,
72, 79, 85, 86). Results vary significantly according to diagnostic
criteria, such as ACOG (0.3%) (16, 19, 38, 39, 42, 43, 53, 57, 70)
and ISSHP (0.54%) (17, 46, 60, 64, 67, 72, 79, 85, 86, 91).

In the updated synthesis by country, Pakistan had the highest
point estimate (2.02%); however, this result is highly uncertain, as
reflected by an extremely wide confidence interval (95% CI:
0.00%-48.84%), and should be interpreted with caution (85).
This was followed by high rates in Nepal (1.77%) (46, 56, 73),

TABLE 1 Global prevalence of preeclampsia, eclampsia, and HELLP syndrome.

Criteria diagnosis

Preeclampsia ACOG 26
ISSHP 35
ICD-9 1
NMBR 1
ICD-10 3
NHBPEDP 2
USPSTF 1
WHO 1
Global 70
Eclampsia ACOG 10
ISSHP 10
ICD-10 1
Global 21
HELLP Syndrome ACOG 1
ISSHP 8
Global 9

Number of studies

Prevalence (%) (95% Cl)

Total
2,106,907 468 (3.51-6.01) 100%
14,132,535 3.66 (2.82-4.61) 100%
29,398 3.83 (3.75-3.84) -
28,192 5.29 (4.99-5.51) 100%
397,658 3.34 (1.97-5.07) -
7,463 6.52 (0.001-92.92) 100%
3,695,019 8.12 (7.79-7.85)
138 14.94 (9.37-21.70)
24,655,710 4.43 (3.73-5.20) 100%
423,859 0.30 (0.09-0.61) 100%
8,914,407 0.59 (0.12-1.41) 100%
494,045 0.25 (0.23-0.26) -
9,832,311 0.43 (0.19-0.76) 100%
2,446 0.16 (0.05-0.43) 96%
6,412,285 0.42 (0.16-0.82) -
6,414,731 0.39 (0.16-0.72) 96%

ACOG, American college of obstetricians and gynecologists; ISSHP, international society for the study of hypertension in pregnancy; NHBPEP, national high blood pressure education
program; ICD-9, international classification of diseases, 9th revision; USPSTF, United States preventive services task force; ICD-10, international classification of diseases, 10th Revision;

NMBR, national maternal birth registry; WHO, World Health Organization.

Bold values indicate the global pooled results (total population and overall prevalence) for each condition.
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FIGURE 2

World map of the prevalence of preeclampsia (top), eclampsia (middle) and hellp syndrome (bottom). World maps showing global distribution of
hypertensive disorders of pregnancy by country. Green shading intensity represents prevalence percentage as indicated in the legend. Grey areas
indicate countries with no available data from included studies.
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FIGURE 3
Meta-regression of the prevalence of preeclampsia by year (top) and sample size (bottom).

Egypt (1.15%) (43), and Venezuela (1.23%) (38). Other countries
showed intermediate values, such as Uruguay (0.31%) (70),
Ecuador (0.25%) (68), and Iran (0.60%) (42), while the
combined proportion in the United States was close to 0.11%
(19). Lower estimates were observed in countries like Denmark
and Argentina (0.17%) (39). For a detailed breakdown of
estimates by country, see Supplementary Material 6.

The meta-regression analysis of 20 studies on
eclampsia  prevalence found no statistically significant
association ~ with  publication year  (coefficient =0.0007,
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p=0.6871). Similarly, no significant association was detected
between sample size and prevalence
(coefficient = —0.0023, p = 0.6583) (Figure 4).

estimates

Meta-analysis and meta-regression of
global HELLP syndrome prevalence

In the global meta-analysis of HELLP syndrome (Table 1;
Supplementary Material 5), which encompassed nine studies and
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a total of 6,414,731 participants, a combined prevalence of 0.37%
(95% CI: 0.15%-0.69%) was obtained under a random-effects
model (*=96%, p<0.01) (17, 28, 53, 56, 60, 64, 73, 79, 85).
When stratified by diagnostic criteria, the ISSHP subgroup
included nine studies (6,412,285 participants) and reached a
prevalence of 0.42% (95% CI: 0.16%-0.82%) (17, 28, 53, 56, 60,
73, 79, 85), while the ACOG subgroup, represented by a single
study (2,446 participants), recorded 0.16% (95% CI: 0.05%-
0.43%) (28). The test for differences between subgroups

Frontiers in Reproductive Health

(p=0.17) did not show significant variations in the prevalence
estimate according to the criteria used.

Data on HELLP syndrome were more limited, as only a small
number of countries had available estimates. Among them,
Indonesia presented the highest proportion, with 1.55% (95%
CIL: 0.81-2.51) (79), followed closely by South Africa (0.80%;
95% CI 0.65-0.97) (17) and Brazil (0.52%; 0.17-1.02) (14, 53,
57). For more detail, refer to the table on eclampsia in

Supplementary Material 6.
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For HELLP syndrome, the meta-regression analysis did not
detect a significant temporal trend across publication years
(coefficient = —0.0015, p=0.4588). The explained
29.90% of the heterogeneity between studies (R*=29.90%),
with  substantial  residual  heterogeneity  remaining
(I’=95.67%, p<0.0001). When examining the relationship
between sample size and prevalence estimates, no significant
association was detected (coefficient=—0.0006, p=0.9437)

(Figure 5).

model

10.3389/frph.2025.1706009

Regional patterns and geographic
disparities

Regional synthesis across all hypertensive disorders revealed
consistent patterns of geographic disparities. For preeclampsia,
the highest
prevalences, with Tanzania reporting 14.49% (95% CI: 9.08%-
21.49%) and South Africa 9.31% (95% CI: 8.79%-9.86%), while
Latin American countries such as Peru 13.01% (95% CI: 9.07%-

sub-Saharan African countries demonstrated
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17.86%) and Venezuela 9.19% (95% CI: 7.30%-11.38%) also
showed elevated rates. Similarly, eclampsia prevalences were
highest in South Asian and sub-Saharan African regions, with
Pakistan leading at 2.02% (95% CI: 0.00%-48.84%), followed by
Nepal 1.77% (95% CIL: 1.57%-1.98%) and South Africa 1.36%
(95% CI: 1.15%-1.57%). For HELLP syndrome, Indonesia
presented the highest prevalence at 1.55% (95% CI: 0.81%-
2.51%), followed by South Africa 0.80% (95% CI: 0.65%-0.97%)
and Brazil 0.52% (95% CI: 0.17%-1.02%). In contrast, European
and other high-income countries consistently reported lower
prevalences across all three conditions, exemplified by
Denmark’s eclampsia rate of 0.03% (95% CI: 0.03%-0.03%),
Poland’s preeclampsia rate of 1.40% (95% CI: 0.82%-2.24%),
and France’s HELLP syndrome rate of 0.20% (95% CI: 0.20%—
0.20%). These consistent patterns reflect underlying differences
in healthcare infrastructure, access to quality prenatal care, and
socioeconomic determinants of maternal health across global
(detailed data
).

regions country-specific in

Assessment of publication bias

Funnel plot analysis was conducted to evaluate potential

publication bias across the three hypertensive disorders
( -9). For preeclampsia studies
(n=70), the funnel plot showed a relatively symmetric
distribution around the pooled estimate, though some

asymmetry was observed with a slight paucity of smaller studies
with lower prevalence rates on the left side of the plot. Egger’s
regression test indicated potential publication bias (p=0.03),
suggesting that smaller studies with higher prevalence estimates
may be overrepresented in the literature. For eclampsia studies
(n=21), the funnel plot demonstrated moderate asymmetry with
several studies falling outside the expected distribution, and
Egger’s test confirmed significant publication bias (p=0.02).
The HELLP (n=9)
interpretability due to the small number of included studies,

syndrome  analysis showed limited
precluding formal statistical testing for publication bias. Overall,
these findings suggest that publication bias may partially
contribute to the observed prevalence estimates, particularly for
preeclampsia and eclampsia, and should be considered when

interpreting the pooled results.

Main findings

This study represents a comprehensive and updated global
meta-analysis on the prevalence of hypertensive disorders of
pregnancy. At its core, the high prevalence of these conditions
endothelial
dysfunction and thromboinflammatory pathways, which are

reflects a widespread burden of underlying
central to their pathogenesis. While building upon foundational

prior reviews, our work provides a unique contribution by
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synthesizing a larger body of more recent evidence and, for the
first time, systematically analyzing the impact of differing
diagnostic criteria (e.g., ACOG vs. ISSHP) on prevalence
Our
patterns but with notable heterogeneity among regions. The
variability observed between ACOG and ISSHP diagnostic
criteria, a key focus of our analysis, suggests a significant impact

estimates. findings reveal consistent epidemiological

of diagnostic methodology on reported estimates. The higher

prevalence in low and middle-income countries reflects
important disparities in social determinants of maternal health.
At the same time, the inverse correlation between study sample
size and reported prevalence highlights methodological biases
that should be considered when interpreting the literature.
These patterns confirm the multifactorial complexity of these
disorders and underscore the need to standardize research
methodologies to obtain more precise estimates that can

adequately guide health policies.

Geographical variations and determining
characteristics

Our meta-analysis reveals marked regional differences in the
prevalence of preeclampsia, with significantly higher rates in
African and Latin American countries compared to those
observed in Europe and North America. This geographical
pattern is consistent with the findings of Abalos et al. (92), who
reported that the incidence of preeclampsia was higher in low-
of
eclampsia, our results also show a concentration of high

and middle-income countries. In the particular case

prevalences in countries such as Pakistan, Nepal, and some

states in sub-Saharan Africa, reflecting similar

disparities to those described by Vousden et al. (93) in their

regional

multicenter study

Beyond these geographical patterns, it is important to
systematically compare our pooled estimates with those from
prior syntheses. Our higher pooled global prevalence of 4.43%
for preeclampsia, when compared to earlier estimates, is likely
attributable to several factors: our inclusion of a large number of
studies published in the last decade, a period during which risk
factors such as maternal age and obesity have increased globally,
and the broader application of more sensitive diagnostic criteria
(e.g., ACOQ), a factor our study uniquely stratifies and analyzes.
Similarly, our global eclampsia prevalence of 0.43% reflects a
wider geographical scope than previous regional studies,
incorporating data from diverse settings that contribute to a
different summary measure. These comparisons underscore that
our work builds upon previous estimates by providing an
updated and methodologically stratified picture of the
global burden.

The marked regional disparities identified in our analysis, such
as the particularly high prevalence rates in several sub-Saharan
African and Latin American countries, can be largely attributed
to an interplay of socioeconomic, healthcare, and clinical factors.
The elevated prevalence we found in nations like Tanzania

(14.49%) and Peru (13.01%) likely reflects not only challenges in
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) but
also a higher underlying burden of risk factors. These include
of
comorbidities such as obesity and pre-existing hypertension,

access to quality prenatal care and timely diagnosis (94,

nutritional  deficiencies and a growing prevalence
which elevate the baseline risk in these populations (95, 96).
Therefore, the variations in our estimates are not just numbers;
they are a reflection of deep-seated differences in public health
infrastructure and population health profiles.

Epidemiological surveillance and registration system
variability could also contribute to the observed differences. In
countries with robust health registration systems, such as
Denmark and Sweden, where our analysis found relatively low
prevalences (0.03% and 0.05%, respectively, for eclampsia),
diagnostic precision and registration comprehensiveness could
generate more reliable estimates. In contrast, the extremely high
prevalences reported in some studies from countries like
Venezuela and Tanzania could reflect not only a truly higher
disease burden but also a selection bias toward tertiary referral
centers, as suggested by Khedagi and Bello in their critical
analysis of epidemiological studies on hypertensive disorders of
pregnancy (97).

These methodological highlight

limitations in directly comparing pooled prevalences across

considerations critical
regions with fundamentally different healthcare contexts. The
substantial variations we observe may reflect not only true
epidemiological differences but also systematic differences in
case ascertainment methods, diagnostic capacity, and reporting
quality between healthcare systems. While our regional synthesis
provides valuable insights for public health planning, readers
must interpret these comparisons with awareness that apparent
disparities result

may  partially

heterogeneity rather than solely representing genuine differences

from  methodological

in disease burden across populations.

The prevalence estimates identified in our analysis do not exist
in a vacuum; they are intrinsically linked to global trends in
maternal risk factors. The documented rise in conditions such
as advanced maternal age, obesity, and pre-existing
comorbidities like chronic hypertension directly contributes to
the high baseline risk for preeclampsia in many populations.
Therefore, our finding of a 4.43% global prevalence is not
merely a static figure but reflects a dynamic public health
these
Furthermore, the significance of this prevalence extends far
of

preeclampsia serves as a sentinel event, unmasking a woman’s

challenge influenced by evolving  demographics.

beyond acute pregnancy complications. A diagnosis
predisposition to future cardiovascular disease and placing her
and her offspring at a higher lifetime risk for metabolic and
hypertensive disorders. Thus, accurate prevalence data is critical
not only for obstetric planning but also for informing long-term
primary prevention strategies for chronic diseases in a
substantial portion of the female population.

A critical limitation of our analysis is the underrepresentation
of data from low-resource countries, particularly those with the
highest burden of maternal mortality where hypertensive
likely

outcomes. Our systematic search yielded limited studies from

disorders contribute most significantly to adverse

Frontiers in

12

10.3389/frph.2025.1706009

sub-Saharan Africa, rural Asia, and other resource-

constrained settings, creating a geographical bias that may
underestimate the true global prevalence of these conditions.
This data scarcity likely reflects multiple barriers including

limited research infrastructure, inadequate funding for
epidemiological studies, challenges in standardized data
collection  systems, and reduced opportunities for

international publication from these regions. The resulting
publication bias means that our estimates may not adequately
represent populations at highest risk, where factors such as
nutritional deficiencies, limited prenatal care access, and
delayed diagnosis could result in higher true prevalences than
captured in our analysis. Furthermore, under-ascertainment
in low-resource settings due to insufficient diagnostic
capacity, incomplete birth registries, and healthcare access
barriers suggests that even available studies from these
regions may underestimate disease burden. However, this
limitation paradoxically represents an important contribution
the by

documenting the extent of data gaps in regions where

to global research landscape systematically
hypertensive disorders likely pose the greatest threat to
maternal health. Our findings serve as a critical call to action
for countries lacking robust epidemiological data to prioritize
these While

extrapolation of our estimates to unrepresented populations

research initiatives addressing conditions.
would be inappropriate, our analysis provides a foundational
reference point that can guide resource allocation for targeted
studies in data-scarce regions. The identification of these
evidence gaps challenges the assumption that preeclampsia
research is comprehensively global and highlights the urgent
need for standardized surveillance systems in low-resource
settings, potentially catalyzing international collaboration and
funding initiatives to address these critical knowledge deficits.

Finally, it is crucial to emphasize that although the
considerable heterogeneity in our data might invite skepticism,
we contend that this very diversity is a fundamental strength,
not a limitation, of our analysis. We acknowledge that
with  different

generates inherent heterogeneity, as these populations represent

combining  studies diagnostic approaches
distinct clinical entities. However, this approach reflects the
current reality of research in this field: there is simply
insufficient literature using standardized criteria to conduct
meaningful analyses within homogeneous diagnostic categories.
Our decision to provide pooled estimates serves a practical
public health purpose. Policymakers often require approximate
prevalence figures for resource allocation and intervention
planning, even when ideal methodological conditions are not
met. We believe that our comprehensive sensitivity analyses
( ) strengthen, rather than weaken, our contribution by
allowing readers to examine estimates across different diagnostic
approaches. This methodological transparency enables evidence-
based decision-making while acknowledging the limitations
inherent in the current state of the literature. Rather than

withholding  potentially  useful  information due to
methodological puritanism, we have chosen to present these
estimates with appropriate caveats, thereby providing
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stakeholders with the best available evidence for informed

healthcare planning and policy development.

Temporal trends, sample size, and
diagnostic criteria

Our temporal meta-regression did not detect a statistically
significant increase in the reported prevalence of preeclampsia
and eclampsia over the last two decades. This finding should be
interpreted cautiously, as it contrasts with other large population
studies, such as that by Ananth et al. (98), which have
documented a significant rise in prevalence over a similar
period. The apparent lack of a significant trend in our analysis
could reflect real epidemiological stability in the included studies
or evolutions in diagnostic and registration practices that our
model could not fully capture. As noted by Mol et al. (99), the
progressive implementation of more sensitive diagnostic criteria
and the
spectrum of detected cases, especially in non-severe forms

increased use of biomarkers have broadened the

of preeclampsia.

Regarding the effect of sample size, our meta-regression
identified a statistically significant inverse correlation between
of the three
hypertensive disorders analyzed. Studies with smaller samples

sample size and the reported prevalence
reported considerably higher rates, which several factors could
explain. First, as suggested by Zwart et al. (100), smaller studies
are often conducted in tertiary or referral centers with a higher
concentration of complex cases, introducing selection bias.
Second, according to the analysis by Thangaratinam et al. (101),
smaller studies with negative results or low prevalences are less
likely to be published, creating publication bias.
The likely

combination of factors. On the one hand, there are arguments

changes observed over time represent a
for a true increase in the incidence of hypertensive disorders of
pregnancy, linked to the rise in maternal age, obesity, and
comorbidities such as diabetes and chronic hypertension, as
demonstrated by the longitudinal data of Roberts et al. and
Valensise et al. (102, ). On the other hand, the progressive
standardization of diagnostic criteria and increased awareness of
these pathologies have improved their detection and registration.
Particularly illustrative is the paradigm shift following the
update of the ACOG guidelines in 2013 and 2019, which
eliminated proteinuria as a mandatory requirement for the
diagnosis of preeclampsia, amplifying the spectrum of detected
cases (8).

Regarding diagnostic criteria, our analysis shows substantial
differences in estimated prevalences according to the standard
employed. Studies based on ACOG criteria reported significantly
higher preeclampsia prevalences (4.7%) than those based on
ISSHP  (3.5%).

differences between both systems. While ACOG emphasizes

These discrepancies reflect the conceptual
target organ involvement as an alternative to proteinuria, ISSHP
maintains stricter thresholds for certain biochemical parameters.
As proposed by Magee et al, although both systems have
validity and scientific support, ISSHP offers greater specificity
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while ACOG privileges sensitivity (9). For clinical contexts,
ACOG’s more inclusive approach might favor early detection
and prevention of complications, while for epidemiological
research, ISSHP criteria might offer greater consistency between
studies. Finally, the use of coding systems such as ICD-9 or
ICD-10 in studies based on administrative records showed the
lowest

prevalences, probably due to

documented by Lain et al. in their validation of diagnostic codes

undercoding, as

for hypertensive disorders (104).

Finally, the inclusion of studies with differing sampling
designs presents important interpretive limitations that must be
acknowledged. Our analysis combined hospital-based studies,
which typically recruit from tertiary referral centers with higher
concentrations of high-risk pregnancies, with population-based
investigations that capture the full spectrum of obstetric care
across healthcare systems. This methodological heterogeneity
introduces systematic bias in prevalence estimates, as hospital-
based
complications compared to community-based or registry studies

studies inherently overrepresent severe cases and
that reflect true population prevalence. The restricted application
of combining these diverse sampling approaches means that our
pooled estimates may not accurately represent either hospital-
based prevalence or true population prevalence, but rather a
hybrid estimate influenced by the proportion of each study type
included. While this limitation complicates direct clinical
application of our findings, it reflects the current reality of
epidemiological research in this field, where standardized
population-based surveillance remains limited in many regions.
Future research should prioritize population-based designs with
standardized case ascertainment to provide more precise
prevalence estimates for public health planning and clinical

guideline development.

Implications for public health and clinical
practice

Our results reinforce the need for standardized protocols for
prenatal care that emphasize early detection of risk factors and
preclinical signs of preeclampsia, aligning with recent state-of-
the-art clinical guidelines on screening and management (105).
In line with the recommendations of Magee et al. (106),
monitoring should intensify from the 20th week of gestation,
with regular evaluations of blood pressure, proteinuria, and
relevant ~ biochemical = parameters. Furthermore, the
implementation of validated predictive tools, such as those
synthesized in recent meta-analyses on outcome prediction
(107), could allow for stratification of individual risk and
personalization of follow-up, building upon foundational models
like that of Poon et al. (108).

Our study suggests the need for adapted and feasible
interventions for regions with high prevalence, especially in
resource-limited settings. Implementing decentralized models of
prenatal care, such as those evaluated by von Dadelszen et al. in
their CLIP study (Community-Level Interventions for Pre-

eclampsia), could improve access to essential services in rural or
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marginalized areas (109). Likewise, the training of community
health workers in identifying warning signs and timely referral
has been shown to significantly reduce serious complications, as
evidenced by the multi-country study by Bellad et al. (110).
Telemedicine represents another promising strategy, allowing
remote monitoring of patients and specialized consultation in
regions with a shortage of obstetricians, as documented by
Lanssens et al. in their evaluation of remote monitoring

platforms for high-risk pregnancies (111).

Strengths and limitations

Among the main strengths of this study is its broad global
scope, which included data from 76 investigations from
diverse geographical contexts, thus providing the most
comprehensive synthesis to date on the epidemiology of
hypertensive disorders of pregnancy. Including more than 24
million pregnant women in the preeclampsia analysis confers
robust statistical power to our estimates; however, we
acknowledge that a few massive registry studies largely drive
this
representativeness. Additionally, the analyses stratified by

figure and does not necessarily equate to global
diagnostic criteria and the meta-regression by publication
year and sample size allow a better understanding of the
sources of heterogeneity, offering a more nuanced
interpretation of the results. Another key strength is the
systematic application of a validated risk-of-bias tool (Munn
et al.) specific to prevalence studies, which provides a
transparent framework for assessing methodological quality.
However, the resulting high proportion of studies classified as
“low risk” must be interpreted with caution. This often
reflects strong performance in procedural domains while
coexisting with significant limitations in sampling methods
that affect external validity, as discussed previously.
Nevertheless, our study presents several important
limitations. The extremely high heterogeneity (I>=100%) in
all analyses reflects substantial variability in methodologies,
populations, and diagnostic criteria among primary studies,
complicating the interpretation of pooled estimates. Meta-
regression analyses were necessarily limited to publication
year and sample size, as these were the only variables
Other
potentially age,

socioeconomic status, parity, and comorbidities were either

consistently reported across all included studies.

relevant variables such as maternal
not reported uniformly, presented in different formats (means
vs. medians, different age categories), or available in only
subsets of studies, precluding meaningful meta-regression
analysis. Despite our efforts to include studies from all
with

representation from low-income countries, particularly from

regions, a geographical imbalance persists lower
sub-Saharan Africa and South Asia, where the burden of
these disorders might be greater. Changes in diagnostic
criteria over time, particularly differences between ACOG and
ISSHP definitions, make it difficult to directly compare

studies, even when they use the same general standard but in
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different versions. Additionally, studies did not

adequately report important risk factors such as maternal age,

many

parity, or comorbidities, which prevented conducting adjusted
analyses for these potential confounders. Finally, the small
number of included studies for the HELLP syndrome analysis
(n=9) precluded a meaningful assessment of potential
publication bias, meaning this limitation could not be
formally evaluated for that specific outcome.

This global meta-analysis provides updated estimates on the
prevalence of preeclampsia (4.43%), eclampsia (0.43%), and
HELLP syndrome (0.39%). These figures must be interpreted
with caution, given the substantial heterogeneity between
studies, particularly for the HELLP syndrome estimate, which
is derived from a sparse evidence base. The observed
reflect

prevalences considerable variation by diagnostic

criteria and population characteristics, with marked

disparities between high and low-resource regions that may
partially reflect differences in data quality rather than true

epidemiological ~variation. Our findings suggest that
hypertensive disorders of pregnancy represent an important
public health concern globally, with temporal trends

indicating either increasing disease burden or improved
detection systems. The variations according to diagnostic
criteria underscore the need to standardize definitions, while
the inverse correlation between sample size and reported
that affect
interpretation. This lack of a single, universally adopted

prevalence highlights methodological factors
diagnostic standard remains a primary obstacle to reliable
international surveillance and cross-country comparisons.

In light of these results, we recommend a comprehensive
approach addressing both immediate clinical needs and long-
term  research  priorities.  Strengthening epidemiological
surveillance systems is essential, particularly in underrepresented
regions such as sub-Saharan Africa and South Asia where
disease burden appears highest but reliable data remain scarce,

with
should

prioritize large-scale, multi-country collaborative studies using

requiring investment in population-based registries

standardized diagnostic criteria. Future research
uniform methodologies to distinguish true epidemiological
differences from methodological artifacts, while examining how
healthcare system characteristics influence reported prevalences.
The establish

standardized diagnostic definitions and reporting frameworks

scientific community must consensus on

for epidemiological research, including minimum data elements

and uniform population characteristic reporting. Finally,

international funding agencies should prioritize maternal health
surveillance research in data-scarce regions,
that

comprehensive understanding necessary to effectively address

supporting

sustainable  epidemiological  infrastructure enables
the global burden of hypertensive disorders of pregnancy and
guide evidence-based policies for reducing associated morbidity

and mortality.
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