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ABSTRACT

Introduction Preeclampsia is a hypertensive disorder
during pregnancy that can be associated with placental
dysfunction, fetal growth restriction (FGR), preterm
birth, and low birth weight (LBW). This systematic
review aims to analyze the latest evidence regarding
the risk of LBW in neonates born to mothers with
preeclampsia and to identify factors that may influence
it. Methods The literature search was conducted based

on the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) 2020 through
PubMed, Scopus, ScienceDirect, and Web of Science
for primary English-language articles published
between January 2022 and December 2025. Studies
that met the criteria involved mothers with
preeclampsia or hypertensive disorders in pregnancy
and reported LBW or birth weight. Five primary
studies met the criteria and were included in the
qualitative synthesis. The synthesis was carried out
narratively because there was heterogeneity in study
design, population, exposure definitions, and
outcomes. Results The results indicate that
preeclampsia is associated with an increased risk of
low birth weight (LBW), especially in early onset or
severe cases, through placental perfusion disturbances,
angiogenesis imbalance, fetal growth restriction, and
medically indicated preterm delivery. Neonatal risk is
also influenced by maternal comorbidities, gestational
age at delivery, antenatal monitoring, and timing of
delivery. Discussion and Conclusion Early risk
detection, fetal growth monitoring, proper maternal
management, and coordination of obstetric and
neonatal services are necessary to support the
prevention of LBW-related morbidity

Keywords : preeclampsia; low birth weight; birth
weight, fetal growth restriction;, preterm
birth; neonatal outcomes; systematic
review
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INTRODUCTION (Times New Roman, font size 12 pt, Bold, UPPERCASE)
Preeclampsia is a multisystem disorder associated with pregnancy, generally diagnosed
after 20 weeks of gestation through findings of hypertension accompanied by proteinuria
and/or maternal organ dysfunction. Currently, this condition is understood not only as
an increase in blood pressure, but as a result of placental and endothelial dysfunction. It
is characterized by abnormalities in placental implantation, inadequate uteroplacental
perfusion, inflammatory processes, oxidative stress, and an imbalance of angiogenic
factors which play a role in the occurrence of fetal growth restriction [1,2,3,4,13].
Globally, preeclampsia affects around 3—-8% of women who give birth, while
hypertensive disorders in pregnancy contribute to approximately 16% of maternal deaths
(nearly 42,000 deaths in 2023) [5,6,17]. The impact is very concerning in low- and
middle-income countries, because limitations in antenatal screening, access to diagnosis,
referral, and appropriate therapy can increase the risk of poor maternal and perinatal
outcomes [1,2,9]. Therefore, early detection and adequate management are necessary to
reduce the impact of preeclampsia on fetal and neonatal health.

Low birth weight (LBW) remains an important public health issue. The World Health
Organization (WHO) defines LBW as a birth weight < 2,500 grams [10,22]. In 2020,
approximately 19.8 million newborns (14.7% of all live births globally) experienced
LBW, with the majority of cases occurring in low- and middle-income countries [10].
LBW not only affects the condition of the baby immediately after birth, but is also
associated with an increased risk of morbidity and mortality in neonates, slower growth
and development, and vulnerability to chronic diseases later in life [9,10,22]. Babies
born to mothers with preeclampsia also appear to have a higher risk of experiencing
LBW. A study in China reported an LBW prevalence of 6.02% among babies born to
mothers with preeclampsia, compared to 2.16% among babies born to mothers with
normal blood pressure, with an adjusted OR of 3.01 (95% CI: 2.67-3.40) [7]. In line
with this, a 2025 meta-analysis of studies in Indonesia showed a significant association
between preeclampsia and LBW, with a pooled OR of 2.16 (95% CI: 1.51-3.08) in
cross-sectional studies and 3.15 (95% CI: 1.76-5.64) in case-control studies [8]. The
findings suggest that maternal preeclampsia may contribute to an increased risk of low
birth weight (LBW). Further assessment of the available evidence is therefore needed to

clarify the extent of this association.
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Several mechanisms can explain the occurrence of LBW in neonates from mothers with
preeclampsia. First, placental insufficiency can disrupt fetal growth, resulting in low
birth weight. Second, LBW can also occur due to decreased gestational age, for example
due to medically indicated preterm delivery [7,12,16]. The magnitude of the risk is
influenced by the time of onset and degree of preeclampsia, clinical phenotype, and
maternal comorbidities. In general, a stronger association with placental dysfunction and
fetal growth restriction is found in early-onset preeclampsia, whereas late-onset
preeclampsia may involve different pathways on both the maternal and placental sides
[18,21]. The risk can also be modified by chronic hypertension, kidney disease, diabetes,
obesity, multiple pregnancies, inadequate antenatal care, and delayed referral [2,9,11].
The variability of LBW risk across studies likely reflects differences in population
characteristics, diagnostic criteria, timing of onset and severity of the disease,
confounder adjustment strategies, as well as study design making it difficult to determine
the biological, clinical, and healthcare factors most consistently associated with LBW in
neonates exposed to maternal preeclampsia.
Although research on this topic has grown, the evidence on factors associated with low
birth weight (LBW) among infants born to mothers with preeclampsia is still not clearly
established. Studies have reported associations involving placental function, maternal
characteristics, obstetric care, and healthcare system factors, but the findings vary across
populations, study designs, and clinical settings. Earlier reviews have mostly focused on
broader pregnancy outcomes, including hypertensive disorders, fetal growth restriction,
preterm birth, and maternal complications, rather than considering LBW specifically as
a neonatal outcome of preeclampsia [15,20]. Differences in study periods, population
characteristics, definitions of LBW, and analytical methods also make it difficult to
compare findings across studies. An updated systematic review focusing specifically on
LBW is thus needed to bring these findings together, assess the quality of the available
studies, and provide a clearer picture of the factors associated with LBW among infants
born to mothers with preeclampsia.

This systematic review aimed to examine the risk of low birth weight (LBW) among

neonates born to mothers with preeclampsia and to identify the biological, clinical,

obstetric, and health system factors that may be associated with this outcome. The review

followed the PICO framework. The population (P) included pregnant women and
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neonates from studies involving preeclampsia. Maternal preeclampsia was considered the
exposure (I), while normotensive pregnancies or the lowest-risk reference group were
used as comparators (C) when available. The outcome (O) was LBW, defined as a birth
weight below 2,500 grams. Based on this framework, the review sought to answer
whether maternal preeclampsia is associated with a higher risk of LBW compared with
normotensive pregnancies or another appropriate reference group, and which biological,

clinical, obstetric, and health system factors are consistently associated with this outcome.

METHODS- for Original Research Article (Times New Roman, font size 12 pt, Bold,
UPPERCASE)

A systematic review was conducted to examine the available evidence on low
birth weight (LBW) among neonates born to mothers with preeclampsia and to assess
the findings reported in previous studies. The review was conducted and reported in
accordance with the 2020 Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. The review protocol was not prospectively registered
in PROSPERO or any other systematic review registry. The research question and
eligibility criteria were developed using the PECO framework. The population (P)
included pregnant women and neonates, while the exposure (E) was maternal
preeclampsia, including its onset, severity, and clinical phenotype. Normotensive
pregnancies or other appropriate reference groups were considered as comparators (C)
when available. The primary outcome was LBW, defined as a birth weight of less than
2,500 g. Secondary outcomes included fetal growth restriction (FGR), small for
gestational age (SGA), preterm delivery, neonatal intensive care unit (NICU) admission,
and neonatal death. The review therefore examined whether maternal preeclampsia was
associated with a higher risk of LBW compared with normotensive pregnancies or other
appropriate reference groups, as well as which biological, clinical, obstetric, and health

system factors were most consistently associated with this outcome.

Relevant primary studies were identified by searching PubMed, Scopus,
ScienceDirect, and Web of Science for English-language articles published between
January 2022 and December 2025. The final search was performed in December 2025.
Search terms were adapted to each database and included both controlled vocabulary
and free-text terms related to preeclampsia, low birth weight (LBW), fetal growth

restriction (FGR), small for gestational age (SGA), preterm delivery, and neonatal
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outcomes. The main search strategy combined terms for the exposure, neonatal
outcomes, and study population as follows: ("Preeclampsia" OR "Pre-eclampsia"” OR
"Pregnancy-Induced Hypertension" OR "Gestational Hypertension") AND ("Low Birth
Weight" OR "Birth Weight" OR "Small for Gestational Age" OR "Fetal Growth
Restriction") AND ("Neonate" OR "Newborn" OR "Infant" OR "Perinatal Outcomes"
OR "Neonatal Outcomes"). Boolean operators, quotation marks, and database-specific
field tags were modified as needed to match the search format of each database. The full
search strategies, including search terms, field tags, filters, publication dates, and the
number of records retrieved, are provided in Supplementary Table S1. Reference lists
of the included studies and relevant systematic reviews were also screened manually to

identify additional studies that may have been missed during the database searches.

A study is considered eligible if it involves pregnant women and neonates, and
evaluates preeclampsia as the main exposure or includes a clearly defined preeclampsia
subgroup. A normotensive reference group or other suitable comparison group is
considered eligible if available, and LBW/birth weight must be the primary outcome.
LBW is defined as a birth weight < 2,500 g, while FGR, SGA, preterm delivery, NICU
admission, and neonatal death are included as secondary outcomes. Eligible studies must
also provide adequate full information for data extraction and qualitative synthesis, and
be published in a peer-reviewed English-language journal during the period January
2022-December 2025. Studies were excluded if: duplicate records were found; the
publication was published before 2022; it was not an English-language article;
conference abstracts without adequate full-text data; studies on animals/laboratory
experiments; studies that assessed other maternal conditions without an identified
preeclampsia subgroup; or studies that did not report LBW/birth weight data. Studies
that only reported FGR, SGA, preterm delivery, NICU admission, or neonatal death
without LBW/birth weight data were also excluded from the main LBW synthesis.
Documents such as guidelines, scientific statements, narrative or systematic reviews,
meta-analyses, and other secondary publications were not considered primary studies

and were only used if relevant as context or background.

The records initially obtained were managed using reference management
software. Duplicate citations were then identified, removed, and manually verified. Title

and abstract screening was conducted independently by two reviewers based on pre-
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established eligibility criteria. Records deemed potentially relevant were subsequently
evaluated through full-text review by the same two reviewers. The study selection
process was recorded using the PRISMA 2020 flow diagram. After screening and
eligibility assessment, six primary studies were included in the qualitative synthesis.
Guidelines, scientific statements, narrative reviews, systematic reviews, and other
publications used only for background or contextual information were excluded from

the count of primary studies [16].

Data were extracted using a standardized form developed according to the PECO
framework. Two reviewers independently reviewed the extracted information. The data
included publication details, study location and design, study period, sample size,
participant characteristics, diagnostic criteria for preeclampsia, disease onset and
severity, comparison groups, gestational age, the definition of low birth weight (LBW),
neonatal outcomes, effect estimates and confidence intervals when reported, potential
confounding factors, main findings, and study limitations. After completing the
extraction, the two reviewers compared their results and discussed any differences until
an agreement was reached. When an agreement could not be reached, a third reviewer
was consulted. The final data were organized into structured evidence tables, with
particular attention to the reported association between maternal preeclampsia and LBW

and to factors that may influence neonatal outcomes.

The methodological quality and risk of bias of the included studies were assessed
using the Joanna Briggs Institute (JBI) Critical Appraisal Checklist appropriate to each
study design. The assessment considered several key methodological aspects, including
participant selection, measurement of exposure and outcomes, management of potential
confounding factors, completeness of follow-up where applicable, and the
appropriateness of the statistical analysis. Scores for each checklist item were recorded
in a quality assessment table and considered when interpreting the consistency and
strength of findings across designs and populations. A formal assessment of the certainty
of evidence using GRADE was not conducted, so no overall certainty level was
assigned. Because there are significant differences in study design, population, exposure
and outcome definitions, as well as reported effect sizes, the synthesis was conducted
narratively while considering methodological quality, consistency, directness, precision,

and potential sources of bias.
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A pooled quantitative analysis was not performed due to substantial
methodological, clinical, and outcome heterogeneity among studies. Variations in study
design, including cohort, prospective, and cross-sectional studies, contributed to
methodological heterogeneity. Clinical heterogeneity was influenced by differences in
maternal and neonatal characteristics, healthcare settings, onset and severity of
preeclampsia, as well as maternal comorbidities. Differences were also found in the
definitions of exposure and comparators, as well as in outcome measurements,
particularly in LBW, birth weight, FGR, and SGA. The reported effect measures differed
across studies, including adjusted and unadjusted odds ratios, risk estimates, and
descriptive data on birth weight. The variables included in the analyses and the level of
adjustment for potential confounders also varied between studies. Although some
studies reported comparable subgroups, the overall differences in study characteristics
and reported outcomes did not allow for a meaningful pooled analysis. The findings
were therefore synthesized narratively in accordance with the principles of Synthesis
Without Meta-analysis (SWiM). The results were organized into four main domains.
The biological domain covered factors such as placental insufficiency, impaired
uteroplacental perfusion, and angiogenic imbalance. The clinical domain included early-
onset or severe preeclampsia and maternal comorbidities. The obstetric domain included
gestational age and medically indicated preterm delivery. The health system domain
included antenatal care, referral processes, timing of delivery, and the readiness of

neonatal care services.

In each domain, the results were compared based on the direction and magnitude
of the association, consistency between studies, characteristics, and methodological
quality. Findings from studies with methodological limitations were interpreted more
cautiously. Microsoft Excel was used to organize the extracted data, study
characteristics, effect estimates, and quality assessment results, without using statistical
meta-analysis software.

The potential for selection and reporting bias is attempted to be minimized
through the use of PECO criteria and predetermined eligibility criteria, systematic
searches across various databases, removal of duplicates, recording reasons for

exclusion, manual checking of reference lists, and assessment of methodological quality.

Ethical approval is not required because this review solely uses data from
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published study publications and does not involve the collection or use of identifiable

individual data.

Table 1. PECO Framework

Component Definition

Population (P) Pregnant women with preeclampsia and their neonates

Exposure (E) Maternal preeclampsia, including onset, severity, and phenotype
Comparison (C) Normotensive pregnancy or an appropriate reference group when available
Primary Outcome (O) Low birth weight (<2,500 g)

Secondary Outcomes

FGR, SGA, preterm birth, NICU admission, and neonatal mortality

Table 2. Search Strategy and Eligibility Criteria

Component

Description

Databases

PubMed, Scopus, ScienceDirect, and Web of Science

Publication period

January 2022—December 2025

Final search date December 2025

Language English

Eligible evidence Empirical primary studies providing relevant primary evidence
Primary outcome Studies were required to report LBW or birth-weight data; LBW was
requirement defined as birth weight <2,500 g

Secondary outcomes

FGR, SGA, preterm birth, NICU admission, and neonatal mortality

Core search concepts

Preeclampsia/hypertensive disorders of pregnancy AND LBW/birth
weight/FGR/SGA AND neonatal/perinatal outcomes

Search strategy

Controlled vocabulary and free-text terms using Boolean operators
(AND/OR), quotation marks, and database-specific field tags

Search limits/filters

English-language publications published between January 2022 and
December 2025; eligibility determined according to predefined inclusion
and exclusion criteria

Additional searching

Manual screening of reference lists of eligible primary studies and relevant
systematic reviews

Duplicate removal

Reference-management software followed by manual verification

Study selection

Two-stage screening comprising title/abstract screening followed by full-
text assessment according to predefined eligibility criteria

Secondary/contextual
sources

Guidelines, scientific statements, disease primers, narrative reviews,
systematic reviews, meta-analyses, and other secondary sources were used
only as background/contextual references and were not counted as
included studies

Quality assessment

JBI Critical Appraisal Tools appropriate to each study design, with item-
level appraisal judgments

Evidence synthesis

Structured narrative synthesis following principles of Synthesis Without
Meta-analysis (SWiM)

Meta-analysis

Not performed because of substantial methodological, clinical,
exposure/outcome, comparator, and effect-measure heterogeneity;
sufficiently homogeneous subsets were considered but no appropriate
group was identified for meaningful quantitative pooling

Reporting guideline

PRISMA 2020 Statement

The study selection process is presented in Figure 1. The flow diagram shows the different stages

of the selection process, including the number of records identified, screened, and excluded, as

well as the six studies included in the final evidence synthesis.
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Identification of studies via databases and registers
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v
) e
3 Final sources used in the manuscript and
3 reference manager file
E (n = 20)
.
—
Table 1. PRISMA 2020 Summary of Study Selection Process
PRISMA 2020 Stage Description Number of Records
Records identified from databases 543
Identification
Duplicate records removed 121
Records screened by title and abstract 422
Screening
Records excluded 301
Reports sought for retrieval 121
Reports sought
Reports not retrieved or unavailable in full text 14
Reports assessed for eligibility 107
Eligibility
Reports excluded (total) 87
Studies included in qualitative synthesis 20
Included Additional records identified through reference screening 7
Final sources used in the manuscript and reference manager file 20

Figure 1. The flow diagram summarizes the study identification, screening, exclusion, and final

inclusion process
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RISULT (Times New Roman, font size 12 pt, Bold, UPPERCASE)

The study selection process is presented in Figure 1. A total of 543 records were
identified from four databases: PubMed (187), Scopus (142), ScienceDirect (116), and
Web of Science (98). After removing 121 duplicate records, 422 titles and abstracts were
screened. Of these, 301 records were excluded because they did not address the research
question, did not examine preeclampsia or hypertensive disorders of pregnancy, or did
not report relevant neonatal outcomes. Furthermore, the full texts of 121 articles were
retrieved for eligibility assessment. A total of 14 articles could not be obtained in full

text, leaving 107 articles for the eligibility assessment stage.

In the next stage, articles were excluded if they did not provide data on low birth weight
(LBW) or birth weight, did not have a group that could be clearly identified as patients
with preeclampsia or hypertensive disorders in pregnancy, were published before 2022,
had inadequate empirical information, or did not meet the established inclusion criteria.
Ultimately, a total of six primary empirical studies met all eligibility criteria and were

included in the qualitative synthesis.

Six studies included in this review were all conducted in Indonesia using cross-sectional
and case-control designs and were published during the period 2022-2025. The studies
included Lieskusumastuti et al. (2022), Ferawati et al. (2023), Zuvarcan et al. (2024),
Indriany et al. (2024), Nopiarmi et al. (2024), and Dzakiyyah et al. (2025) [23-28]. The
sample sizes of each study ranged from 120 to 490 participants, with a total of 1,345
mother and infant observations. Four studies assessed preeclampsia in general
[23,25,26,28], while two studies specifically focused on severe preeclampsia [24,27].
All studies used a consistent definition of low birth weight (LBW), namely birth weight
less than 2,500 grams. The comparison groups consisted of mothers without
preeclampsia or appropriate control/non-exposed groups according to the design of each

study [23-28].

Six studies showed a consistent direction of the relationship between maternal
preeclampsia, including severe preeclampsia, and the incidence of low birth weight
(LBW), although the magnitude of the association varied between studies [23-28].
Lieskusumastuti et al. reported a crude odds ratio (OR) of 6.81 (95% CI: 3.16—14.69),
indicating a higher likelihood of LBW in babies born to mothers with preeclampsia

compared to mothers without preeclampsia [23]. A stronger association was found in
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the study by Ferawati et al. in mothers with severe preeclampsia after adjusting for
parity, with an adjusted OR of 29.28 (95% CI: 11.20-76.54) [24]. Another study
reported an adjusted OR of 7.75 (95% CI: 2.77-21.71) based on multivariate analysis
[25]. Zuvarcan et al. reported a crude OR of 9.49, which was reduced to 5.97 (95% CI:
1.22-29.22) after adjustment for maternal age, parity, and education level [26].

Nopiarmi et al. reported a crude OR of 2.59 among mothers with severe preeclampsia,
but no adjusted estimate was provided in the study [27]. Dzakiyyah et al. reported an
adjusted OR of 4.61 (95% CI: 1.29-16.55) after accounting for maternal age, parity,

anemia, and gestational age at delivery [28].

Overall, all studies indicate that babies born to mothers with preeclampsia or severe
preeclampsia have a higher likelihood of LBW [23-28]. The reported effect estimates
range from a crude OR of 2.59 in the study by Nopiarmi et al. to an adjusted OR 0f29.28
in the study by Ferawati et al. [24,27]. The differences in the magnitude of these
estimates should be interpreted cautiously as they may be influenced by variations in
study design, sample size, severity of preeclampsia, characteristics of the comparison

groups, matching procedures, and confounding factors accounted for in the analysis.

The evidence used to assess the risk of LBW in this review exclusively comes from six
primary studies that met the inclusion criteria [23—28]. Findings regarding fetal growth
restriction (FGR), small-for-gestational-age (SGA), placental dysfunction, or preterm
delivery from other publications were not used as direct evidence of LBW risk if those
studies did not explicitly report birth weight or LBW incidence. Other references were
only used as contextual and mechanistic evidence to help explain the biological or
clinical pathways that may underlie the relationship between preeclampsia and LBW
[3,4,13,18,20,21].

The methodological quality and risk of bias in the six studies were assessed using the
Joanna Briggs Institute (JBI) Critical Appraisal Tool, adapted to each study design. The
assessment covered several key aspects, namely the appropriateness of participant
selection, measurement of exposure and outcomes, identification and control of

confounding factors, and the suitability of the statistical methods used.

The assessment results for each JBI item for all studies are presented in Table 4. The
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research characteristics and quantitative findings related to LBW are presented in Table
3, while Table 4 provides an overview of the methodological quality of each included

study.

The subsequent research findings are interpreted based on four interrelated domains,
namely biological mechanisms, clinical characteristics of preeclampsia, maternal and
obstetric factors, and health system and neonatal care factors. These four domains are
used to provide context in understanding the relationship between preeclampsia and low

birth weight, not to produce additional quantitative estimates.

Placental dysfunction is suspected to be one of the main biological mechanisms linking
preeclampsia with reduced birth weight. Abnormal placental implantation, impaired
uteroplacental blood flow, endothelial dysfunction, inflammation, and an imbalance of
angiogenesis can reduce the supply of oxygen and nutrients to the fetus. These
conditions can increase the risk of FGR or SGA births [3,4,13,18,20,21]. These
mechanisms provide a biological explanation for the relationship with low birth weight

consistently found in all six primary studies [23-28].

Early-onset preeclampsia as well as severe preeclampsia may be associated with an
increased risk of adverse fetal outcomes, especially when placental dysfunction and
maternal vascular abnormalities are more severe. These conditions may interfere with
fetal growth and increase the risk of medically indicated preterm delivery [4,18,21]. This
evidence is used to provide biological and clinical context rather than to estimate the
risk of LBW quantitatively. The quantitative effect estimates reported in this review are

based solely on the six primary studies that met the eligibility criteria [23-28].

The association between preeclampsia and low birth weight may also vary according to
maternal and obstetric characteristics. Several of the included studies considered
maternal age, parity, anemia, gestational age, and other clinical variables as covariates
or potential confounders [23,25,26,28]. Gestational age at delivery is particularly
relevant because medically indicated preterm birth shortens the period available for fetal
growth and may consequently contribute to a lower birth weight. The link between
preeclampsia, preterm birth, and adverse neonatal outcomes is also in line with findings

from broader research on hypertensive disorders of pregnancy [16,22].

Health system conditions and the availability of neonatal services may influence the

severity of LBW-related outcomes, although the six studies included in this review did
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not directly establish these factors as determinants of LBW. Adequate antenatal care,
timely referral, appropriate obstetric management, careful delivery planning, and
adequate neonatal service capacity may help reduce adverse outcomes, particularly
among preterm and LBW infants in resource-limited settings [9,11]. In this review, these
factors are therefore considered part of the broader clinical context rather than causal

pathways supported by quantitative evidence.

Overall, the association between maternal preeclampsia and low birth weight appears to
reflect several interconnected biological and clinical factors. Placental dysfunction and
fetal growth restriction may contribute to reduced birth weight, while severe
preeclampsia and medically indicated preterm delivery may further increase the risk.
Maternal and obstetric characteristics may also affect the magnitude of this association.
Although several factors may be involved, the quantitative evidence in this review is
based on only six primary studies. Despite differences in study characteristics and
analytical approaches, all six studies reported an association in the same direction

between maternal preeclampsia and low birth weight [23-28].

A meta-analysis was not performed because the six included studies differed
substantially in their study designs, definitions of preeclampsia, comparison groups,
sample sizes, adjustment variables, and reported effect measures. The findings were
therefore synthesized narratively, with attention to the direction and magnitude of the
reported associations and the methodological characteristics of each study [23-28]. The
decision not to pool the results was based on these differences in study characteristics
and the available data, rather than on an absence of an association between maternal
preeclampsia and low birth weight.

Across six studies, maternal preeclampsia was associated with a higher likelihood of
LBW, with ORs ranging from 2.59 to 29.28 [23-28]. Variations in effect size may reflect
differences in preeclampsia severity, gestational age, maternal characteristics, and study

methods.
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Table 3. Characteristics of included primary studies and reported effect estimates for the association between preeclampsia and low birth

weight
Crud Adjus
Sam e ted
N Author/Yea Country/Se Study ple Preec.lam Compar LB‘.V. efﬂ.ect eff.ect Key Main
. . . psia definitio estim estima confounders/cov .
0. r tting design size o ator . finding
(n) definition n ate te ariates
95% (95%
CDh CDh
Preeclam
psia was
significan
Pr@eclam tly
psia status .
recorded ass ociated
from with
Indonesia; Cross- maternal OR ;]?)Xérs
Lieskusum RS PKU section medical Mothers LBW/BB 6.81 with
. Muhammad al records; without LR; birth  (95% Maternal age,
1 astutietal, . . 490 . . . NR . preeclamp
iyah analyti diagnostic preeclam  weight CI parity .
2022 [23] e . sia had
Delanggu, cal criteria psia <2,500g 3.16— ADDIOXIM
Klaten study not 14.69) pp
further ately 6.8-
specified f(.)ld
in the higher
report odds of
P delivering
an LBW
infant.

Midwiferia Jurnal Kebidanan | https://midwiferia.umsida.ac.id/index.php/midwiferia

Oktober 2026 [ Volume 12 [ Issue 2

103


https://midwiferia.umsida.ac.id/index.php/midwiferia

Muji Rahayu*, Rosmani Sinaga, Clinton Antony, Enda Angina Br Karo,

Dui Ronala Sihotang

Risk of Low Birth Weight Among Neonates Born to Mothers
With Preeclampsia : A Systematic Review

Crud Adjus
Sam e ted
N  Author/ Country/Se Study ple Preeclampsi Compar LBW eff?“ eﬂ:ect Key Main
. . . oo definit estim estima confounders/cov .
0. Year tting design size a definition ator . . finding
(n) on ate te ariates
95% (95%
CD CD
Severe
Severe preeclamp
preeclampsia: sia was
systolic BP associated

Indonesia, 148 irl g(i)alsl:cr)llliil z(?IBP Mothers OR :;It)};oxim

Ferawati Dr. Dradjat Retrospec (74 >110 mmHg,  without Blr.th 29.28 ately 29-

Prawiranegar tive case- cases; weight (95% .

2 etal, a Hosbital control 74 generally after severe <3500 NR Cl Parity fold
2023 [24] prtal, 20 weeks, or preeclamp ’ higher

Serang, study contro . . g 11.20-

Banten Is) accompanied  sia 76.54) odds of
by maternal LBW
organ/uteropla after
cental adjustmen
dysfunction t for

parity.

Midwiferia Jurnal Kebidanan | https://midwiferia.umsida.ac.id/index.php/midwiferia

Oktober 2026 [ Volume 12 [ Issue 2

104


https://midwiferia.umsida.ac.id/index.php/midwiferia

Risk of Low Birth Weight Among Neonates Born to Mothers

Muji Rahayu*, Rosmani Sinaga, Clinton Antony, Enda Angina Br Karo, A N 9 A
With Preeclampsia : A Systematic Review

Dui Ronala Sihotang

Crud Adjust
e ed
Sam Preeclam LBW  effect effect Ke
N Author/’Y Country/Se Study ple . Compar cps . . Y Main
. . . psia definiti estim estima confounders/cov .
0. ear tting design size e ator . finding
(n) definition on ate te ariates
95% (95%
CI) Cl)
Preeclamps P.reeclamp
. sia was
ia recorded .
significant
as the ly
exposure associated
variable in OR with
Indonesia; . Retrospec medlca% Mothers LBW; 775 Gestational age; LBW,
Zuvarcan Dr. Moewardi . records; . birth maternal age, .
. tive case- without . (95% . . with
3 etal, Hospital, control 120 study ceeclam weight NR Cl parity, gemelli, ApDroxima
2024 [25]  Surakarta, focusedon P p <2,500 anemia, asthma pp
study sia 2.77- tely 7.8-
Central Java maternal g were assessed
21.71) fold
preeclamps .
ia versus higher
odds after
no S
preeclamps multivaria
ia ble .
analysis.

Midwiferia Jurnal Kebidanan | https://midwiferia.umsida.ac.id/index.php/midwiferia Oktober 2026 [ Volume 12 [ Issue 2

105


https://midwiferia.umsida.ac.id/index.php/midwiferia

Muji Rahayu*, Rosmani Sinaga, Clinton Antony, Enda Angina Br Karo,
Dui Ronala Sihotang

Risk of Low Birth Weight Among Neonates Born to Mothers
With Preeclampsia : A Systematic Review

Crude A‘l"(;mt
Stud Samp effect
N Author/Y Country/Set y le Preec.lam Compara LBW. estima eff.ect Key Main
. . . psia definiti estima confounders/cova .
o. ear ting desi size oo tor . finding
definition on te riates
gn (n) (95% (95%
CI) ¢
CI)
Preeclamp
sia was
independe
ntly
Hypertensio associated
n with LBW.
accompanie The
128 dby LBW: OR adjusted
Indriany Indonesia; Dr. Case- (64 proteinuria  Mothers birth ’ 5.97 analysis
M. Yunus contr LBW; andedema  without . OR 95% Maternal age, parity, indicated
4 etal., 2024 . . weight . )
[26] Hospital, ol 64 arising preeclamps <2,500 9.49 CI education approxima
Bengkulu study non- from ia 1.22— tely sixfold
LBW) pregnancy g 29.22) higher
after 20 odds of
weeks' LBW
gestation among
mothers
with
preeclamp
sia.

Midwiferia Jurnal Kebidanan | https://midwiferia.umsida.ac.id/index.php/midwiferia

106

Oktober 2026 [ Volume 12 [ Issue 2


https://midwiferia.umsida.ac.id/index.php/midwiferia

Muji Rahayu*, Rosmani Sinaga, Clinton Antony, Enda Angina Br Karo,

Dui Ronala Sihotang

Risk of Low Birth Weight Among Neonates Born to Mothers
With Preeclampsia : A Systematic Review

Crud Adjus
e ted

Sam
N  Author/ Country/Se Study ple Preec.lam Comparat LB‘.)V. efﬂ.ect eff.ect Key Main
. . . psia definitio estim estima confounders/cov .
0. Year tting design size o s or . finding
(n) definition n ate te ariates
95% (95%
CD) CD)
Severe
preeclamp
sia was
Indonesia; Severe Conirol ls ignificant
Prof. Dr. 290 preeclamp mothers a};sociate d
. . LGN.G Retrospec (145 sia (PEB) . LBW/BB Matching was .
Nopiarmi ) i without the L i i with
Ngoerah tive case-  cases; as LR; birth OR used; additional
5 etal, . exposure/no . NR . . LBW,
General control 145 recorded in weight 2.59 adjusted covariates .
2024 [27] . rmal with
Hospital, study contro the . <2,500 g not reported .
. comparison approxim
Denpasar, Is) medical
i group ately 2.6-
Bali records
fold
higher
odds of
LBW.

Midwiferia Jurnal Kebidanan | https://midwiferia.umsida.ac.id/index.php/midwiferia

Oktober 2026 [ Volume 12 [ Issue 2

107


https://midwiferia.umsida.ac.id/index.php/midwiferia

Muji Rahayu*, Rosmani Sinaga, Clinton Antony, Enda Angina Br Karo,
Dui Ronala Sihotang

Risk of Low Birth Weight Among Neonates Born to Mothers
With Preeclampsia : A Systematic Review

Table 4. Thematic Synthesis and Evidence Consistency

Theme

Supporting
evidence

Consistency

Main finding

Preeclampsia
and increased
risk of LBW

[23-28]

High

All six primary studies reported a positive
association between preeclampsia and
LBW. Reported effect estimates indicated
substantially higher odds of LBW among
neonates born to  mothers  with
preeclampsia, although the magnitude
varied across studies.

Severe
preeclampsia
and greater
LBW risk

[24,27]

Moderate

Studies specifically evaluating severe
preeclampsia reported increased odds of
LBW. The magnitude of the association
varied across studies, suggesting that the
observed relationship may differ according
to disease severity and study characteristics.

Maternal  and
obstetric factors

[23,25,26,28]

Moderate

Maternal age, parity, anemia, gestational
age, and other obstetric characteristics were
considered potential confounding factors in
several studies. Differences in the variables
included in the adjustment models may
partly explain the variation in effect
estimates across studies.

Gestational age
and fetal growth

[25,26,28]

Moderate

Gestational age may play an important role
in the association between preeclampsia
and LBW. The higher risk of LBW
observed in pregnancies affected by
preeclampsia may be related to both
restricted fetal growth and earlier delivery.

Consistency of
the direction of
association

[23-28]

High

Although the studies varied in design,
population characteristics, definitions of
preeclampsia, and statistical adjustments,
all six reported a positive association
between maternal preeclampsia and LBW.
This consistency across studies suggests
that preeclampsia is associated with a
higher risk of LBW.
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Figure 2. Conceptual framework illustrating pathways linking maternal preeclampsia to low
birth weight

DISCUSSION

The association between preeclampsia and low birth weight (LBW) may involve several
related biological and obstetric factors rather than maternal hypertension alone. Placental
dysfunction and fetal growth restriction (FGR) may impair fetal growth, while medically
indicated preterm delivery can further lower birth weight by reducing the time available
for fetal development [3,4,13,20,21]. The strength of this association may also differ
according to the onset and severity of preeclampsia, maternal comorbidities, gestational
age at delivery, and access to timely obstetric and neonatal care [16,18]. Taken together,
LBW among neonates born to mothers with preeclampsia may reflect the combined

effects of impaired fetal growth and a shorter gestational period.

Placental dysfunction is an important biological pathway that may connect preeclampsia
with low birth weight (LBW). Impaired remodeling of the spiral arteries can reduce
uteroplacental blood flow and limit the delivery of oxygen and nutrients to the fetus
[3,4]. Continued placental hypoperfusion may contribute to endothelial dysfunction,
inflammation, and an imbalance in angiogenic factors, including alterations in the sFIt-

1/PIGF pathway [3,13]. These changes can interfere with normal placental function and
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fetal growth, increasing the risk of fetal growth restriction (FGR), small-for-gestational-
age (SGA), and subsequently LBW [4,13,18,20,21]. Inflammatory responses may
further aggravate placental and endothelial dysfunction and interfere with maternal—fetal
exchange [3,4,13]. This may partly explain the stronger association between early-onset

preeclampsia and FGR reported in previous studies [18,20,21].

Medically indicated preterm delivery is another factor that may contribute to low birth
weight (LBW) in pregnancies affected by preeclampsia. In severe preeclampsia,
continuing the pregnancy may expose the mother and fetus to serious complications,
such as eclampsia, stroke, pulmonary edema, impaired renal function, HELLP
syndrome, and placental abruption [1,2,4]. Early delivery may be needed to reduce these
risks, although it shortens gestational age and limits the time available for fetal growth
and development [1,2,4,9,12]. This may increase the risk of LBW. Thus, LBW in
pregnancies complicated by preeclampsia may result from both restricted fetal growth
and a shorter gestational period following medically indicated early delivery. The
contribution of these factors may differ according to the clinical phenotype and severity

of preeclampsia.

Overall, the available evidence suggests an association between early-onset or severe
preeclampsia and placental dysfunction, impaired fetal growth, preterm delivery, and
lower birth weight. However, the strength of these associations differs across studies and
appears to be influenced by the timing of disease onset and its severity. Early-onset
preeclampsia is more frequently associated with placental dysfunction and impaired fetal
growth than late-onset preeclampsia [4,18,20,21]. These variations may be influenced
by differences in diagnostic criteria, timing of onset and disease severity, maternal

characteristics, methods

of assessing fetal growth, timing of delivery, availability of health care resources, and
methods of controlling confounding factors [4,18,20,21]. Interpreting this relationship
also needs to consider that birth weight is influenced both by fetal growth and gestational
age. Therefore, research that does not clearly distinguish between FGR and prematurity

can produce different estimates of the relationship between preeclampsia and LBW.

The relationship between preeclampsia and low birth weight (LBW) can also vary based
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on maternal characteristics and clinical conditions. Early-onset preeclampsia and severe
preeclampsia are more often accompanied by placental dysfunction, fetal growth
restriction (FGR), and medically indicated preterm delivery. In contrast, late-onset
preeclampsia more often occurs near term and may have a greater contribution from
maternal cardiometabolic factors. Conditions such as chronic hypertension, kidney
disease, diabetes, obesity, a history of preeclampsia, and multiple pregnancies can
increase the risk of severe preeclampsia or superimposed preeclampsia and contribute to
adverse neonatal outcomes [1,2,4,11,21]. Gestational age at delivery is also an important
determinant because the shorter the gestation period, the more limited the opportunity
for the fetus to gain weight and the higher the risk of complications due to prematurity
[12,16]. Therefore, the risk of LBW needs to be understood based on the phenotype and
severity of preeclampsia, maternal comorbidities, as well as the timing and clinical
indications for delivery, rather than assuming preeclampsia as a uniform exposure

condition.

These findings support the need for coordinated obstetric, midwifery, and neonatal care
in pregnancies complicated by preeclampsia. Antenatal care should address more than
blood pressure control. It should also include early identification of severe preeclampsia,
assessment of maternal complications, regular monitoring of fetal growth, evaluation for
suspected fetal growth restriction (FGR), and timely referral when further management
is required [1,2]. More intensive monitoring and clear referral systems become
increasingly important in cases with severe signs, fetal growth disturbances, or
worsening maternal or fetal conditions [4]. If preterm delivery or low birth weight is
anticipated, coordination among the obstetric team, midwifery staff, and neonatal team

is required to support delivery planning and ensure the readiness of neonatal services.

These findings also indicate the need to strengthen the public health system, especially
in low- and middle-income countries, because delays in diagnosis, referral,
transportation, as well as limited access to specialized obstetric and neonatal services
can worsen the consequences of preeclampsia. For preterm and low birth weight infants,
essential services include maintaining body temperature, meeting nutritional needs,
applying kangaroo mother care when clinically appropriate, preventing infections, and
providing follow-up monitoring after discharge [9,10]. Integrating these interventions

into the referral system can help ensure that mothers at risk of preterm birth receive
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services at facilities capable of handling maternal and neonatal conditions adequately.
The consistent implementation of recommendations from WHO, ISSHP, and ACOG can
also support the standardization of risk assessment, timely interventions, and continuity

of services from the antenatal period through delivery [1,2,9].

This systematic review has several strengths. It focuses specifically on low birth weight
(LBW) as a neonatal outcome among mothers with preeclampsia and considers the
biological, clinical, obstetric, and health service factors that may be related to this
outcome [16,18]. The systematic search conducted in accordance with the PRISMA
2020 framework, together with a formal assessment of methodological quality, adds to
the methodological rigor of the review [20]. However, substantial heterogeneity was
observed among the included studies in terms of study design, population characteristics,
geographical setting, characteristics of preeclampsia, outcome definitions, and
approaches to controlling for confounding factors [23—28]. Some studies examined
hypertensive disorders of pregnancy more broadly, while others reported birth weight or
fetal growth restriction (FGR) as secondary outcomes. Variation in the definitions and
assessment methods used for LBW, FGR, small-for-gestational-age (SGA), and preterm
birth also limits direct comparison between studies. Given these methodological and
clinical differences, pooling the data quantitatively was not considered appropriate, and

a reliable overall effect estimate could not be established [23-28].

Future studies should consider well-designed prospective multicenter studies that use
standardized definitions for the onset and severity of preeclampsia, fetal growth
restriction (FGR), small-for-gestational-age (SGA), preterm birth, and low birth weight
(LBW) [16,17]. Distinguishing spontaneous preterm birth from medically indicated
preterm delivery would help determine how much LBW is related to restricted fetal
growth and how much may be associated with a shorter gestational period. Consistent
reporting of adjusted effect estimates, including odds ratios, risk ratios, or hazard ratios
with corresponding confidence intervals, would also improve comparisons between
studies and make future quantitative synthesis more feasible. A meta-analysis may be
appropriate when sufficient evidence with comparable study methods, populations, and
outcomes becomes available. More evidence from low- and middle-income countries is
also needed to examine whether antenatal monitoring, referral systems, obstetric care

capacity, and access to neonatal services are associated with LBW and related neonatal
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CONCLUSIONS

This systematic review found that low birth weight (LBW) among neonates born to mothers with
preeclampsia is associated with placental dysfunction, fetal growth restriction (FGR), and
medically indicated preterm delivery. The association may be stronger in cases of early-onset or
severe preeclampsia and may also be influenced by maternal comorbidities and gestational age at
delivery. These findings support the need for early risk assessment, regular monitoring of fetal
growth, timely referral, appropriate delivery planning, and coordinated neonatal care for
pregnancies complicated by preeclampsia. Future studies should focus on prospective multicenter
research using standardized outcome definitions and consistently reported adjusted effect
estimates, particularly in low- and middle-income countries. Meta-analysis may be feasible when
sufficient studies with comparable methodological and clinical characteristics become available.
However, given the heterogeneity among the included studies and the absence of a formal
assessment of the certainty of evidence, these findings should be interpreted as evidence of an

association rather than as definitive evidence of a causal relationship.
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