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ABSTRACT:

Background: Low birth weight (LBW) and preterm birth (PTB) are significant global
health challenges associated with increased neonatal morbidity and mortality. This
review aimed to comprehensively evaluate maternal, socioeconomic, and neonatal
risk factors for LBW and PTB to inform clinical practice and public health

interventions.

Method: We conducted a systematic review of meta-analyses published through
February 2025. PubMed, Scopus, Web of Science, and Cochrane databases were
searched for meta- analyses of observational studies examining risk factors for LBW
(<2500g) and PTB (<37 weeks of gestation). Risk factors were categorized by evidence
level (robust, highly suggestive, suggestive, or weak) based on statistical significance,
sample size, heterogeneity, and potential biases. Random-effects models were used to
calculate pooled odds ratios (ORs) with 95% confidence intervals (Cls).

Result: Our analysis included 86 meta-analyses encompassing 1,511 primary studies.
For LBW, the strongest risk factors were maternal hypertension (OR 3.90, 95% CI 2.73-
5.58), crack/ cocaine use (OR 2.82, 95% CI 2.26-3.52), and petriodontal disease (OR 2.41,
95% CI (1.67-3.47). For PTB, placenta previa (OR 5.32, 95% CI 4.39-6.45), amphetamine
exposure (OR 3.59, 95% CI 2.09-6.17) and chronic hypertension (OR 2.47, 95% CI 1.98-
3.07) showed the strongest associations. Seven risk factors demonstrated robust
evidence for PTB, while most LBW risk factors provided suggestive evidence. Medical
conditions and substance use represented the largest categories of risk factors for

both outcomes.
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Conclusion: This umbrella review identified multiple modifiable risk factors for
LBW and PTB with varying levels of evidence. Maternal hypertension, substance use,
and periodontal disease emerged as key targets for intervention. Integrated prenatal
care addressing both medical and psychosocial factors may help reduce the burden of
adverse birth outcomes. Future research should focus on interventions targeting
modifiable risk factors with robust evidence.

INTRODUCTION

Low birth weight (LBW), defined by the World Health Organization as a birth weight of less than 2,500 grams regardless
of gestational age, remains a major public health concern worldwide. It is one of the leading causes of neonatal morbidity
and mortality and has long-term implications for growth, development, and chronic disease risk in adulthood [1].
According to recent global estimates, more than 20 million infants are born with LBW each year, with the highest

prevalence in low- and middle-income countries [2].

Preterm birth (PTB), defined as delivery before 37 completed weeks of gestation, is another significant contributor to
adverse neonatal outcomes. Globally, about 15 million babies are born preterm annually, and the number is rising [3].
Preterm birth is associated with high mortality, high rates of neonatal intensive care admission, long-term

neurodevelopmental impairment, and increased risk of chronic diseases in later life [4].

The etiology of both LBW and PTB is multifactorial, involving complex interactions between maternal, fetal, placental,
and environmental factors [5]. Maternal factors play a crucial role in the incidence of both conditions. These include
maternal age (particularly teenage pregnancy or advanced maternal age), poor nutritional status, multiple gestations, low
pre-pregnancy body mass index (BMI), anemia, infections during pregnancy, chronic diseases such as hypertension or
diabetes, substance abuse, and inadequate antenatal care [6]. The maternal environment and health status significantly

influence fetal growth and pregnancy duration.

Socioeconomic and environmental factors also contribute substantially to adverse birth outcomes. Women from
disadvantaged backgrounds often face batriers to accessing quality maternal healthcare, proper nutrition, and education,
which increases the likelihood of LBW and PTB [7]. Stress, physical workload, exposure to environmental toxins, and
domestic violence are also associated with increased risks [8]. Neonatal factors, including intrauterine growth restriction
(IUGR), and congenital anomalies, have also been identified as contributors to LBW and PTB [9]. Babies born to mothers
with a history of obstetric complications are at a higher risk of being born too eatly or too small. Additionally, male
infants are generally at a higher risk of preterm birth and associated complications than female infants [10].

Despite extensive research on individual risk factors, there has been limited synthesis of the relative importance and
strength of evidence for different risk factors across multiple studies. Previous meta-analyses have typically focused on
specific risk factors or categories, without comprehensive comparison across the spectrum of potential determinants
[11,12]. This gap in knowledge hampers the development of integrated prevention strategies and the prioritization of
interventions.

The present meta-analysis aims to comprehensively evaluate the evidence for maternal, socioeconomic, and neonatal risk
factors for LBW and PTB, assess the strength of evidence for each risk factor, and identify the most significant modifiable
determinants. By synthesizing data from multiple meta-analyses and applying rigorous criteria for evidence assessment,
this study seeks to provide a comprehensive overview to inform clinical practice, public health interventions, and future

research priorities.
METHODS

This umbrella review and meta-analysis followed Cochrane Collaboration guidelines and was reported per the PRISMA
statement. We included meta-analyses of observational studies (cohort, case-control, cross-sectional) evaluating risk factors for
low birth weight (LBW; <2500 g) and/or preterm birth (PTB; <37 weeks gestation). Eligible studies reported pooled effect
estimates (odds ratios [ORs], relative risks [RRs], hazard ratios [HRs]) with 95% confidence intervals (Cls); included =3 primary
studies; assessed maternal, socioeconomic, environmental, or neonatal factors; and appeared in English peer-reviewed journals.
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Exclusions comprised meta-analyses on genetic/molecular factors only; those lacking quantitative data; narrative reviews,
editorials, case reports, ot abstracts; and ovetlapping analyses (retaining the most comprehensive/tecent based on sample size
and quality).

Searches covered PubMed, Scopus, Web of Science, and Cochrane Library from inception to February 2025, using terms like

EERNT3 < >

“low birth weight,” “preterm birth,” “risk factors,” “meta-analysis,” and “systematic review.” Reference lists were hand-
searched. Rayyan software facilitated selection by two independent reviewers (titles/abstracts/full texts). Extraction covered
first author/year, studies/participants, tisk factors, effect sizes/Cls, and 12 heterogeneity. Disagreements involved discussion
or a third reviewer. From 2,769 records, 86 meta-analyses were included (published 2000-2025; 65% post-2015). Median

ptimary studies: 9 (tange 3-152). Median cases/controls: 98/807. Cases >1,000 in 98 comparisons (57.6%) (figure 1).

PRISMA 2020 Flow Diagram for Umbrella Review

Identification of studies via databases and registers

@ Records identified from:
§ Databases (n = 2,769) Records removed before screening:
-
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- * Web of Science (n = 133)
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* No quantitative component (n=133)
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@ Studies included in review
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(meta-analysis)
(n = 86)

Note: An umbrella review of systematic reviews and meta-analyses.

Figure 1: Prisma flow diagram
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AMSTAR 2 evaluated methodological quality, classifying as high (32; 37.2%), moderate (28; 32.6%), low (18; 20.9%), or
critically low (8; 9.3%). Common limitations: no protocol registration, incomplete bias assessment, inadequate publication bias
checks. Assessments by two reviewers; consensus resolved discrepancies.

Pooled estimates (ORs, RRs, HRs) were extracted, interpreted cautiously across measures. Risk factors grouped as medical
conditions, substance use, maternal characteristics, environmental/occupational, psychosocial. Evidence strength rated: robust,
highly suggestive, suggestive, weak—based on significance, sample size, 1> (>50% = substantial heterogeneity), publication
bias. Sensitivity analyses excluded individual meta-analyses to test finding stability, where applicable.

RESULTS
Risk Factors for Low Birth Weight and Preterm Birth

The analysis identified fourteen maternal factors associated with increased risk of low birth weight. Figure 2 presents the ten
strongest risk factors, ranked by pooled odds ratio. Maternal hypertension showed the strongest association with low birth
weight (OR 3.90, 95% CI 2.73-5.58), followed by crack/cocaine use (OR 2.82, 95% CI 2.26-3.52), petiodontal disease (OR
2.41, 95% CI 1.67-3.47), and smoking (OR 2.00, 95% CI 1.76-2.28). Other significant factors included heavy physical
workload, maternal depression, and maternal underweight. Hypertension and smoking provided highly suggestive evidence,
while seven factors provided suggestive evidence. Heterogeneity was high for eight factors and moderate for six. Prediction

intervals excluded the null for five factors: hypertension, crack/cocaine use, smoking, depression, and anemia.

Forest Plot: Maternal Risk Factors for Low Birth Weight

Risk Factor OR [95% CI]
Hypenension L 390 [2.73, 5.54]
CrackiCocsine ————— 282 [2:26, 152
Periodontal Disease ——— 241167, 3.47]
Smaiing —— 200 [1.78, 2.28]

- 187 [1.00, 3.47)

[ 184 [1.34, 253
Undenweigt — 179 (120, 267)
Lifting 2 11 kg — 159 [1.02, 2.48]
Hypathyrokdtsm _— 140 (1,01, 194
Infertity - 134 [1:20, 1.48]

o 1 2z 3 4 5
Odds Ratio (95% CI)

Figure 2. Forest plot of the top 10 maternal risk factors for low birth weight
(Forest plot of the top 10 maternal risk factors associated with LBW, based on pooled odds ratios (ORs) and 95% confidence
intervals (Cls). Maternal hypertension had the highest tisk, followed by crack/cocaine use, petiodontal disease, and smoking.

Risk factors are color-coded by evidence level)

Maternal hypertension showed the strongest association with LBW (OR 3.90, 95% CI 2.73-5.58), followed by crack/cocaine
use (OR 2.82, 95% CI 2.26-3.52), and periodontal disease (OR 2.41, 95% CI 1.67-3.47). Other significant risk factors included
smoking (OR 2.00, 95% CI 1.76-2.28), heavy physical workload (OR 1.87, 95% CI 1.00-3.47), maternal depression (OR 1.84,
95% CI 1.34-2.53), and maternal underweight (OR 1.79, 95% CI

1.20-2.67).

For preterm birth, twenty-eight significantly associated risk factors were identified. Figure 3 shows the ten strongest
associations. Placenta previa had the largest effect, followed by amphetamine exposure (OR 3.59, 95% CI 2.09-6.17), isolated
single umbilical artery (OR 2.75, 95% CI 2.32-3.27), and chronic hypertension (OR 2.47, 95% CI 1.98-3.07).
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Forest Plot: Risk Factors for Preterm Birth

Risk Factor OR [95% CI]
Placenia Previa _— 5.32(4.39, 6.45]
Amphetamine Exposure - 359(2.09, 6.17)
Isolated Single Umbilical Artery _— 2.75[2.32, 327
‘Chronic Hypenension —_—— 2.47[1.98. 3.07]
Maternal Personality Disorder —— 197 [1.68, 2.:32]
Cancer Survivors —— 196172, 2:22)
Diabetes Mellitus — 1.93(1.66, 2.35]
Intimate Parner Violence —_—— 191160, 2.29]
Sieep-Breathing Disorder —— 1.75(1.52, 201]
Low Gestational Weight Gain - 1.70(1.62, 1.79]

Protecipk Factor

o 1 2 3 4 5 6 T 8
Odds Ratio (35% CI)

Figure 3. Forest plot of the top 10 maternal and neonatal risk factors for preterm birth
(Forest plot showing the 10 strongest risk factors for PTB, based on ORs and CIs. Placenta previa showed the strongest
association, followed by amphetamine exposure, isolated single umbilical artery, and chronic hypertension. Risk factors are
ranked by magnitude of association.)

Evidence strength did not always correspond to effect size, as some large associations were limited by heterogeneity, small-
study effects, or insufficient sample size. Preterm birth had more robust evidence factors than low birth weight. Medical
conditions were the largest category for both outcomes, while substance use was more prominent in low birth weight. Funnel-
plot analysis suggested small-study effects in 41 comparisons.

Compatison of Evidence Levels:

Figure 4 illustrates the relationship between various risk factors and their corresponding levels of research evidence for low
birth weight (LBW) and preterm birth (PTB). This visualization categorizes clinical findings to help differentiate between
robust, high-quality data and weaker, more preliminary associations. By mapping these factors, the figure provides a clear
hierarchy  that aids in  prioritizing  clinical interventions based on the strength of supporting
evidence.guides.library.stonybrook+1

Distribution of Risk Factors by Evidence Level

9 9
8
8
7
2
| I
0 Robust Highly Suggestive Suggestive
Evidence Level
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4
L
Weak

Figure 4 presents the distribution of risk factors by evidence level for both LBW and PTB.

@
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=
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The analysis revealed that PTB had more risk factors with robust evidence (n=7) compared to LBW (n=0). Both
outcomes had similar numbers of risk factors with highly suggestive evidence (LBW: n=2; PTB: n=8). The majority of
LBW risk factors provided suggestive evidence (n=7), while P'TB risk factors were more evenly distributed across evidence
levels.

Risk Factor Categories:

Risk factors were categorized into eight groups to identify patterns across different domains. Figure 5 categorizes
identified risk factors into distinct thematic groups to clarify the drivers behind low birth weight (LBW) and preterm birth

(PTB).

Distribution of Rlsk Factors by Category

. Low Birth Weight

1L

y @o f é"“ ny‘ Q‘ng d"”do yf Q@ \ef

Risk Factor Category

w

Number of Risk Factors
n

Figure 5 shows the distribution of risk factors by category for both outcomes.
Comparison of Top Risk Factors:

Figure 6 presents a side-by-side comparison of the five most significant risk factors for each outcome, ranked by the strength of their statistical
association. Together, these visuals illustrate the classification of diverse risk factors and highlight the primary determinants influencing both birth
outcomes. The comparison revealed that while some risk factors were specific to either LBW or PTB, others were common
to both outcomes.

Top Risk Factors for Low Birth Weight and Preterm Birth

Mo eftect (Oftw])

Hypertension (Low Birth Weight) 380(2.73. 5.58)

Crack/Cocaine (Low Birth Weight) 2821226, 3.52)
Periodontal Disease (Low Birth Weight) 2.4111.67.347]
Smoking (Low Birth Weight) 204176 228
Heavy Physical Workload {Low Birth Weight)

L87(1.00, 3.47)

Placenta Previa (Preterm Birth)

3414.29, 6.45]

Amphetamine Exposure (Preterm Birth) 31591209, 6171
Isolated Single Umbilical Artery (Preterm Birth) 275(2.32.3.27)
Chronic Hypertension (Preterm Birth) 247 [1.98, 2.07]
Outcome
Maternal Personality Disorder (Preterm Birth) 197 [168.2.32) W Preterm Birth

B Low Birth Weight

o 1 2 3 4 5 L
Odds Ratio (95% Confidence Interval)

Figure 6: compares the top five risk factors for each outcome based on the magnitude of association.
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Assessment of publication bias and small-study effects:

Funnel plots were visually inspected for asymmetry, and formal tests for small-study effects, including Egget’s regression test,
were applied where the number of studies was sufficient. Some funnel plots showed asymmetry, suggesting possible publication
bias or small-study effects for selected risk factors. However, most comparisons did not demonstrate statistically significant

evidence of funnel plot asymmetry, indicating that publication bias was not clearly evident across the majority of outcomes

assessed.
Funnel Plot for Publication Bias A t
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Figure 7: presents the funnel plot for the included studies.Discussion

This umbrella review synthesized evidence from 86 meta-analyses including 1,511 primary studies to evaluate risk factors
for low birth weight (LBW) and preterm birth (PTB). The findings confirm the multifactorial nature of these adverse birth
outcomes and identify several potentially modifiable factors that may inform clinical and public health interventions.

For LBW, maternal hypertension emerged as the strongest risk factor, with nearly a four-fold increase in risk. This is consistent
with the role of hypertensive disorders in pregnancy in causing placental insufficiency, reduced uteroplacental blood flow, and
impaired fetal growth [13]. Crack/cocaine use was the second strongest tisk factor, likely reflecting its vasoconstrictive effects
and adverse effects on maternal nutrition [14]. Periodontal disease was also strongly associated with LBW, supporting the

hypothesis that maternal oral infection may trigger systemic inflammatory responses that affect fetal growth [15].

For PTB, placenta previa showed the strongest association, with approximately a five-fold increased risk, [16]. The review has
several strengths, including broad coverage of LBW and PTB risk factors, direct comparison across outcomes, application of
evidence assessment criteria, and categorization of risk factors by domain. However, important limitations should be
acknowledged. These include dependence on the quality of included meta-analyses, inclusion of different observational study
designs, conversion of different effect measures into odds ratios, substantial heterogeneity, inability to assess cumulative or
interactive effects, and limited generalizability to low- and middle-income countries.

Clinically, the findings support comprehensive prenatal care that integrates screening and management of hypertension,
substance use, oral health, and mental health conditions [17,18]. Public health strategies should prioritize modifiable risk factors
supported by robust or highly suggestive evidence [19,20].

Future research should focus on intervention studies, cumulative risk profiling, implementation research in prenatal care,
studies in low- and middle-income settings, and biological mechanisms underlying these associations. Overall, this review
provides a foundation for targeted prevention and research priorities to reduce LBW and PTB.
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Conclusions: This extensive umbrella review, which consolidated data from 86 meta-analyses and more than 1,500 original
studies, offers a strong assessment of the risk factors linked to low birth weight (LBW) and preterm birth (PTB). The results

affirm that both conditions stem from intricate interactions among medical, behavioral, and socioeconomic factors.

For LBW, maternal hypertension, substance abuse, and periodontal disease were identified as the most significant modifiable
risk factors. Conversely, placenta previa, chronic hypertension, and exposure to certain substances showed the strongest
correlations with PTB. It is crucial to note that the robustness of the evidence differed among risk factors, highlighting that
clinical decisions should be based not only on the magnitude of the effect but also on the consistency and methodological
quality of the research.

In essence, these findings emphasize the vital necessity for comprehensive, interdisciplinary strategies in maternal healthcare.
Such approaches should concurrently address existing medical conditions, risky behaviors, and the broader social determinants
of health. By focusing on impactful, modifiable risk factors, there is a considerable opportunity to lessen the worldwide
prevalence of unfavorable birth outcomes.

Limitation

Several constraints must be acknowledged when interpreting the results of this umbrella review. Primarily, the findings are
contingent upon the methodological quality of the included meta-analyses, which may harbor residual biases. Significant
heterogeneity was observed across many comparisons, likely due to variations in study populations and definitions, which could
affect the consistency of the pooled estimates. Furthermore, the inclusion of diverse observational study designs and the
conversion of different effect measures (ORs, RRs, and HRs) may have introduced imprecision or bias related to temporality.
The presence of small-study effects in some analyses also suggests a potential overestimation of certain associations.
Additionally, this review focused on individual risk factors, thereby overlooking potential synergistic or cumulative effects.
Finally, because the majority of the data originated from high-income countries, the generalizability of these findings to low-

and middle-income settings—where the burden of adverse birth outcomes is most severe—may be limited.
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