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ABSTRACT: 

High-risk pregnancies tend to have increased inflammatory responses, which may lead to poor maternal and neonatal 

outcomes. Postbiotics, non-viable microbial products with bioactivity, have been identified as an exciting intervention 

for immune function regulation and anti-inflammation. The qualitative study examines the effect of postbiotics on 

inflammatory markers during high-risk pregnancies, with the secondary data being retrieved from 10 peer-reviewed 

journals and obtained through the PRISMA sequence. Thematic analysis is to be used to organise results on the impact 

of postbiotic interventions on maternal and fetal inflammatory responses, especially in preeclampsia and gestational 

diabetes. This study seeks to summarise the available evidence, describe principal benign mechanisms of action, and 

determine areas of research deserts. The results will allow the in-depth characterisation of the potential of postbiotics 

as a safe and effective supplementary treatment to control inflammation status, propose a non-pharmaceutical 

alternative to support better pregnancy outcomes, and mitigate related risks. 
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1. INTRODUCTION: 

1.1 Background and Context: 
High-risk pregnancies are known to be an issue of 

global health concern; they are defined as pregnancies 

that have or develop conditions that cause risks to 

maternal and fetal health. Conditions such as 

preeclampsia, gestational diabetes mellitus (GDM), 

and intrauterine growth restriction (IUGR) tend to be 

similar to chronic, low-grade inflammation. Associated 

with this are boosted levels of inflammatory factors 

such as C-reactive protein (CRP) and various 

cytokines (such as IL-6, TNF-α), which can add to 

endothelial dysfunction, insulin resistance, and the 

pathology of the placenta (Xuan Nguyen et al. 2023). 

The microbiome of the gut has proven to be a major 

regulator of systemic inflammation, and a fair amount 

of data has established that a dysbiotic state can trigger 

an augmentation of inflammatory processes. The 

recent focus in the study has changed to using 

probiotics, prebiotics, and, in the new turn, postbiotics 

to regulate the gut microbiome, its pro-inflammatory 

effects. The problem is that the reduction of 

inflammation using stimulation with some live 

microorganism also implies the danger of having these 

microorganisms active in our organism; postbiotics, 

which include dead cells of the microorganism and 

their remains and metabolites, provide a more stable, 

safe, perhaps more specific solution to the issue of 

inflammation reduction. 
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Figure 1: Immune Dysregulation and Inflammation in Preeclampsia 

(Source: Herrock, Deer & LaMarca, 2023) 

 

1.2 Problem Statement: 
It has been acknowledged that systemic inflammation 

is associated with discouraging results in the 

pregnancy of the high-risk population; qualitative data 

have yet to be consolidated on the domains and 

effectiveness of postbiotics in addressing these 

inflammatory pathways. Although some individual 

studies are available, there is no comprehensive, 

systematic synthesis of the qualitative data, as is 

available in peer-reviewed studies. Such a lack of 

understanding poses challenges for healthcare 

providers to fully comprehend the therapeutic potential 

of postbiotics, thereby inhibiting the development of 

safe and effective adjunct therapies. The issue is that 

the situation with the existing evidence was 

fragmented. 

 

1.3 Aim and Objectives: 

Aim: 
This research would mainly intend to conduct a 

qualitative review of the available literature in a bid to 

establish the effects of postbiotics on inflammatory 

markers in high-risk pregnancies. 

 

Objectives: 

 To evaluate the effect of postbiotic 

supplementation on key inflammatory markers 

 To assess the association between changes in 

inflammatory markers and maternal pregnancy 

outcomes 

 To assess the potential role of postbiotics in 

improving maternal and fetal health outcomes 

by modulating inflammatory responses during 

high-risk pregnancies 

 

1.4 Purpose of this Research: 

This study is conducted with the aim of ensuring a 

synthesised evidence-based knowledge of how 

postbiotics help in alleviating inflammation in high-

risk pregnancies. The combination of a qualitative 

strategy, high-quality selection, and significant 

evidence of a rigorous selection process will collect 

fragmented information into an integrated story, which 

will support the clinical practice and future research. 

The study will be a key reference point to clinicians, 

researchers, and policymakers. 
 

2. LITERATURE REVIEW: 

2.1 High-Risk Pregnancy and Inflammation: 

A state of chronic and low-grade inflammation is 

commonly experienced in high-risk pregnancies. Such 

inflammatory reactions are not only a symptom but 

also an important pathogenic mechanism in the case of 

preeclampsia and gestational diabetes mellitus (GDM). 

Large-scale endothelial dysfunction is a hallmark of 

preeclampsia, which is amplified through a pro-

inflammatory cascade that entails an elevated cytokine 

such as IL-6 and TNF-α. On the same note, GDM is 

characterised by insulin resistance that is directly 

connected with systemic inflammation (Ray et al. 

2024). Higher inflammatory markers are frequent 

biomarkers in these conditions, and their level may be 

correlated with the severity of the outcome and poor 

fetal and maternal outcomes. 
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Figure 2: Transmitted Across Generations, Metabolic Diseases Via Maternal Low-Grade Chronic Inflammation 

(Source: Parisi et al. 2021) 

 

2.2 Gut Microbiome in Pregnancy: 

The microbiome of the gut changes profoundly during 

pregnancy and is critical in the metabolic and immune 

modulation of the mother. A healthy, balanced 

microbiome, called eubiosis, allows healthy immune 

and nutrient acquisition functions to help sustain 

healthy pregnancies. On the other hand, an imbalance 

in the microbial community, called dysbiosis, has been 

attributed to an induced systemic inflammation (de 

Oliveira et al. 2021). In such a dysbiotic state, the 

integrity of the gut barrier may be breached, and 

products derived from the microbiome may enter the 

blood circulation, thus initiating a pro-inflammatory 

process. 

 

 

Figure 3: Changes in Maternal Microbiome Physiology During Pregnancy 

(Source: Giannella et al. 2023) 

 

 

2.3 Probiotics, Prebiotics, and Postbiotics: 

Definition and Difference: 

 Probiotics are live microorganisms that exert 

health effects upon the application of a 

sufficient quantity (Latif et al. 2023). 

 Prebiotics are non-food elements that stimulate 

the germination of advantageous microbiotics 

(Jadhav et al. 2023). 

 Postbiotics are bioactive compounds generated 

during the fermentation of microorganisms 

such as cell wall materials, enzymes, peptides, 

and SCFAs, but lack viable bacteria (Scott, De 

Paepe & Van de Wiele, 2022). 
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Mechanisms of action of Postbiotics: 

 Immune modulation: balancing of T cells and 

cytokines. 

 Strengthening the intestinal epithelial particle 

barrier operations. 

 Anti-inflammatory signalling-SCFAs suppress 

NF-kB activation and suppress pro-

inflammatory cytokine transcription. 

 Glucose and lipid metabolic control (Fang et 

al. 2025). 

 

Uses and advantages of Probiotics: 

 Stability: Stable to storage and gastric acid. 

 Safety: No possibility of translocation of live 

bacteria (Moradi et al. 2020). 

 Standardisation: Bioactive composition. 

 

 

Figure 4: Maternal Supplementation of Probiotics, Prebiotics, and Postbiotics 

(Source: Huang, Tain & Hsu, 2022) 

 

2.4 Evidence of Postbiotics in Inflammation: 

Postbiotics have been found to reduce IL-6, TNF-α, 

and CRP and raise IL-10 and TGF-β, according to 

studies. In prepartum settings, they could enhance 

endothelial performance, reduce oxidative stress, and 

boost the perfusion of the placenta (Saha, Samadder & 

Nandi, 2023). Non-pregnant incidence figures prove 

their safety based on clinical trials; however, anyone 

carrying a pregnancy will have limited information. 

Postbiotic supplementation in animals lowers placental 

inflammation and increases fetal growth. 

 

2.5 Research Gap: 

Although some literature exists about the overall anti-

inflammatory effects of postbiotics, no truly 

comprehensive qualitative review exists yet on the 

potential influence of the tested on inflammatory 

markers in at-risk pregnancies. The existing literature 

remains scattered, and a systematic combination is 

required in order to integrate the discovered findings 

and locate evident treatment potentials. 

 

3. METHODOLOGY: 

The interpretivist philosophy of this research uses an 

inductive and exploratory research design (Casula, 

Rangarajan & Shields, 2021), to explain how 

postbiotics affect the inflammatory markers of high-

risk pregnancies.  

 

The PRISMA framework was used to collect 

secondary qualitative data from 10 peer-reviewed 

journals that have been systematically identified, thus 

ensuring the relevance to the postbiotics, 

inflammation, and conditions of high-risk pregnancy. 

The criteria of inclusion and exclusion guaranteed the 

selection of the studies, with a high methodological 

quality and strong thematic congruence with the topic 

of the research. 

The thematic analysis was used with regard to the 

chosen studies. Identification of the key concepts, 

similar patterns were coded and sorted into the 

generalised themes (Christou, 2022). This approach 

assisted in the synthesis of qualitative data to further 

understand the mechanisms and consequences of post-

biotic interventions in high-risk pregnancies. 
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PRISMA Framework 

 

Figure 5: PRISMA Framework 

(Source: Self-Developed) 

 

This PRISMA flow diagram describes systematic study 

selection for the SLR. 10 duplicates or ineligible 

records have been excluded prior to screening from 50 

records initially identified in databases. Following the 

screening of 40 records and the retrieval of 32 reports, 

27 have been evaluated for eligibility. After exclusion 

on grounds of relevance, methodological rigour, and 

population outcomes, 10 studies have been ultimately 

included in the review. 
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4. RESULTS: 

4.1 Systematic Literature Review Table 

Author(s

), Year 

Title Methodology Type of High-Risk 

Pregnancy 

Postbiotic Intervention 

(Type, Dose, Duration) 

Comparator / 

Control 

Inflammatory 

Markers Measured 

Key Findings Limitations 

Huang, 

Tain & 

Hsu, 

(2022) 

Mater

nal 

supple

mentat

ion of 

probio

tics, 

prebio

tics or 

postbi

otics 

to 

preven

t 

offspri

ng 

metab

olic 

syndro

me: 

the 

gap 

betwe

en 

preclin

ical 

results 

and 

clinica

l 

transla

tion 

Literature 

Review 

General SCFAs (Butyrate) Animal model 

 

IL-6, TNF-α Animal 

studies have 

found promise 

in the use of 

postbiotic 

metabolites 

such as 

butyrate as a 

preventive of 

inflammation 

and metabolic 

problems 

 

Limited 

clinical data 

Paul et al. 

(2022) 

The 

promis

ing 

Systematic 

Literature 

Review 

Type 2 Diabetes General Postbiotics - CRP, TNF-α There is also a 

parallel of 

GDM with 

Lack of focus 

on GDM 
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role of 

micro

biome 

therap

y on 

bioma

rkers 

of 

inflam

mation 

and 

oxidati

ve 

stress 

in type 

2 

diabet

es: a 

system

atic 

and 

narrati

ve 

review 

T2D: 

microbiome-

based 

therapies, 

postbiotics 

included, also 

succeed in 

lowering 

inflammatory 

markers in 

T2D 

Akanda 

& 

Mehjabin

, (2024) 

Potent

ial 

Role 

of 

Probio

tics, 

Prebio

tics, 

and 

Synbi

otics 

in 

Manag

ement 

of 

SLR & Meta 

analysis 

General  Probiotics, Prebiotics, 

and Synbiotics 

- Biomarkers, 

immunological 

markers 

Probiotics 

have 

beneficial 

effects on 

metabolic 

disorders 

Lack of 

specification 

of 

inflammatory 

markers 
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Metab

olic 

Syndr

ome 

and 

Chroni

c 

Metab

olic 

Diseas

e 

Lu et al. 

(2024) 

Mater

nal gut 

micro

biota 

in the 

health 

of 

mothe

rs and 

offspri

ng: 

From 

the 

perspe

ctive 

of 

immu

nology 

SLR GDM, HDP SCFAs, Butyrate - IL-1beta, IL-6, and 

TGFbeta 

Gut 

microbiota 

and maternal 

gut health 

Maternal-fetal 

interface data 

are limited 

Zdybel et 

al. (2025) 

Postbi

otics 

Formu

lation 

and 

Thera

peutic 

Effect 

in 

Inflam

SLR General SCFA, Lactobacillus, 

Bifidobacterium 

Mice model IL-6, TNF-α Therapeutic 

effect on 

postbiotics 

formulation 

Risk of bias 

requires 

cautious 

interpretation 
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mation

: A 

Syste

matic 

Revie

w 

Mills et 

al. (2025) 

Mater

nal gut 

micro

biome 

interve

ntions 

to 

impro

ve 

matern

al and 

perinat

al 

health 

outco

mes: 

Target 

produc

t 

profile 

expert 

consen

sus 

and 

pipelin

e 

analys

is 

Mixed-method Maternal EED Probiotics and LC-

PUFA, Microbial 

interventions 

Human model - Pipeline 

analysis on 

maternal gut 

health  

Availability of 

limited 

prevalence 

data 

Morales-

Ferré et 

al. (2021) 

Effect

s of a 

postbi

otic 

and 

Mixed-method General  SCFA, scGOS, lcFOS Rat model - Examine the 

effects of the 

supplementati

on with a 

postbiotic 

Perform a lack 

of comparison 

data analysis  
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prebio

tic 

mixtur

e on 

suckli

ng 

rats’ 

micro

biota 

and 

immu

nity 

Miller et 

al. (2024) 

Effect

s of 

Dietar

y 

Qualit

y on 

Vagina

l 

Micro

biome 

Comp

osition 

Throu

ghout 

Pregna

ncy in 

a 

Multi-

Ethnic 

Cohort 

Cohort Study 

 

General  Probiotics Human model - Dietary 

quality effects  

on   

maternal gut 

health  

Limited data 

about the 

vaginal 

microbiome 

during 

pregnancy and 

reproduction 

Mogoş et 

al. (2025) 

Intesti

nal 

Micro

biota 

in 

Early 

Life: 

SLR General  SCFAs - IL-10 Dysbiosis 

treatment 

approaches 

regarding the 

role 

Limited data 

survey 
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Latest 

Findin

gs 

Regar

ding 

the 

Role 

of 

Probio

tics as 

a 

Treat

ment 

Appro

ach for 

Dysbi

osis 

Doroftei 

et al. 

(2022) 

An 

update

d 

narrati

ve 

mini-

review 

on the 

micro

biota 

chang

es in 

antena

tal and 

post-

partu

m 

depres

sion 

Mini Literature 

Review 

General  SCFA - Inflammatory 

markers 

AND and 

PPD 

influenced the 

gut microbes  

Lack of a 

survey model 
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4.2 Thematic Analysis: 

4.2.1 The Effect of Postbiotic Supplementation 

on Key Inflammatory Markers: 
According to Paul et al. (2022), postbiotic metabolites, 

particularly SCFA, are consistently linked with pro-

inflammatory cytokine (IL-6, TNF-α) and CRP 

reductions. With the growth of anti-inflammatory 

regulators (IL-10, Treg induction) through GPCR 

signalling and HDAC inhibition, across reviews 

(Mogoş et al. 2025). There is little human 

interventional data in pregnancy. 

 

4.2.2 The Association between Changes in 

Inflammatory Markers and Maternal Pregnancy 

Outcomes: 

Reduced pro-inflammatory factors were associated 

with more favourable endothelial function, blood 

pressure, and glycaemic profiles in observational 

studies. The effects of postprandial elevation of SCFA-

rich dietary patterns are associated with a lower risk of 

PE and GDM, but well-designed trials are needed to 

identify causality (Morales-Ferré et al. 2021). 

 

4.2.3 The Role of Postbiotics in Improving 

Maternal and Fetal Health Outcomes by 

Modulating Inflammatory Responses During 

High-Risk Pregnancies: 
According to Lu et al. (2024), postbiotics can prevent 

placental inflammation, TGF-beta lowers the risk of 

preterm birth, and improves fetal growth by 

modulating immune balance and enhancing the barrier 

function. The evidence in current literature is 

encouraging in a mechanistic sense, but still requires 

pregnancy-specific RCTs to support clinical utility and 

regimens. 

 

4.3 DISCUSSION: 

This SLR of recent literature has high levels of 

mechanistic support toward postbiotics, particularly 

SCFAs, in reducing endothelial effects and the 

mechanisms controlling metabolism in lowering 

systemic and placental inflammation. Most of the 

evidence, however, is comprised of reviews, animal 

models, or observational human studies; there are few 

pregnancy-specific interventional trials of specific 

products of defined postbiotics. 

 

5. CONCLUSION AND 

RECOMMENDATIONS: 

5.1 Conclusion: 

This study emphasised the possibilities of postbiotics 

in regulating the inflammatory markers during high-

risk pregnancies. It is indicated that there are 

advantages associated with lowering CRP, IL-6, and 

TNF-α to enhance maternal and fetal outcomes. 

Nevertheless, the small number of clinical studies 

presents a necessity for further studies that are required 

to prove efficacy and safety. 

 

5.2 Recommendations: 

 Higher Usage of Postbiotics 

According to Goley & Garg (2025), clinical 

professionals are advised to take note of the growing 

postbiotics evidence as an adjunctive treatment in 

salvaging high-risk pregnancies. 

 Randomised Controlled Trials 

Well-designed randomised controlled trials to find out 

best dosages, safety profile, and long-term effects 

should be a priority among policymakers and 

researchers on the one hand; integrating 

multidisciplinary strategies to maternal care that 

address inflammation-related pregnancy complications 

on the other. 

 

5.3 Future Outlook: 

Further research needs to focus on the molecular 

aspects of postbiotic effects during pregnancy, 

different populations, and combination treatment with 

probiotics/prebiotics. Further developments in 

microbiome research and individualised food may 

improve personalised interventions (Matusheski et al. 

2021), providing more secure and effective methods of 

curing inflammation in the maternal settings with high 

risks. 
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