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Abstract

Chronic low-grade inflammation is a condition that plays a
significant role in the onset of and leads to many long-term
diseases, including obesity, cardiovascular disorders,
metabolic syndrome, and cancer. Emerging scientific
evidence shows the role of the gut microbiota in regulating
inflammatory responses and maintaining systemic health.
The human gastrointestinal tract harbors a diverse and
complex microbial community that plays a crucial role in
regulating the immune system, metabolizing nutrients,
protecting against pathogens, and maintaining intestinal
barrier integrity. Changes in the makeup or function of this
microbial community, known as dysbiosis, are linked to
inflammation and metabolic issues. Dietary interventions
have gained attention as an effective method for restoring
microbial balance and controlling inflammation.
Functional foods, such as probiotics, prebiotics, and

bioactive compounds, can beneficially influence gut microbes by boosting the growth
of health-supporting bacteria and overcoming harmful microbial activity. Probiotics
enhance immune function and intestinal health, while prebiotics provide substrates that
selectively nourish beneficial microbes. Advances in microbiome research and
sequencing technologies have expanded understanding of host—microbe interactions,
enabling the development of targeted nutritional strategies. Overall, modulation of gut
microbiota through functional foods presents a promising, non-invasive approach to
reducing chronic inflammation and improving metabolic and immune health.
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Low-grade chronic inflammation

Inflammation is a natural biological response that helps the body maintain balance
when exposed to harmful or pathogenic factors [1]. However, when the triggering
stimulus persists or the inflammatory response fails to resolve properly, it can progress
into a state known as chronic low-grade inflammation [2]. This condition is closely
related to the rising incidence of serious long-term diseases, including obesity, cancer,
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CVDs, and cancer

foods such as
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and cardiovascular disorders, thereby increasing global morbidity and mortality rates.
The growing burden of chronic diseases highlights the urgent need to better understand
persistent inflammation, its underlying mechanisms, and effective preventive strategies
[3]. Evidence now clearly shows that unresolved low-grade inflammation leads to the
early stages of many age-related conditions [4]. Recent scientific contributions,
including work supported by the International Life Sciences Institute Europe, have
brought together current findings on acute and chronic inflammation and their
connections with cardiometabolic, gut, and cognitive health [5]. Research also
emphasizes the influence of dietary patterns and early-life nutrition on inflammatory
status. Traditional reliance on circulating inflammatory markers, particularly fasting
cytokines, has limitations due to their variability and low sensitivity [6]. As a result,
innovative and integrated assessment methods are being explored. Advances in
sequencing technologies have also transformed gut microbiome research, revealing a
complex microbial ecosystem influenced by genetics, lifestyle, diet, and medical
interventions [7][8]. A4s shown below in Figure I. Alterations in microbial composition,
known as dysbiosis, are associated with inflammatory and metabolic disorders,
although causal relationships remain under investigation [9].
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Figure 1: Schematic representation showing how acute inflammatory triggers can
evolve into chronic inflammation, which is associated with persistent immune
activation and diverse chronic neurological diseases.

Role of the normal gut microbiota

The connection between gut microbiota and human health has gained increasing
scientific attention, with strong evidence indicating that a balanced intestinal microbial
community is essential for maintaining overall well-being [10][11]. In healthy
individuals, the gut microbiota is primarily dominated by two major bacterial groups,
Bacteroidetes and Firmicutes [12]. Although microbial colonization in early infancy
appears irregular, it gradually matures and becomes similar to the adult microbial
profile by approximately three years of age [13]. Throughout life, microbial populations
vary across different regions of the gastrointestinal tract, from the esophagus to the
rectum [14]. Advances in genomic sequencing and bioinformatics have significantly
enhanced the ability to analyze gut microorganisms, their functions, and their
interactions with the host under both healthy and disease conditions [15]. A stable gut
microbiota supports key physiological processes, including nutrient absorption,
metabolism of drugs and foreign compounds, reinforcement of the intestinal barrier,
immune system regulation, and defense against harmful pathogens [16][17]. Multiple
factors influence microbial composition, such as mode of birth, dietary patterns during
infancy and adulthood, and exposure to antibiotics [18]. Excessive or prolonged
antibiotic use raises concerns due to long-term disruption of beneficial microbes and
the spread of antimicrobial resistance [19][20]. Growing research also highlights that
individual differences in microbial composition influence disease susceptibility.
Functional classification of microbes based on host interactions offers valuable insight
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into microbiota-related health outcomes and may advance future therapeutic strategies
[21].

Bacteria and the gastrointestinal tract: beneficial and harmful effects

Bacteria are distinctive microorganisms that perform numerous beneficial
physiological functions within the human body [19]. Nevertheless, they can also
become harmful when they move from the gastrointestinal tract to surrounding tissues,
particularly following surgical procedures. Such bacterial translocation may result in
contamination of surgical sites by intestinal microbes, including species such as
Escherichia coli, Proteus, and Klebsiella. In addition, the consumption of contaminated
food can lead to serious gastrointestinal infections, sometimes causing severe health
complications [22]. Healthcare professionals, especially those caring for surgical
patients, elderly individuals, infants, and immunocompromised patients, must
understand both the protective and harmful roles of bacteria [23]. The human
gastrointestinal tract contains an estimated 10'* microorganisms, greatly exceeding the
total number of human cells. Recent research showed the essential role of gut
microbiota composition in normal growth, immune system development, and central
nervous system function [24]. Dysbiosis, or an imbalance in microbial harmony, is
linked to various issues like digestive problems, obesity, heart disease, allergies, and
brain disorders [25]. The intestinal microbiota, which has co-evolved with the host,
plays a key role in preventing pathogen colonization through immune regulation and
nutrient competition. Breakdown of this protective community increases susceptibility
to infection and inflammation, highlighting the potential of microbiota-based therapies
in disease prevention and treatment [26].

The impact of gut microbes on metabolic health

The worldwide rise in NCDs (non-communicable diseases), e.g., diabetes, heart
disease, and cancer, has become a major public health concern over recent decades [27].
Besides overeating and lack of exercise, growing evidence shows gut microbes heavily
influence obesity and metabolic issues. The composition of intestinal microorganisms
varies widely both within the same individual over time and among different
individuals [28]. Unfavorable alterations in this microbial balance may increase
susceptibility to metabolic diseases. Experimental studies involving germ-free animals,
antibiotic-treated models, and microbiota transfer have provided evidence that
disruptions in gut microbial communities can influence metabolic outcomes [29].
Multiple biological pathways have been proposed to explain how gut microorganisms
affect energy regulation, fat storage, and insulin sensitivity. This body of research
highlights the potential link between gut microbiota and metabolic health, although
definitive cause-and-effect relationships remain to be fully established [30]. More
experimental and clinical research is needed to validate these links. Establishing a clear
causal link would support the development of targeted dietary strategies aimed at
modifying gut microbial composition for the prevention and management of metabolic
disorders [31]. As shown in figure 2.
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Figure 02: Integrated representation of gut microbiota, adipose tissue
inflammation, and vascular pathways contributing to systemic inflammatory
signaling that affects the brain and is associated with impaired cognitive function.
Development of functional foods:

Recent developments in the research of intestinal microbes have smoothed the way for
functional foods. Functional foods often include lactic fermentation products and can
be categorized into three groups on the basis of their action mechanism: probiotics,
prebiotics, and biogenics [32][33]. Probiotics are live microorganismes, i.e., lactobacilli
and bifidobacteria, that provide health benefits by improving the balance of intestinal
bacteria. Prebiotics are indigestible food parts (like oligosaccharides and fibers) that
boost beneficial gut bacteria, improving host health. Biogenics are bioactive
compounds (e.g., immune peptides, plant flavonoids) that benefit health
directly/indirectly by tweaking gut microbes. Functional foods contribute to
bioregulation, including stress management, appetite control, and nutrient absorption;
enhance biodefense by boosting immunity and reducing allergic responses; prevent
diseases, i.e., diarrhea, constipation, cancer, high cholesterol, and diabetes; and slow
aging by stimulating immunity and reducing mutagenesis, carcinogenesis, oxidative
stress, intestinal putrefaction, and cholesterol accumulation [15][33]. The concept of
probiotics was first proposed by Elie Metchnikoff in the early 1900s, who observed that
consuming live microbes like Lactobacillus bulgaricus in yogurt or fermented milk
improved gastrointestinal health [34]. Today, the World Health Organization (WHO)
and the Food and Agriculture Organization (FAO) define probiotics as “live
microorganisms that, when administered in adequate amounts, confer a health benefit
to the host” [35]. According to the International Scientific Association for Probiotics
and Prebiotics (ISAPP). Probiotics must meet specific criteria, which include precise
genus, species, and strain identification and proper nomenclature deposition in
international culture collections. At least one human study demonstrates health benefits.
Additionally, functional food products containing probiotics should provide sufficient
live microorganisms to exert health benefits throughout the product’s shelf life.
Probiotics must also tolerate harsh gastrointestinal conditions, inhibit pathogenic
microbes, support the host’s immune system, and maintain viability under food
processing conditions [36]. Bifidobacteria and lactic acid bacteria are the most widely
researched and utilized probiotics, although other genera such as Strepfococcus,
Enterococcus, Saccharomyces, and Bacillus have also been commercialized [37].
Lactobacillus is one of the most studied genera, and recent taxonomic updates have
introduced 23 new Lactobacillus genera, opening new avenues for research into their
probiotic potential [38]. Colon-resident microflora perform several vital functions,
making the gut a natural target for functional food development. For dairy applications,



the best probiotic should resist acid and bile, modulate the immune system, adhere to
epithelial cells, produce antimicrobial compounds, grow efficiently, and provide
measurable health benefits. The specific mechanisms of probiotics vary between strains,
while certain prebiotics (i.e., lactitol, inulin, lactulose, and xylitol) can enhance
probiotic activity in the gut [39].

Impact of probiotics, prebiotics & synbiotics on human wellness

A complex community of microorganisms lives in the human gastrointestinal tract.
Intestinal bacteria have co-evolved synergistically with their host, making them more
than just commensal. Beneficial gut microbes perform multiple critical functions,
including nutrient production, protection against pathogenic infections, and modulation
of normal immune responses [40]. Therefore, maintaining or restoring a favorable
balance in the intestinal microbiota is essential for host health. Introducing probiotics,
prebiotics, or synbiotics into the diet supports gut microbiota balance and may be
achieved through raw fruits and vegetables, fermented foods, dairy products,
pharmaceutical formulations, or functional foods [41]. This review summarizes the
current knowledge about the effects of probiotics, prebiotics, and synbiotics on human
health. Highlighting action mechanisms and evidence from verified studies as shown
in figure-3. The human gut contains thousands of bacterial species acquired during the
co-evolution of humans and microbes [42]. Gut microorganisms outnumber human
tissue cells by approximately tenfold, and metagenomics analyses reveal around 3.3
million microbial genes compared to about 23,000 human genes [43]. The role of gut
microbiota in health and disease is increasingly recognized, with imbalances in
conditions (i.e., autoimmune disorders, colon cancer, gastric ulcers, cardiovascular
disease, functional bowel disorders, and obesity) [44]. Probiotics have shown
promising results in clinical studies, and advances in microbiomes have sparked
growing scientific, industrial, and public interest in their use. Genomics and
bioinformatics may allow for personalized approaches to gut microbiota management
[45]. Fermented foods, consumed for nearly 10,000 years, host unique microbial
populations and provide bioactive peptides and metabolites beneficial to human health.
These foods can influence the gut microbiome both transiently and long-term, either
through metabolites or viable microorganisms [46]. Polyphenols, abundant in plant
foods, are another class of bioactive compounds with potential health benefits,
including cardiovascular protection, anti-inflammatory effects, and neuroprotection [45]
[47]. Despite decades of research, human studies show variable responses due to
interindividual differences, and mechanisms of action remain complex, involving gene
regulation and protein activity at multiple body sites [48]. Future research should focus
on identifying individuals who benefit most from polyphenols and elucidating the
underlying molecular mechanisms. Clinical trials have investigated polyphenol-rich
foods, such as chokeberry juice, for cardiovascular and metabolic outcomes, showing
mixed results on traditional biomarkers.

Figure 03: Schematic representation of synbiotic action demonstrating how
probiotics and prebiotics interact to modulate gut microbiota, promote metabolic
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Future direction

Functional food is the subject of extensive scientific research. Governments, academic
institutions, and private research organizations worldwide are putting in significant
efforts to understand how food ingredients and functional foods may help prevent
disease and infection, improve health, reduce healthcare costs, and raise the standard of
health for individuals. Nutrigenomics is an emerging field that examines the
relationship between diet and disease development based on a person’s genetic profile
[49]. This allows for the prescription of a personalized functional diet tailored to an
individual’s specific genetic makeup. This approach is expected to greatly influence the
future of new probiotic functional food products aimed at disease prevention. Next-
generation probiotics will focus on population-level strategies or personalized nutrition
strategies [50]. These will involve creating new probiotic formulations that include
indigenous gut bacteria effective for humans. Future research should also focus on
identifying functional lipids with superior antioxidant and hepatoprotective properties,
such as olive oil- and flaxseed-derived bioactive compounds, and incorporating these
ingredients into next-generation functional foods designed to prevent oxidative stress-
related metabolic disorders and liver diseases [51]. The development of novel
fermented functional foods using probiotic adjunct cultures, including Lactobacillus
rhamnosus, 1s expected to expand the diversity of probiotic products while improving
their nutritional value, microbial stability, and health-promoting potential [52].
Simultaneously, future functional meat products should emphasize improved quality,
biosafety, and nutritional attributes through advanced processing technologies and
stringent food safety strategies to enhance consumer confidence [53].

Innovative protein engineering approaches involving soy—whey hybrid proteins,
sustainable whey—corn protein formulations, and microbial transglutaminase
crosslinking are anticipated to generate functional protein ingredients with enhanced
digestibility, biological value, and technological functionality for use in personalized
nutrition [54,55]. Furthermore, the continued development of plant-based meat
analogues with improved physicochemical, microbial, sensory, and nutritional
characteristics will accelerate the transition toward sustainable dietary patterns while
satisfying increasing consumer demand for alternative protein sources [56]. The
incorporation of probiotic yogurt into personalized dietary interventions for weight
management and metabolic health is also expected to become an important component
of future functional nutrition programs targeting obesity and metabolic syndrome [57].
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Artificial intelligence will increasingly facilitate the formulation of personalized
functional foods by integrating dietary records, nutrigenomic profiles, metabolomic
biomarkers, and predictive computational models to optimize nutritional
recommendations for individual consumers [58]. Future functional foods should also
be specifically designed for different physiological groups, including athletes, by
incorporating targeted micronutrients such as zinc and other performance-enhancing
bioactive compounds capable of improving endocrine regulation, muscle development,
recovery, and overall physical performance [59]. Likewise, phytochemical-rich
functional diets capable of modulating epigenetic mechanisms, including DNA
methylation, may offer innovative nutritional approaches for reducing obesity, insulin
resistance, and associated metabolic disorders [60].

The convergence of functional foods with modern biotechnology is expected to enable
the production of nutritionally enhanced crops through advanced genome editing
approaches, including CRISPR-based technologies, allowing the development of plant
varieties possessing superior nutritional quality, enhanced bioactive compounds, and
improved resistance to environmental stresses and diseases [61,62,63]. Alongside these
innovations, ensuring microbiological safety, preventing food adulteration, and
minimizing heavy metal contamination throughout food production systems will
remain essential priorities for maintaining consumer confidence in future functional
foods [64]. Moreover, continued advances in plant-based functional foods will
contribute to sustainable nutrition by providing nutrient-dense alternatives with
scientifically validated health benefits while reducing dependence on conventional
animal-derived food products [65].

Artificial intelligence-assisted decision-support systems are expected to accelerate
functional food innovation by improving ingredient selection, formulation optimization,
supply-chain management, and commercialization strategies, thereby reducing
development costs and enhancing market competitiveness [66]. Personalized nutrition
will further benefit from Al-assisted healthcare platforms capable of integrating clinical
information, wearable devices, and dietary monitoring systems to generate
individualized nutritional recommendations that continuously adapt to changing
physiological conditions [67]. Such intelligent nutritional platforms may also facilitate
personalized rehabilitation strategies for patients recovering from musculoskeletal
disorders by integrating functional foods with individualized physical recovery
programs [68].

Future functional food development should increasingly incorporate sustainability
principles that extend beyond environmental protection to include social wellbeing,
responsible production systems, ethical ingredient sourcing, and equitable access to
nutritionally enhanced foods across different populations [69]. In addition, functional
foods specifically formulated for physically active individuals may optimize post-
exercise recovery, bone mineral metabolism, hormonal stability, lean muscle
preservation, and long-term athletic performance through evidence-based nutritional
interventions [70].

The application of advanced risk assessment and governance frameworks throughout
functional food production will strengthen quality assurance, traceability, regulatory
compliance, and consumer safety while supporting global commercialization of
innovative food products [71]. Emerging processing technologies, particularly
ultrasonication-assisted microbial transglutaminase crosslinking and high-moisture
extrusion, are expected to improve the structural integrity, digestibility, functional
properties, and sensory acceptability of plant-derived protein ingredients and next-
generation meat analogues [72].

Artificial intelligence will further transform functional food research through predictive
modeling of nutrient-gene—microbiome interactions, enabling highly personalized
dietary interventions capable of optimizing butyrate production, insulin sensitivity,
glucose homeostasis, and gut microbial balance in individuals with metabolic disorders
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such as type 2 diabetes mellitus [75,77]. Similarly, precision fermentation integrated
with artificial intelligence is anticipated to enable the efficient production of customized
bioactive compounds, peptides, vitamins, probiotics, and postbiotics for individualized
functional food formulations with enhanced therapeutic efficacy [75].

Future precision nutrition approaches will increasingly incorporate multi-omics
technologies, including genomics, metabolomics, proteomics, transcriptomics, and
microbiome analyses, to improve the understanding of host—diet interactions and
facilitate the identification of reliable biomarkers for personalized nutritional
interventions [78]. Polyphenol-rich nutraceuticals derived from agricultural by-
products, including pomegranate peel, are expected to become valuable ingredients for
future functional foods owing to their potential roles in improving glycemic regulation,
enhancing insulin sensitivity, and reducing oxidative stress associated with metabolic
diseases [79].

As environmental pollution continues to influence food quality, future investigations
should evaluate the effects of microplastics, nanoplastics, and emerging contaminants
on food safety, nutrient bioavailability, aquatic food resources, and overall human
health to ensure the long-term sustainability of functional food systems [80,78].
Artificial intelligence-driven automation and machine learning technologies are also
expected to improve food manufacturing, quality control, predictive maintenance,
consumer behavior analysis, and intelligent decision-making throughout the functional
food industry, resulting in greater production efficiency and product consistency
[81,82].

Future public health strategies should integrate functional foods into nutritional
programs designed for nutritionally vulnerable populations, including displaced
communities, socioeconomically disadvantaged groups, and university students
experiencing inadequate dietary intake, thereby addressing nutrition-related health
inequities on a broader population scale [83,84]. Finally, successful implementation of
next-generation functional foods will require multidisciplinary collaboration among
nutrition scientists, food technologists, clinicians, public health professionals,
policymakers, and industry stakeholders to promote sustainable food systems, improve
workforce wellbeing, strengthen healthcare outcomes, and maximize the societal
benefits of personalized nutrition worldwide [85].

Conclusion

The gut microbe has an important role in immune function maintenance and metabolic
stability, while disturbances in its composition are strongly related to chronic low-grade
inflammation and the development of long-term diseases. Evidence suggests that a
food-based approach, particularly the use of functional foods, i.e., probiotics and
prebiotics, can beneficially modulate intestinal microbial balance and reduce
inflammatory responses. Advances in microbiome research have enhanced
understanding of host-microbe interactions and their impact on health. Targeted
nutritional strategies, therefore, offer a promising, non-invasive approach for improving
gut health. Continued research is essential to optimize functional food applications for
effective disease prevention.

Acknowledgement

This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors. Hira Nawaz and Ali Haider contributed to the
conceptualization, writing original draft. Saira Sattar: Supervision, writing review-
editing. Moiza Noor: Writing-review and editing. Ayesha Mukhtar: Formal analysis,
visualization. Unaiza Mariyam: conceptualization, data curation. Saima Sarwar:
writing-review and editing. Nida Shahbaz: Data Curation. All authors contributed to
the design of this systematic review and to the text and the content of the manuscript,
including revisions and edits. All authors approve the content of the manuscript and
agree to be held accountable for the work.

Page 2239



REFERENCES

Gusev, E., & Zhuravleva, Y. (2022). Inflammation: A new look at an old problem.
International ~ Journal  of  Molecular  Sciences,  23(9),  4596.
https://doi.org/10.3390/ijms22105277

Cifuentes, M., Verdejo, H. E., Castro, P. F., Corvalan, A. H., Ferreccio, C., Quest, A.
F., ... & Lavandero, S. (2024). Low-grade chronic inflammation: a shared
mechanism for chronic diseases. Physiology. https://sci-
hub.vg/10.1152/physiol.00021.2024

Hacker, K. (2024). The burden of chronic disease. Mayo Clinic Proceedings:
Innovations,  Quality &  Outcomes, 8(1), 112-119.  https://sci-
hub.vg/10.1016/j.mayocpiqo.2023.08.005

Alsaleh, G., Richter, F. C., & Simon, A. K. (2022). Age-related mechanisms in the
context of rheumatic disease. Nature Reviews Rheumatology, 18(12), 694-710.
https://sci-hub.vg/10.1038/s41584-022-00863-8

Fekete, M., Lehoczki, A., Kryczyk-Poprawa, A., Zabo, V., Varga, J. T., Balint, M., ...
& Varga, P. (2025). Functional Foods in Modern Nutrition Science: Mechanisms,
Evidence, and Public Health Implications. MNutrients, 17(13), 2153.
https://doi.org/10.3390/nul7132153

Khalafi, M., Habibi Maleki, A., Mojtahedi, S., Ehsanifar, M., Rosenkranz, S. K.,
Symonds, M. E., ... & Fernandez, M. L. (2025). The effects of intermittent fasting
on inflammatory markers in adults: A systematic review and pairwise and
network meta-analyses. Nutrients, 17(15), 2388.
https://doi.org/10.3390/nul7152388

Shang, Z., Pai, L., & Patil, S. (2024). Unveiling the dynamics of gut microbial
interactions: a review of dietary impact and precision nutrition in gastrointestinal
health. Frontiers in Nutrition, 11, 1395664.
https://doi.org/10.3389/fnut.2024.1395664

Parizadeh, M., & Arrieta, M. C. (2023). The global human gut microbiome: genes,
lifestyles, and diet. Trends in Molecular Medicine, 29(10), 789-801.

Metwaly, A., Reitmeier, S., & Haller, D. (2022). Microbiome risk profiles as
biomarkers for inflammatory and metabolic disorders. Nature reviews
Gastroenterology & hepatology, 19(6), 383-397. https://doi.org/10.1038/s41575-
022-00581-2

Van Hul, M., Cani, P. D., Petitfils, C., De Vos, W. M., Tilg, H., & EI-Omar, E. M.
(2024). What defines a healthy gut microbiome?. Gut, 73(11), 1893-1908.
https://doi.org/10.1136/gutjnl-2024-333378

Wijesekara, T., Abeyrathne, E. D. N. S., & Ahn, D. U. (2024). Effect of bioactive
peptides on gut microbiota and their relations to human health. Foods, 13(12),
1853. https://doi.org/10.3390/foods13121853

Cheng, Z., Zhang, L., Yang, L., & Chu, H. (2022). The critical role of gut microbiota
in obesity. Frontiers in endocrinology, 13, 1025706.
https://doi.org/10.3389/fend0.2022.1025706

Xiao, L., & Zhao, F. (2023). Microbial transmission, colonisation and succession: from
pregnancy to infancy. Gut, 72(4), 772-786. https://doi.org/10.1136/gutjnl-2022-
328970

McCallum, G., & Tropini, C. (2024). The gut microbiota and its biogeography. Nature
Reviews Microbiology, 22(2), 105-118. https://doi.org/10.1038/s41579-023-
00969-0

Pedroza Matute, S., & Iyavoo, S. (2023). Exploring the gut microbiota: lifestyle choices,
disease associations, and personal genomics. Frontiers in Nutrition, 10,1225120.
https://doi.org/10.3389/fnut.2023.1225120

Liu, J., Tan, Y., Cheng, H., Zhang, D., Feng, W., & Peng, C. (2022). Functions of gut
microbiota metabolites, current status, and future perspectives. Aging and disease,
13(4), 1106. https://doi.org/10.14336/AD.2022.0104

Page 2240


https://doi.org/10.3390/ijms22105277
https://sci-hub.vg/10.1152/physiol.00021.2024
https://sci-hub.vg/10.1152/physiol.00021.2024
https://sci-hub.vg/10.1016/j.mayocpiqo.2023.08.005
https://sci-hub.vg/10.1016/j.mayocpiqo.2023.08.005
https://sci-hub.vg/10.1038/s41584-022-00863-8
https://doi.org/10.3390/nu17132153
https://doi.org/10.3390/nu17152388
https://doi.org/10.3389/fnut.2024.1395664
https://doi.org/10.1038/s41575-022-00581-2
https://doi.org/10.1038/s41575-022-00581-2
https://doi.org/10.1136/gutjnl-2024-333378
https://doi.org/10.3390/foods13121853
https://doi.org/10.3389/fendo.2022.1025706
https://doi.org/10.1136/gutjnl-2022-328970
https://doi.org/10.1136/gutjnl-2022-328970
https://doi.org/10.1038/s41579-023-00969-0
https://doi.org/10.1038/s41579-023-00969-0
https://doi.org/10.3389/fnut.2023.1225120
https://doi.org/10.14336/AD.2022.0104

Pasupuleti, V., Yadav, K., Baviskar, S. M., Pradhan, M., Vora, L. K., & Kumar Khatri,
D. (2025). Natural and Biological Products Therapeutic Potential in Restoring
Gut Microbiome: Mechanistic Insights and Clinical Implications. Probiotics and
Antimicrobial Proteins, 1-38. https://doi.org/10.1007/s12602-025-10796-9

Martin-Rodriguez, A., Bustamante-Sanchez, A., Martinez-Guardado, 1., Navarro-
Jiménez, E., Plata-SanJuan, E., Tornero-Aguilera, J. F., & Clemente-Suarez, V.
J. (2022). Infancy dietary patterns, development, and health: an extensive
narrative review. Children, 9(7), 1072. https://doi.org/10.3390/children9071072

Zimonczyk, M., Zawo6l, M., Nojek, P., Pawlik, W., Blaszczynski, G., & Nowotarska,
A. The Impact of prolonged antibiotic use on the development of bacterial
resistance-a literature review. J. Educ. Heal. Sport, 71, 56137.

Sharma, S., Chauhan, A., Ranjan, A., Mathkor, D. M., Haque, S., Ramniwas, S., ... &
Yadav, V. (2024). Emerging challenges in antimicrobial resistance: implications
for pathogenic microorganisms, novel antibiotics, and their impact on
sustainability. Frontiers in microbiology, 15, 1403168.
https://doi.org/10.3389/fmicb.2024.1403168

Cruz, N., Abernathy, G. A., Dichosa, A. E., & Kumar, A. (2022). The age of next-
generation therapeutic-microbe discovery: exploiting microbe-microbe and host-
microbe interactions for disease prevention. Infection and immunity, 90(5),
€00589-21. https://doi.org/10.1128/ia1.00589-21

Da Silva, R., & Casella, T. (2022). Healthcare-associated infections in patients who are
immunosuppressed due to chemotherapy treatment: a narrative review. The
Journal of Infection in Developing Countries, 16(12), 1784-1795.
https://orcid.org/0000-0002-1596-2734

Granath, A., Eriksson, K., & Wikstrom, L. (2022). Healthcare workers’ perceptions of
how eHealth applications can support self-care for patients undergoing planned
major  surgery. BMC  Health  Services  Research, 22(1), 844.
https://doi.org/10.1186/s12913-022-08219-4

Sittipo, P., Choi, J., Lee, S., & Lee, Y. K. (2022). The function of gut microbiota in
immune-related neurological disorders: a review. Journal of Neuroinflammation,
19(1), 154. https://doi.org/10.1186/s12974-022-02510-1

Kandpal, M., Indari, O., Baral, B., Jakhmola, S., Tiwari, D., Bhandari, V., ... & Jha, H.
C. (2022). Dysbiosis of gut microbiota from the perspective of the gut—brain axis:
role in the provocation of neurological disorders. Metabolites, 12(11), 1064.
https://doi.org/10.3390/metabo12111064

Seo, H., Kim, S., Beck, S., & Song, H. Y. (2024). Perspectives on microbiome
therapeutics in infectious diseases: A comprehensive approach beyond
immunology and microbiology. Cells, 13(23), 2003.
https://doi.org/10.3390/cells13232003

Peng, W., Chen, S., Chen, X.,Ma, Y., Wang, T., Sun, X., ... & Wang, Y. (2024). Trends
in major non-communicable diseases and related risk factors in China 2002-2019:
an analysis of nationally representative survey data. The Lancet Regional Health—
Western Pacific, 43.

Shalon, D., Culver, R. N., Grembi, J. A., Folz, J., Treit, P. V., Shi, H., ... & Huang, K.
C. (2023). Profiling the human intestinal environment under physiological
conditions. Nature, 617(7961), 581-591. https://doi.org/10.1038/s41586-023-
05989-7

Metwaly, A., Kriaa, A., Hassani, Z., Carraturo, F., Druart, C., Arnauts, K., ... & Haller,
D. (2025). A Consensus Statement on establishing causality, therapeutic
applications and the use of preclinical models in microbiome research. Nature
Reviews Gastroenterology & Hepatology, 22(5), 343-356.
https://doi.org/10.1038/s41575-025-01041-3

Li, J., Gao, X., Sun, X., Li, H., Wei, J., Lv, L., & Zhu, L. (2024). Investigating the
causal role of the gut microbiota in esophageal cancer and its subtypes: a two-

Page 2241


https://doi.org/10.1007/s12602-025-10796-9
https://doi.org/10.3390/children9071072
https://doi.org/10.3389/fmicb.2024.1403168
https://doi.org/10.1128/iai.00589-21
https://orcid.org/0000-0002-1596-2734
https://doi.org/10.1186/s12913-022-08219-4
https://doi.org/10.1186/s12974-022-02510-1
https://doi.org/10.3390/metabo12111064
https://doi.org/10.3390/cells13232003
https://doi.org/10.1038/s41586-023-05989-7
https://doi.org/10.1038/s41586-023-05989-7
https://doi.org/10.1038/s41575-025-01041-3

sample Mendelian randomization study. BMC cancer, 24(1), 4l6.
https://doi.org/10.1186/s12885-024-12205-w

Patial, R., Batta, I., Thakur, M., Sobti, R. C., & Agrawal, D. K. (2024). Etiology,
pathophysiology, and treatment strategies in the prevention and management of
metabolic syndrome. Archives of internal medicine research, 7(4), 273.
https://doi.org/10.26502/aimr.0184

Balthazar, C. F., Guimaraes, J. F., Coutinho, N. M., Pimentel, T. C., Ranadheera, C. S.,
Santillo, A., ... & Sant'Ana, A. S. (2022). The future of functional food: Emerging
technologies application on prebiotics, probiotics and postbiotics.
Comprehensive Reviews in Food Science and Food Safety, 21(3), 2560-2586.
https://doi.org/10.1111/1541-4337.12962

Rashid, G., Sharma, L., & Khan, N. (Eds.). (2024). Probiotics: A comprehensive guide
to enhance health and mitigate disease. CRC Press.

Georgieva, M., Georgiev, K., & Hvarchanova, N. (2022). Probiotics: past, present, and
future challenges. In Probiotics in the prevention and management of human
diseases (pp. 431-448). Academic Press. https://doi.org/10.1016/B978-0-12-
823733-5.00025-8

Rayyan, W. A., Fararjeh, A. F. S., & Seder, N. (2023). Probiotic therapy: a survey of
Middle Eastern healthcare providers’ attitudes, beliefs, and practice patterns.
Journal  of Applied  Pharmaceutical  Science, 13(10), 172-180.
https://doi.org/10.7324/JAPS.2023.143603

Yoha, K. S., Nida, S., Dutta, S., Moses, J. A., & Anandharamakrishnan, C. (2022).
Targeted delivery of probiotics: perspectives on research and commercialization.
Probiotics and Antimicrobial Proteins, 14(1), 15-48.
https://doi.org/10.1007/s12602-021-09791-7

Sarita, B., Samadhan, D., Hassan, M. Z., & Kovaleva, E. G. (2025). A comprehensive
review of probiotics and human health-current perspectives and applications.
Frontiers in Microbiology, 15, 1487641.
https://doi.org/10.3389/fmicb.2024.1487641

Shah, A. B., Baiseitova, A., Zahoor, M., Ahmad, 1., Ikram, M., Bakhsh, A., ... & Al-
Zharani, M. (2024). Probiotic significance of Lactobacillus strains: A
comprehensive review on health impacts, research gaps, and future prospects. Gut
Microbes, 16(1),2431643. https://doi.org/10.1080/19490976.2024.2431643

You, S., Ma, Y., Yan, B., Pei, W., Wu, Q., Ding, C., & Huang, C. (2022). The
promotion mechanism of prebiotics for probiotics: A review. Frontiers in
Nutrition, 9, 1000517. https://doi.org/10.3389/fnut.2022.1000517

Colella, M., Charitos, I. A., Ballini, A., Cafiero, C., Topi, S., Palmirotta, R., &
Santacroce, L. (2023). Microbiota revolution: How gut microbes regulate our
lives. World  journal of  gastroenterology, 29(28), 4368.
https://doi.org/10.3748/wjg.v29.128.4368

Kumar, D., Lal, M. K., Dutt, S., Raigond, P., Changan, S. S., Tiwari, R. K., ... & Singh,
B. (2022). Functional fermented probiotics, prebiotics, and Synbiotics from non-
dairy products: A perspective from nutraceutical. Molecular nutrition & food
research, 66(14), 2101059. https://doi.org/10.1002/mnfr.202101059

Dahiya, D., & Nigam, P. S. (2022). Probiotics, prebiotics, synbiotics, and fermented
foods as potential biotics in nutrition improving health via the microbiome-gut-
brain axis. Fermentation, 8(7), 303.
https://doi.org/10.3390/fermentation8070303

Mathuria, A., Chaudhary, A., Sharma, H., & Mani, I. (2024). Multi-omics in gut
microbiome. In Multi-omics analysis of the human microbiome: from technology
to clinical applications (pp. 181-213). Singapore: Springer Nature Singapore.
https://doi.org/10.1007/978-981-97-1844-3 9

Noor, M., Hassan, A., Safdar, Z., Zubair, 1., Rehman, M., Munir, M., Tariq, S. B., &
Khan, H. A. (2025). Role of immunohistochemistry in diagnosing infectious

Page 2242


https://doi.org/10.1186/s12885-024-12205-w
https://doi.org/10.26502/aimr.0184
https://doi.org/10.1111/1541-4337.12962
https://doi.org/10.1016/B978-0-12-823733-5.00025-8
https://doi.org/10.1016/B978-0-12-823733-5.00025-8
https://doi.org/10.7324/JAPS.2023.143603
https://doi.org/10.1007/s12602-021-09791-7
https://doi.org/10.3389/fmicb.2024.1487641
https://doi.org/10.1080/19490976.2024.2431643
https://doi.org/10.3389/fnut.2022.1000517
https://doi.org/10.3748/wjg.v29.i28.4368
https://doi.org/10.1002/mnfr.202101059
https://doi.org/10.3390/fermentation8070303
https://doi.org/10.1007/978-981-97-1844-3_9

granulomas: TB and fungal infections. Journal of Medical & Health Sciences
Review, 2(4). https://doi.org/10.65035/e33zrc09

Salehi, M., & Emami, A. (2023). Genomics in Personalized Medicine with Microbiome
Approach. International Journal of BioLife Sciences (IJBLS), 2(2), 150-160.
https://doi.org/10.22034/ijbls.2023.185482

Leeuwendaal, N. K., Stanton, C., O’toole, P. W., & Beresford, T. P. (2022). Fermented
foods, health, and the gut microbiome. Nutrients, 14(7), 1527.

Noor M, M Sarfraz, Z Safdar & S Mushtaq. The Role of the Complement System in
the Pathogenesis of Infectious and AutoimmuneDiseases. Biological Times. 2025.
September 4(9): 10-11.

Noor, M., Bibi, H., Gurwani, L., Ahmadani, W., Sohail, A., Faiz, S., Ahmad, K., &
Murtaza, F. (2025). The expanding role of laboratory biomarkers in
cardiovascular diseases: Clinical and emerging perspectives. The Research of
Medical Science Review. https://doi.org/10.5281/zenodo.17519042

Saleem, M. A. U., Danish, M. A. U., Bano, F., Waqas, M., Qadir, M. F., Luo, J., ... &
Tang, J. X. (2026). Nutrigenomics: A comprehensive review of gene-diet
interactions for personalized nutrition and disease prevention. Nanomedicine and
Nutrigenomics, 239-267.

Singh, V. K., Hu, X. H., Singh, A. K., Solanki, M. K., Vijayaraghavan, P., Srivastav,
R., ... & Kumar, A. (2024). Precision nutrition-based strategy for management of
human diseases and healthy aging: Current progress and challenges forward.
Frontiers in Nutrition, 11, 1427608. https://doi.org/10.3389/fnut.2024.1427608

Khan, Wagas Ahmad, Muhammad Inam-ur-Raheem, Hina Rasheed, Muhammad
Abdullah Butt, Farhan Saeed, Muhammad Afzaal, Faiyaz Ahmed, Noor Akram,
Aasma Asghar, and Gebremichael Gebremedhin Hailu. "Comparative effect of
olive oil and flaxseed oil on drug induced hepatotoxicity in rats." Food Science
& Nutrition 12, no. 11 (2024): 9673-9681.

Ahmed, Naveed, Muhammad Saeed, Aasma Asghar, Muhammad Abdullah Butt,
Muhammad Afzaal, Farhan Saeed, Rizwan Wahab et al. "Utilization of
Lactobacillus rhamnosus as probiotic adjunct culture for the development of
tempeh." International Journal of Food Properties 27, no. 1 (2024): 1279-1289.

Butt, Muhammad Abdullah, Rizwan Shukat, Muhammad Afzaal, Farhan Saeed, Ali
Imran, Aftab Ahmed, Fakhar Islam et al. "Comparative evaluation of the quality
and safety attributes of local and branded beef seekh kabab." Cogent Food &
Agriculture 10, no. 1 (2024): 2360769.

BUTT, MUHAMMAD ABDULLAH, MUHAMMAD UMAIR ARSHAD, ALI
IMRAN, and MUHAMMAD AFZAAL. "NUTRITIONAL AND BIOSAFETY
ASSESSMENT OF A NOVEL SOY-WHEY HYBRID PROTEIN
CROSSLINKED BY MICROBIAL TRANSGLUTAMINASE IN SPRAGUE
DAWLEY RATS." TPM-Testing, Psychometrics, Methodology in Applied
Psychology 32, no. S7 (2025): Posted 10 October (2025): 597-608.

Butt, Muhammad Abdullah, Muhammad Hameez Shahzad, Samiyah Tasleem, Rabiya
Riaz, Xianjiang Ye, Burhan Khalid, Muhammad Atiq Ashraf et al. "Design of a
Sustainable Whey—Corn Hybrid Protein Powder for Enhanced Nutrition,
Functionality, and Environmental Stewardship." Innovative Research in Applied,
Biological and Chemical Sciences 3, no. 2 (2025): 32-51.

BUTT, MUHAMMAD ABDULLAH, MUHAMMAD UMAIR ARSHAD,
SAMIYAH TASLEEM, ALI IMRAN, and MUHAMMAD AFZAAL.
"COMPARATIVE ANALYSIS OF CHICKEN AND MEAT ANALOGUE
PATTIES: EVALUATING PHYSICOCHEMICAL, COOKING, TEXTURAL,
MICROBIAL, AND SENSORY ATTRIBUTES." TPM-Testing, Psychometrics,
Methodology in Applied Psychology 32, no. S6 (2025): Posted 15 September
(2025): 1274-1285.

Page 2243


https://doi.org/10.65035/e33zrc09
https://doi.org/10.22034/ijbls.2023.185482
https://doi.org/10.5281/zenodo.17519042
https://doi.org/10.3389/fnut.2024.1427608

Rashid, Mian Shahan, Zubaria Gull, Muhammad Abdullah Butt, Sawera Hayat,
Shnshah E. Azam, Shazia Saeced, Muhammad Mudassar Bashir et al. "The Role
of Functional Probiotic Yogurt Consumption in Medical Weight Loss: A GLP-1
Friendly Nutritional Approach to Metabolic Health in UK Adults: https://doi.
org/10.5281/zenodo. 19121209." Pakistan Journal of Medical & Cardiological
Review 5,no0. 1 (2026): 1623-1632.

Kamal, Numra, Muhammad Abdullah Butt, and Umer Javeid. "An empirical study on
the effectiveness of artificial intelligence tools in English language acquisition
and teaching strategies within an ESG framework." Social Science Review
Archives 4, no. 1 (2026): 3562-3568.

Mahmood, Basit, Minahil Arif, Hafiz Muhammad Moiz Basit, Beenesh Nadeem,
Ammarah Abdullah, and Muhammad Abdullah Butt. "Long-term knee joint
loading alterations in athletes 5 years post-ACL reconstruction: A comparative
gait analysis." Pakistan Journal of Medical & Cardiological Review 5, no. 2
(2026): 310-321.

Butt, Muhammad Abdullah, Muhammad Asif Ali, Anam Ishaq, Ambreen Saleem,
Sawera Hayat, and Nida Khalil. "The Influence Of Dietary Zinc Supplementation
On The Expression Of Insulin-Like Growth Factor 1 (Igf-1) In Adolescent
Athletes: https://doi. org/10.5281/zenodo. 19438363." Pakistan Journal of
Medical & Cardiological Review 5,no. 2 (2026): 12-19.

Butt, Muhammad Abdullah, Muhammad Asif Ali, Anam Ishaq, Ambreen Saleem,
Shazia Saeed, and Mujahid Ul Islam. "Phytochemical-Rich Functional Diet
Regulates Epigenetic Markers (DNA Methylation) Associated with Obesity and
Insulin Resistance: https://doi. org/10.5281/zenodo. 19438403." Pakistan
Journal of Medical & Cardiological Review 5,n0. 1 (2026): 2707-2715.

Fatima, Ambreen, Nadia Jabeen, Muhammad Abdullah Butt, Muhammad Noman,
Talha Riaz, Shazia Saeed, Ambreen Saleem, and Qaisar Sohail. "CRISPR-
Casl2a Mediated Epigenome Editing of DNA Methylation at the DREB1A
Promoter Enhances Drought Survival Rate by> 35% in Zea mays Seedlings:
https://doi. org/10.5281/zenodo. 20031798." Research Consortium Archive 4, no.
2 (2026): 1093-1102

Jabeen, Nadia, Musaffa Shahzadi, Muhammad Taha, Nida Shahzadi, and Muhammad
Abdullah Butt. "CRISPR-Cas mediated genome editing for disease resistance in
crops: advances and challenges." Pakistan Journal of Medical & Cardiological
Review 4, no. 3 (2025): 2677-2689.

Riaz, Talha, Syed Tahaa Munawar, Ahmad Din, Muhammad Abdullah Butt, Sawera
Hayat, Areej Azhar, Rabiya Riaz et al. "Microbiological safety, adulteration, and
heavy metal-associated health risks in raw cow and buffalo milk from Punjab,
Pakistan." Food Science & Applied Microbiology Reports 5,n0. 1 (2026): 18-28.

Riaz, Talha, Areej Azhar, Zhijun Xia, Aliza Batool, Xianjiang Ye, Burhan Khalid,
Muhammad Moeid Khan et al. "Advances in plant-based functional foods:
Emerging trends, nutritional potential, and health implications." Food Science &
Applied Microbiology Reports 5,no. 1 (2026): 1-17.

Naeem, Waleed, Muhammad Abdullah Butt, and Umer Javeid. "From entrepreneurship
theory to startup execution: A simulation-based benchmark analysis of Al-
enhanced venture decision systems in early-stage business performance." Social
Science Review Archives 4,no. 1 (2026): 4065-4075.

khan Swati, Menahil, Musaffa Shahzadi, Muhammad Taha, Nida Shahzadi, and
Muhammad Abdullah Butt. "The impact of orthodontic treatment on periodontal
health: gingival recession, bone loss and patient-specific risk factors." Research
Consortium Archive 4, no. 2 (2026): 1198-1213.

khan Swati, Menahil, Musaffa Shahzadi, Muhammad Taha, Nida Shahzadi, and
Muhammad Abdullah Butt. "Silver diamine fluoride for caries arrest in pediatric

Page 2244



and special needs populations: a decade of clinical evidence." Pakistan Journal
of Medical & Cardiological Review 5, no. 2 (2026): 693-704.

Khurshid, Jamila, Zarlakhta Babar, Sajjad Ahmed, Muhammad Abdullah Butt, Umer
Javeid, and Nida Khalil. "Beyond carbon footprints: unpacking the social
dimensions of sustainability performance in emerging market firms." Social
Science Review Archives 4, no. 1 (2026): 3386-3402.

Butt, Muhammad Abdullah, Anam Ishaq, Rizwan Shukat, Qaisar Sohail, Muhammad
Hamid Javed, Ambreen Saleem, Shazia Saeed, and Muhammad Mudassar Bashir.
"Clinical Effects of Post-Exercise Low-Carbohydrate Recovery Diets on Bone
Mineral Turnover, Hormonal Stability, and Lean Mass Preservation in
Endurance-Trained Adults." Research Consortium Archive 4,n0.2 (2026): 1586-
1599.

Butt, Muhammad Abdullah, Feng Yiwen, and Umer Javeid. "Risk Governance
Frameworks and Strategic Control Mechanisms for Managing Complexity in
Global Business Operations." Social Science Review Archives 4, no. 2 (2026):
292-302.

Butt, Muhammad Abdullah, Muhammad Umair Arshad, Ali Imran, and Muhammad
Afzaal. "Ultrasonication-Enhanced Microbial Transglutaminase Crosslinking of
Botanical and Foreign Protein for Sustainable High-Moisture Extruded Meat
Analogue: A Comprehensive Multidimensional Characterization." Genetics and
Molecular Research (2026).

Shah, Muhammad Saleem, and Muhammad Abdullah Butt. "Multi-Scale
Computational Investigation of Plasma Instabilities in Next-Generation Fusion
Reactors." Spectrum of Engineering Sciences 4, no. 3 (2026): 2257-2266.

Arif, Neha, Hafsa Shafiq, Moiza Noor, Taha Shahbaz, Aswad Khan, Hafsa Noor, Khalil
Ahmed, Eman Farrukh, and Muhammad Abdullah Butt. "Artificial Intelligence
in Cardiovascular Diagnostics: Integration of Laboratory Biomarkers, Medical
Imaging, and Molecular Data." Pakistan Journal of Medical & Cardiological
Review 5, no. 2 (2026): 5665-5695.

Butt, Muhammad Abdullah, Wajid Hussain, Muhammad Junaid Anwar, Anam Ishagq,
Lugman Khan, Muhammad Hammad Anwar, Talha Riaz et al. "AI-Guided
Precision Fermentation for the Development of Personalized Functional Foods:
A Food Technology Framework for Nutritional Optimization." Research
Consortium Archive 4, no. 2 (2026): 2778-2795.

Awais, Muhammad, and Muhammad Abdullah Butt. "AI-DRIVEN ADAPTIVE
PROTECTION SCHEMES FOR RESILIENT POWER SYSTEMS WITH
HIGH PENETRATION OF DISTRIBUTED ENERGY
RESOURCES." Spectrum of Engineering Sciences 4, no. 6 (2026): 1424-1434.

Butt, Muhammad Abdullah, Talha Riaz, Muhammad Abdullah Sadiq, Anam Ishaq,
Ambreen Saleem, and Iza Almas. "Al-Assisted Nutrigenomic Modeling of
Blueberry Anthocyanin—Gut Microbiome Interactions to Predict Butyrate
Production and Insulin Sensitivity Improvement in Type II Diabetes." Social
Science Review Archives 4, no. 2 (2026): 2159-2177.

Ullah, Saif, Muhammad Abdullah Butt, Qaisar Sohail, and Talha Riaz. "Multi-Omics
Characterization of Fish Responses to Emerging Environmental Contaminants:
Implications for Aquatic  Toxicology and Sustainable Fisheries
Management." Pakistan Journal of Medical & Cardiological Review 5, no. 2
(2026): 5666-5685.

Butt, Muhammad Abdullah, Talha Riaz, Muhammad Abdullah Sadiq, Anam Ishaq,
Ambreen Saleem, and Iza Almas. "Development of Polyphenol-Rich
Pomegranate Peel Nutraceuticals for Glycemic Regulation, Insulin Sensitivity
Improvement, and Oxidative Stress Reduction in Type II Diabetes
Mellitus." Journal for Current Sign 4, no. 2 (2026): 2398-2413.

Page 2245



Ullah, Saif, Muhammad Abdullah Butt, Qaisar Sohail, Talha Riaz, and Shazia Saeed.
"Toxicological Evaluation of Microplastic and Nanoplastic Exposure on Growth
Performance, Oxidative Stress Biomarkers, and Histopathological Alterations in
Cultured Fish Species." Social Science Review Archives 4, no. 2 (2026): 2178-
2198.

Naeem, Waleed, Muhammad Abdullah Butt, and Umer Javeid. "The Influence of
Artificial Intelligence Automation on Employee Productivity, Job Redesign, and
Organizational Performance in Service Industries." Social Science Review
Archives 4, no. 2 (2026): 2534-2552.

Naeem, Waleed, Muhammad Abdullah Butt, and Umer Javeid. "Machine Learning-
Based Fraud Detection Systems and Their Effectiveness in Reducing
Cybersecurity Risks in Digital Banking." Social Science Review Archives 4, no.
2 (2026): 2553-2573.

Riaz, Muhammad, Neelam Tariq, Madiha Igbal, Muhammad Abdullah Butt, Qaisar
Sohail, and Talha Riaz. "Migration, Displacement, and Health Inequities: A
Comparative Study of Refugee Populations and Access to Healthcare
Services." Social Science Review Archives 4,no. 2 (2026): 2704-2722.

Riaz, Muhammad, Muhammad Abdullah Butt, Qaisar Sohail, Talha Riaz, and Ambreen
Saleem. "Dietary Habits, Nutritional Status, and Socioeconomic Factors Among
University Students in Punjab, Pakistan: A Multicity Nutritional and Social
Survey." Social Science Review Archives 4, no. 2 (2026): 2723-2742.

Rehman, Anees Ur, Muhammad Abdullah Butt, Talha Riaz, and Qaisar Sohail.
"Wellbeing-Oriented Human Resource Management and Workforce
Sustainability in Healthcare Organisations: Comparative Evidence from Pakistan
and Australia." Journal for Current Sign 4, no. 2 (2026): 3422-3440.

Page 2246



