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Targeting the Blood–Brain Barrier: A New Frontier in Alzheimer's
Therapeutics

Currently, there is a need for novel therapeutic strategies for Alzheimer's disease (AD) due to the rising global burden. 

Although some drugs can target amyloid-β and tau pathologies, but still cognitive decline has not been resolved. Advanced 

research focusing on the Blood-Brain Barrier (BBB) as a therapeutic target for AD, because BBB dysfunction signi�cantly 

contributes to AD pathogenesis.

Emerging evidence shows that BBB dysfunction leads to AD through alterations of endothelial tight junctions, pericyte loss, 

basement membrane degradation, and impaired clearance mechanisms of amyloid-β waste from the brain and increases 

the permeability of neurotoxins inside the brain. This dysfunction leads to severe neurodegenerative events [1].

Possibly, the integrity of the BBB can be restored by protecting or repairing the structural and functional components of the 

BBB for homeostasis purposes, reducing the in�ltration of peripheral in�ammatory mediators, and supporting the normal 

clearance of soluble amyloid. Another key issue in AD treatment is the very low penetration of the drug inside the central 

nervous system (CNS). If the drug delivery system becomes better and a maximum amount of the drug can be penetrated 

inside the brain, it will also be a big milestone against AD progression. A recent study shows that nanomedicine engineered to 

engage the BBB transport mechanisms led to robust amyloid clearance and memory recovery in AD model mice [2].

Meanwhile, some studies also focus on �nding new biomarkers and therapeutic targets to treat AD. There is a need to search 

for new targets that are associated with neurodegeneration [3]. There is a need to resist BBB dysfunction; once BBB damage 

becomes irreversible, then many challenges will become hurdles in AD treatment. Researchers should work to protect the 

BBB from irreversible damage.

In conclusion, we may get proper therapy for Alzheimer's Disease if we focus on seeking new therapeutic targets, restoring 

the BBB integrity and developing novel therapeutic strategies that can increase the availability of drugs inside the brain.  
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Review Article

A Review on the Impact of Superfoods on Cognitive Performance, Physical
Resilience, and Mental Health
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value and functional bioactive compounds, have been 

implicated in enhancing memory, learning, stress 

regulation, and physical endurance [5-8]. Modern lifestyles 

often neglect nutritional adequacy, resulting in cognitive 

fatigue, mood �uctuations, and metabolic imbalances [9-

12]. Scienti�c literature increasingly supports the 

integration of superfoods such as dark chocolate 

(polyphenols and �avonoids), omega-3-rich �sh (DHA and 

EPA), moringa (anti-in�ammatory phytochemicals), and 

fermented foods (probiotics) for their comprehensive 

impact on cognitive performance and physiological vitality 

Nutrition and lifestyle factors, particularly diet and physical 

activity, play a crucial role in cognitive health across the life 

course. Cognitive health involves thinking, learning, and 

remembering, besides other aspects such as the motor 

function of making and controlling movements, including 

emotional balance so the rising cognitive and physical 

demands placed on professionals necessitate strategies 

that promote sustained mental alertness and resilience[1-

2]. The Diet is a modi�able lifestyle factor, offers a practical 

means of supporting both brain and body functions [3-4]. 

Superfoods, recognized for their concentrated nutritional 

I N T R O D U C T I O N

Nutrition and lifestyle factors, especially diet and physical activity, signi�cantly impact 

cognitive health throughout life. Cognitive health encompasses various aspects, including 

thinking, learning, and memory, as well as motor functions related to movement control and 

emotional balance. Cognitive performance and physical well-being are critical to success. 

Dietary strategies, particularly the inclusion of super-foods, have garnered signi�cant attention 

for their potential to improve brain function and overall physiological health. This 

comprehensive review examines the impact of key super-foods on cognitive and physical health 

in students and professionals subjected to prolonged mental exertion. Updated scienti�c 

literature on nutrient-dense foods such as dark chocolate, omega-3-rich �sh, walnuts, moringa, 

fermented foods, and high-quality proteins is evaluated for their neuroprotective properties 

and health-promoting effects. Evidence suggests that integrating multiple super-foods yields 

synergistic bene�ts for mental clarity, endurance, cardiovascular �tness, and metabolic 

balance. The review emphasizes a multidisciplinary dietary approach and offers a framework for 

future research and evidence-based dietary guidelines.

Keywords: 

Super-Food, Cognitive Performance, Physical 

Health, Mental Health
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[10-12]. This review aims to elucidate the scienti�c basis of 

these effects, with a focus on practical implications and f 

future directions [12]. The objective of this study is to 

evaluate the neurocognitive bene�ts of superfoods in 

enhancing brain health. To analyze the physical health 

bene�ts of superfoods, including cardiovascular, immune, 

and metabolic functions. To explore the combined effects 

of multiple superfoods and to identify research gaps and 

propose evidence-based recommendations for dietary 

interventions. This review is highlighted the importance 

and scope which is particularly relevant to populations 

engaged in sustained cognitive activity, such as students 

and high-performance professionals.  The scope 

encompasses superfoods with demonstrated impacts on 

cognitive processes, emotional stability, and physical 

robustness [6, 13]. It includes molecular pathways, clinical 

outcomes, and comparative assessments of dietary 

interventions[6, 14]. Superfoods, de�ned as foods of high 

n u t r i t i o n a l  a n d  b i o l o g i c a l  va l u e  w i t h  a d e q u a te 

bioavailability and bioactivity within the body due to their 

extraordinary concentrations of nutrients and bioactive 

ingredients, can play a crucial role in a global arena where 

the identi�cation of healthier and cleaner nutrient sources 

is practically mandatory [8, 15-18]. Superfoods are speci�c 

types of foods that offer various health bene�ts, including 

the prevention of certain ailments, support for the immune 

system, and essential macro- and micronutrients in 

su�cient quantities[8, 15, 16, 18-20]. This review is going to 

further discuss the literature on the different superfoods, 

which are quite bene�cial for health. The Dark Chocolate is 

rich in �avonoids that cross the blood-brain barrier, 

enhancing cerebral blood �ow and cognitive �exibility [21]. 

This systematic review summarizes the bene�cial effects 

of acute and chronic cocoa intake on cognitive functions 

and brain health in young adults, highlighting increased 

cerebral blood �ow and neurotrophins as mechanisms, and 

suggests cocoa �avanols as a preventive approach against 

cognitive decline [22]. Moringa oleifera, known as the 

"miracle tree," is a versatile plant with signi�cant nutritional 

and medicinal properties [23]. Moringa oleifera has 

nutritional and pharmacological potencies, including 

antidiabetic, antimicrobial, anti-in�ammatory, and 

hepatoprotective properties [24-26]. The Lycopene, a 

carotenoid found in tomatoes, has neuroprotective effects 

by reducing oxidative stress and in�ammation, and it can 

cross the blood-brain barrier, making it effective in treating 

various neurological disorders [27, 28]. Walnuts may have 

signi�cant bene�ts for brain health and cognitive function, 

which are rich in omega-3 fatty acids and polyphenols, 

which support memory consolidation and neuron 

preservation [29, 30]. Consumption of a walnut-rich 

breakfast improves executive function throughout the day 

in healthy young adults [31]. Walnuts contain compounds 

that can reduce oxidative stress, in�ammation, and protein 

aggregation in the brain, potentially bene�ting brain health 

with age [31-33]. A 6% or 9% walnut diet signi�cantly 

reduces polyubiquitinated protein accumulation and 

in�ammation in the brain of aged rats, potentially 

improving memory and cognitive performance [30, 31, 34]. 

Raisins and boron have been linked to various health 

bene�ts, particularly for cognitive function and hormonal 

balance. Raisins contain a wide range of hormones, 

minerals, vitamins, and antioxidant enzymes [35]. 

Consuming 50g of raisins per day improves cognitive 

performance, quality of life, and functional activities in 

healthy older adults. Raisin water contains resveratrol and 

boron, which are linked to improved alertness and 

hormonal balance [36-38]. Protein intake and dietary 

antioxidants may protect against depression and 

neurodegeneration by regulating tryptophan metabolism 

[39]. An anti-in�ammatory diet rich in fruits, vegetables, 

whole grains, legumes, and fatty �sh may bene�t 

individuals with mental and neurodegenerative disorders 

by modulating in�ammation, promoting gut health, and 

enhancing neuroplasticity [40]. Omega-3 fatty acid 

metabolites like resolvins and maresins have anti-

in�ammatory effects and therapeutic potential for 

psychiatric, neurodegenerative, and neurological 

disorders [41]. Omega-3-Rich Fish (e.g., Salmon, Mackerel): 

Critical for synaptic integrity, plasticity, and anti-

in�ammatory signaling [42]. The potential of fermented 

foods and dietary �ber to modulate the microbiota-gut-

brain axis, impacting cognitive and emotional health. 

Fermented foods contain bene�cial microbes and 

bioactives that can shape gut microbiota composition and 

in�uence gut-brain communication pathways [43]. Short-

chain fatty acids produced by gut microbiota play a key role 

in modulating the gut-brain axis and may in�uence brain 

physiology and behavior [44, 45]. A greater intake of high-

antioxidant foods like berries, Concord grapes, and walnuts 

may increase "health span" and enhance cognitive and 

motor function in aging individuals [46]. Flavonoids and 

iso�avones from fruit and vegetables may slow cognitive 

aging and potentially reverse it by reducing free radical 

production and enhancing brain performance [47, 48]. 

Dietary interventions may help slow or reverse age-related 

cognitive decline. Flavonoids and iso�avones from fruits 

and vegetables can potentially reduce free radical 

production and enhance brain performance [34, 48]. Tree 

nuts, particularly walnuts, almonds, pistachios, and 

pecans, show promise in reducing age-related brain 

d ys f u n c t i o n  b y  p r o v i d i n g  e s s e n t i a l  n u t r i e n t s , 
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phytochemicals, and fatty acids [49]. Blueberries may help 

prevent or reverse age-related neuronal de�cits by 

lowering oxidative stress and in�ammation [34, 50]. 

Studies have demonstrated that dietary supplementation 

with fruit or vegetable extracts high in antioxidants, such 

as blueberries and spinach, can decrease vulnerability to 

oxidative stress in aging rat brains [34, 51]. 

Despite growing evidence that superfoods can enhance 

cognitive performance, emotional resilience, and physical 

health, modern lifestyles often fail to provide adequate 

nutrition, leading to cognitive fatigue, mood �uctuations, 

and metabolic imbalances. While numerous studies 

highlight individual superfoods' neuroprotective and 

physiological bene�ts, there is limited research on the 

long-term effects of combined superfood consumption, 

dose-response relationships, and their interaction with 

genetic, epigenetic, and lifestyle factors. Furthermore, 

clinical validation in high-cognitive-load populations, such 

as students and professionals, remains sparse, indicating a 

critical gap in translating laboratory �ndings into practical, 

evidence-based dietary recommendations.

Brain Health Bene�ts 

Superfoods contribute to improved neurocognitive 

function through several mechanisms: Reduction of 

neuroin�ammation and oxidative damage [6]. Enhanced 

neurogenesis and hippocampal plasticity [52]. Increased 

synaptic e�ciency and neurotransmitter balance [53]. Gut 

microbiota modulation improves systemic and central 

immune responses [54]. 

Physical Health Bene�ts 

Cardioprotective effects via lipid regulation and arterial 

�exibility [55]. Anti-in�ammatory and immunomodulatory 

actions [56-57]. Probiotic support for digestion and 

nutrient bioavailability [56]. Anabolic support for muscle 

maintenance and metabolic function [58]. 

Mechanism of Action

Antioxidant Pathways: Mitigation of oxidative stress via 

SOD and glutathione [59]. Neurotransmitter Synthesis: 

Dopaminergic and serotonergic regulation via amino acid 

intake [60]. Anti-in�ammatory Mediators: Regulation of 

TNF-α, IL-6, and CRP levels [61, 62]. Gut-Brain Axis: SCFA 

production in�uencing CNS signaling and emotional 

resilience [63-64]. Combined Effects of Superfoods: 

Cumulative bene�ts of superfoods demonstrate enhanced 

e�cacy in maintaining health and productivity [7, 20]. 

Synergistic interactions between omega-3 fatty acids and 

polyphenols amplify BDNF expression [65, 66]. Probiotics 

and antioxidants jointly optimize gut-brain communication 

[45]. Amino acids and �avonoids together support mood 

regulation and cognitive vigor [67, 68] (Table 1). 

Superfoods have emerged as critical dietary components 
due to their rich bioactive pro�les and their potential to 
mitigate cognitive and physical challenges associated with 
high cognitive load environments. Numerous studies 
indicate that the intake of superfoods can enhance 
neuroplasticity, improve neurotransmitter function, and 
protect against oxidative stress factors closely linked with 
mental resilience and performance [69]. Dark chocolate, 
due to its high �avonoid content, improves cerebral blood 
�ow and supports memory formation [21]. Regular 
consumption has been linked to enhanced executive 
function and mood stabilization. Similarly, walnuts, 
abundant in alpha-linolenic acid and polyphenols, 
contribute to improved working memory and cognitive 
processing speed in young adults [33]. Fermented foods 
such as kimchi, ke�r, and yogurt have shown promising 
results in modulating the gut-brain axis. These foods 
contribute to the production of short-chain fatty acids and 
neurotransmitters, such as serotonin and GABA, which are 
instrumental in regulating emotions and cognition [45, 70]. 
Moreover, omega-3 fatty acids from �sh oils not only 
reduce neuroin�ammation but also play a crucial role in 
synaptic function and neurogenesis, particularly in the 
hippocampus [42]. Moringa oleifera, rich in quercetin and 
kaempferol, has shown neuroprotective effects in animal 
models, reducing markers of in�ammation and enhancing 
learning and memory [26]. Tomatoes, through their 
lycopene content, mitigate oxidative stress, contributing 
to cognitive preservation in aging populations [28]. 
Physical health, closely tied to cognitive outcomes, also 
bene�ts from superfood consumption [5]. High-quality 
proteins are essential for neurotransmitter synthesis and 
muscle integrity, while resveratrol in raisins contributes to 
hormonal balance and energy regulation [6]. The 
synergistic use of these superfoods offers a holistic dietary 
model, enhancing both physiological and psychological 
resilience [6]. Despite the promising �ndings, gaps remain 
in clinical validation, especially regarding the long-term 
and combinatory effects of multiple superfoods. Future 
research should focus on controlled trials that evaluate 
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Table 1: Cognitive Effects of Key Superfoods

Superfood Active
Compounds ReferencesCognitive Effects

Dark
Chocolate

Flavonoids,
caffeine

Improved memory
and attention

[21]

Moringa Quercetin,
kaempferol

Anti-stress,
neuroprotective [26]

Walnuts
ALA,

polyphenols
Memory

and neurogenesis [33]

Fish DHA, EPA
Synaptic plasticity,

cognition [42]

Fermented
foods

Probiotics
Gut-brain signaling,

mood
[45]
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C O N C L U S I O N S

Superfoods offer a promising, evidence-based approach to 
improving mental clarity, emotional stability, and 
physiological health. Their multifaceted bene�ts align well 
with the demands of students and high-performance 
professionals. Strategic incorporation of these foods, 
supported by further clinical validation, may represent a 
cornerstone in personalized nutrition strategies.

dose-response relationships and the in�uence of genetic, 
epigenetic, and lifestyle variables.
This review is limited by the scarcity of long-term, 
controlled clinical trials evaluating the combined effects of 
multiple superfoods on cognitive and physical health, as 
most evidence is derived from short-term studies or animal 
models. Additionally, variations in dosage, bioavailability, 
and individual  l ifestyle or genetic factors make 
generalization challenging. Future research should focus 
on well-designed, longitudinal human trials to determine 
optimal intake, synergistic effects, and personalized 
dietary strategies, while exploring the mechanisms 
underlying superfoods' impact on brain and body health to 
provide evidence-based nutritional guidelines.



06
PBMJ VOL. 8 Issue. 11 Nov 2025Copyright © 2025. PBMJ, Published by Crosslinks International Publishers LLC, USA

This work is licensed under a Creative Commons Attribution 4.0 International License.

Applications of Moringa oleifera: A Comprehensive 

Review. European Journal of Nutrition and Food 

Safety.  2024; 16(8): 99-122. doi: 10.9734/ejnfs/2024/ 

v16i81489.

Gopalakrishnan L, Doriya K, Kumar D. S. Moringa 

oleifera: A Review on Nutritive Importance and Its 

Medicinal Application. Food Science and Human 

Wellness.  2016 Jun; 5(2): 49-56. doi: 10.1016/j.fshw. 

2016.04.001.

Paul R, Mazumder M. K, Nath J, Deb S, Paul S, 

Bhattacharya P, et al. Lycopene: A Pleiotropic 

Neuroprotective Nutraceutical Deciphering Its 

Therapeutic  Potentials  in  Broad Spectrum 

N e u r o l o g i c a l  D i s o r d e r s .  N e u r o c h e m i s t r y 

International.   2020 Oct;  140: 104823. doi: 

10.1016/j.neuint.2020.104823.

Ugbaja RN, Ugwor EI, James AS, Ugbaja VC, 

Ezenandu EO. Neuroprotection induced by lycopene. 

In Natural Molecules in Neuroprotection and 

Neurotoxicity. 2024 Jan: 1639-1667. Academic Press.

Choudhury S. Walnuts: Omega-3 Rich Brain Booster 

for Cognitive Health. Dry Fruits in Everyday Health: A 

Functional Food Approach to Wellness.  2025: 47.

Chauhan A, Chauhan V. Bene�cial Effects of Walnuts 

on Cognition and Brain Health. Nutrients. 2020 Feb; 

12(2): 550.

Bell L, Dodd G, Whyte A, Shukitt-Hale B, Williams C. 

The Impact of a Walnut-Rich Breakfast on Cognitive 

Performance Throughout the Day in Healthy Young 

Adults. Current Developments in Nutrition.  2021 Jun; 

5(Suppl 2): 895. doi: 10.1093/cdn/nzab049_008.

Poulose SM, Miller MG, Shukitt-Hale B. Role of 

Walnuts in Maintaining Brain Health with Age. Journal 

of Nutrition.  2014 Apr; 144(4 Suppl): 561S–566S. doi: 

10.3945/jn.113.184838.

Pribis P, Shukitt-Hale B. Cognition: The New Frontier 

for Nuts and Berries. American Journal of Clinical 

Nutrition.  2014 Jul; 100(Suppl 1): 347S–352S. doi: 

10.3945/ajcn.113.071506.

Tan B, Wang Y, Zhang X, Sun X. Recent Studies on 

P r o t e c t i v e  E f f e c t s  o f  W a l n u t s  A g a i n s t  

Neuroin�ammation . Nutrients. 2022 Oct; 14(20): 

4360.

Keskin N, Kaya O, Ates F, Turan M, Gutiérrez-Gamboa 

G. Drying Grapes after the Application of Different 

Dipping Solutions: Effects on Hormones, Minerals, 

Vitamins, and Antioxidant Enzymes in Gök Üzüm 

(Vitis vinifera L.) Raisins. Plants.  2022 Feb; 11(4): 529.

doi: 10.3390/plants11040529.

Rodrigo-Gonzalo MJ, González-Manzano S, Pablos-

Hernández MC, Méndez-Sánchez R, Ayuda Duran B, 

González-Sánchez J, et al. Effects of a Raisin 

P r e s e r v e  M e n t a l  H e a l t h .  F o o d  R e s e a r c h 

International.  2022 Feb; 152: 110892. doi: 10.1016/j. 

foodres.2021.110892.

Fernández-Ríos A, Laso J, Hoehn D, Amo-Setién F. J, 

Abajas-Bustillo R, Ortego C, et al. A Critical Review of 

Super foods from a Holistic Nutritional  and 

Environmental Approach. Journal of Cleaner 

Production.  2022 Dec; 379: 134491. doi: 10.1016/j. 

jclepro.2022.134491.

Arumugam T, Sona C. L, Maheswari M. U. Fruits and 

Vegetables as Superfoods: Scope and Demand. 

Journal of Pharmaceutical Innovation.  2021; 10(8): 

119-129.

Proestos C. Superfoods: Recent Data on Their Role in 

the Prevention of Diseases. Current Research in 

Nutrition and Food Science Journal.  2018 Nov; 6(3): 

576-593. doi: 10.12944/CRNFSJ.6.3.02.

Singh M. P, Soni K, Bhamra R, Mittal R. K. Superfood: 

Value and Need. Current Nutrition and Food Science.  

2022; 18(1): 65-68. doi: 10.2174/15734013176662104 

20123013.

Jagdale Y. D, Mahale S. V, Zohra B, Nayik G. A, Dar A. H, 

Khan K. A, et al. Nutritional Pro�le and Potential 

H e a l t h  B e n e � t s  o f  S u p e r fo o d s :  A  R ev i ew. 

Sustainability.  2021 Aug; 13(16): 9240. doi: 10.3390/su 

13169240.

Mittal R. K, Sharma V, Krishna G. Superfoods in Drug 

Discovery: Nutrient Pro�les and Their Emerging 

Health Bene�ts. Current Drug Discovery Technology. 

[Internet]. [cited  2025 Feb 18]. Available from: 

https://pubmed.ncbi.nlm.nih.gov/. doi: 10.2174/0115 

701638355532250408095114.

Socci V, Tempesta D, Desideri G, De Gennaro L, 

Ferrara M. Enhancing Human Cognition with Cocoa 

Flavonoids. Frontiers in Nutrition.  2017 May; 4: 19. 

doi: 10.3389/fnut.2017.00019.

Martín M. A, Goya L, De Pascual-Teresa S. Effect of 

C o c o a  a n d  C o c o a  P r o d u c t s  o n  C o g n i t i v e 

Performance in Young Adults. Nutrients.  2020 Dec; 

12(12): 3691. doi: 10.3390/nu12123691.

Alhassan Y, Sanchi I, Dorh L, Sunday J. Review of the 

Nutritive, Medicinal and General Economic Potentials 

of Moringa oleifera. Cross Current International 

Journal of Agriculture and Veterinary Science.  2022; 

4(1): 1-8. doi: 10.36344/cc�avs.2022.v04i01.001.

Dalei J, Rao V. M, Sahoo D, Rukmini M, Ray R. Review 

on Nutritional and Pharmacological Potencies of 

M o r i n g a  o l e i f e r a .  E u r o p e a n  J o u r n a l  o f 

Pharmaceutical and Medical Research. 2016; 3(1): 

150-155.

Goswami R, Arya D, Siddiqui R, Kumar S, Sarma O, 

Arora N, et al. The Multifaceted Bene�ts and 

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Ahmed F et al.,
          DOI: https://doi.org/10.54393/pbmj.v8i11.1286

Impact of Superfoods on Health



07
PBMJ VOL. 8 Issue. 11 Nov 2025 Copyright © 2025. PBMJ, Published by Crosslinks International Publishers LLC, USA

This work is licensed under a Creative Commons Attribution 4.0 International License.

Ahmed F et al.,
          DOI: https://doi.org/10.54393/pbmj.v8i11.1286

Impact of Superfoods on Health

Samples I. Serial Review: Flavonoids and Iso�avones 

(Phytoestrogens): Absorption, Metabolism, and 

Bioactivity. Free Radical Biology and Medicine. 2004 

Nov; 37(9): 1324–1350.

Flanagan E, Müller M, Hornberger M, Vauzour D. 

Impact of Flavonoids on Cellular and Molecular 

Mechanisms Underlying Age-Related Cognitive 

Decline and Neurodegeneration. Current nutrition 

reports.  2018 Jun; 7(2): 49-57.

Carey AN, Poulose SM, Shukitt-Hale B. The Bene�cial 

Effects of Tree Nuts on the Aging Brain. Nutrition and 

Aging.  2012 Jan; 1(1): 55–67. doi: 10.3233/NUA-2012-

0007.

Miller MG, Thangthaeng N, Poulose SM, Shukitt-Hale 

B. Role of Fruits, Nuts, and Vegetables in Maintaining 

Cognitive Health. Experimental Gerontology.  2017 

Aug; 94: 24–28. doi: 10.1016/j.exger.2016.12.014.

M e y e r  C H  a n d  S e k u n d o  W .  N u t r i t i o n a l 

Supplementation. Nutrition and the Eye: Basic and 

Clinical Research.  2004 Dec; 38: 103-19.

Liu YQ, Zhang Y. Nutritional Factors Affecting Adult 

Neurogenesis and Cognitive Function. Basic and 

Clinical Medicine. 2018; 38(2): 304–307.

Bertocchi I, Turroni S, Chiazza F. Nutritional 

Modulation of Central Nervous System Development, 

Maintenance, Plasticity, and Recovery. Frontiers in 

Neuroscience.  2023; 17: 1332191. doi: 10.3389/fnins. 

2023.1332191.

Sarubbo F, Cavallucci V, Pani G. The In�uence of Gut 

Microbiota on Neurogenesis: Evidence and Hopes. 

Cells.  2022 Jan; 11(3): 382. doi: 10.3390/cells11030 

382.

Barnard ND, Goldman DM, Loomis JF, Kahleova H, 

Levin SM, Neabore S, et al. Plant-Based Diets for 

Ca rd i ova s c u l a r  Safet y  a n d  Pe r fo r m a n ce  i n 

Endurance Sports. Nutrients.  2019 Jan; 11(1): 130. 

doi: 10.3390/nu11010130.

Shahbazi R, Sharifzad F, Bagheri R, Alsadi N, Yasavoli-

Sharahi  H,  Matar  C.  Anti- in�ammator y and 

Immunomodulatory Properties of Fermented Plant 

Foods. Nutrients. 2021 May; 13(5): 1516. doi: 10.3390/ 

nu13051516.

Boroumand N, Samarghandian S, Hashemy SI. 

Immunomodulator y,  Anti-in�ammator y,  and 

Antioxidant Effects of Curcumin. Journal of 

Herbmed Pharmacology.  2018; 7(4): 211-9. doi: 10.151 

71/jhp.2018.33.

Anil P, Nitin K, Kumar S, Kumari A, Chhikara N. Food 

Function and Health Bene�ts of Functional Foods. In: 

Chhikara N, Panghal A, Chaudhary G, editors. 

Functional Foods. Hoboken, NJ: John Wiley & Sons 

Ltd; 2022. p. 419-41. doi: 10.1002/9781119776345.ch12.

Supplement on Cognitive Performance, Quality of 

Life, and Functional Activities in Healthy Older 

Adults—Randomized Clinical Trial. Nutrients.  2023 

Jun; 15(12): 2811. doi: 10.3390/nu15122811.

Pizzorno L. Nothing Boring about Boron. Integrative 

Medicine (Encinitas). 2015 Aug; 14(4): 35–48.

Schuster MJ, Wang X, Hawkins T, Painter JE. A 

Comprehensive Review of Raisins and Raisin 

Components and their Relationship to Human Health. 

Journal of Nutrition and Health. 2017; 50(3): 203-16.

Pearson K, Beier K, Mardis T, Munoz B, Zaidi A. The 

Neurochemistry of Depression: The Good, the Bad, 

and the Ugly. Missouri Medicine.  2024 Jan–Feb; 

121(1): 68–74.

Van Zonneveld SM, van den Oever EJ, Haarman BC, 

Grandjean EL, Nuninga JO, van de Rest O, et al. An 

Anti-In�ammatory Diet and Its Potential Bene�t for 

I n d i v i d u a l s  w i t h  M e n t a l  D i s o r d e r s  a n d 

Neurodegenerative Diseases—A Narrative Review. 

Nutrients.  2024 Aug; 16(16): 2646. doi: 10.3390/nu 

16162646.

Giacobbe J, Benoiton B, Zunszain P, Pariante CM, 

Borsini A. The Anti-In�ammatory Role of Omega-3 

Polyunsaturated Fatty Acids Metabolites in Pre-

Clinical Models of Psychiatric, Neurodegenerative, 

and Neurological Disorders. Frontiers in Psychiatry.  

2020 Feb; 11: 122. doi: 10.3389/fpsyt.2020.00122.

Swanson D, Block R, Mousa SA. Omega-3 Fatty Acids 

EPA and DHA: Health Bene�ts Throughout Life. 

Advances in Nutrition.  2012 Jan; 3(1): 1–7. doi: 10.3945 

/an.111.000893.

Balasubramanian R, Schneider E, Gunnigle E, Cotter 

PD, Cryan JF. Fermented Foods: Harnessing Their 

Potential to Modulate the Microbiota-Gut-Brain Axis 

for Mental Health. Neuroscience and Biobehavioral 

Reviews.  2024 Mar; 158: 105562. doi: 10.1016/j. 

neubiorev.2024.105562.

Silva YP, Bernardi A, Frozza RL. The Role of Short-

Chain Fatty Acids from Gut Microbiota in Gut-Brain 

Communication. Frontiers in Endocrinology 

(Lausanne).  2020 Feb; 11: 25. doi: 10.3389/fendo. 

2020.00025.

Westfall S, Lomis N, Prakash S. A Novel Synbiotic 

Delays Alzheimer's Disease Onset via Combinatorial 

G u t - B r a i n - A x i s  S i g n a l i n g  i n  D r o s o p h i l a 

melanogaster. PLoS One.  2019 Apr; 14(4): e0214985. 

doi: 10.1371/journal.pone.0214985.

Joseph JA, Shukitt-Hale B, Willis LM. Grape Juice, 

Berries, and Walnuts Affect Brain Aging and 

Behavior. Journal of Nutrition.  2009 Sep; 139(9): 

1813S–1817S. doi: 10.3945/jn.109.108266.

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]



08
PBMJ VOL. 8 Issue. 11 Nov 2025Copyright © 2025. PBMJ, Published by Crosslinks International Publishers LLC, USA

This work is licensed under a Creative Commons Attribution 4.0 International License.

Ahmed F et al.,
          DOI: https://doi.org/10.54393/pbmj.v8i11.1286

Impact of Superfoods on Health

Ighodaro OM, Akinloye OA. First Line Defence 

Antioxidants—Superoxide Dismutase (SOD), Catalase 

(CAT), and Glutathione Peroxidase (GPX): Their 

Fundamental Role in the Entire Antioxidant Defence 

Grid. Alexandria Journal of Medicine. 2018 Dec; 54(4): 

287-93. doi: 10.1016/j.ajme.2017.09.001.

Williams L. Neurotransmitters: Critical Amino Acids 

Affecting Serotonin and Dopamine.  2015. 

Fan L, Feng Y, Chen GC, Qin LQ, Fu CL, Chen LH. 

Effects of Coenzyme Q10 Supplementation on 

In�ammatory Markers: A Systematic Review and 

Meta-analysis of Randomized Controlled Trials. 

Pharmacological Research.  2017 May; 119: 128-36. 

doi: 10.1016/j.phrs.2017.01.032.

Haghighatdoost F, Hariri M. The Effect of Alpha-lipoic 

Acid on In�ammatory Mediators: A Systematic 

Review and Meta-analysis of Randomized Clinical 

Trials. European Journal of Pharmacology.  2019 Apr; 

849: 115-23. doi: 10.1016/j.ejphar.2019.01.065.

Sah RK, Nandan A, Jose A, Venkidasamy B, Nile SH. 

Decoding the Role of the Gut Microbiome in the Gut-

b r a i n  A x i s ,  S t r e s s - r e s i l i e n c e ,  o r  S t r e s s -

susceptibility: A Review. Asian Journal of Psychiatry.  

2024 Mar; 91: 103861. doi: 10.1016/j.ajp.2023.103861.

Mansuy-Aubert V, Ravussin Y. Short Chain Fatty 

Acids: The Messengers from Down Below. Frontiers 

in Neuroscience. 2023; 17: 1197759. doi: 10.3389/f 

nins.2023.1197759.

Abdel-Maksoud SM, Hassanein SI, Gohar NA, Attia 

SMM, Gad MZ. Investigation of Brain-derived 

Neurotrophic Factor (BDNF) Gene Expression in the 

Hypothalamus of Obese Rats: Modulation by Omega-

3 Fatty Acids. Nutritional Neuroscience. 2017 Sep; 

20(8): 443-8. doi: 10.1080/1028415X.2016.1180859.

Liu H, Deng Y, Chen L, Weng S, Xu D. The Effect of 

Omega 3 Supplementation on Serum Brain-derived 

Neurotrophic Factor: A Systematic Review and Meta-

analysis. European Journal of Integrative Medicine.  

2023 Jul; 61: 102264. doi: 10.1016/j.eujim.2023.10226 

4.

Bakoyiannis I, Daskalopoulou A, Pergialiotis V, Perrea 

D. Phytochemicals and Cognitive Health: Are 

Flavonoids Doing the Trick? Biomedicine and 

Pharmacotherapy.  2019 Jan; 109: 1488-97. doi: 

10.1016/j.biopha.2018.10.086.

Önem EÖ, Karaca Ş. Effects of Functional Foods on 

Mental Health: A Review from a Gastronomy 

Perspective. Turkish Journal of Marketing.  2024 

Dec; 9(3): 52-71. doi: 10.30685/tujom.v9i3.200.

Gómez-Pinilla F. Brain Foods: The Effects of 

Nutrients on Brain Function. Nature Reviews 

Neuroscience.  2008 Jul; 9(7): 568-78. doi: 10.1038/ 

nrn2421.

Tillisch K, Labus J, Kilpatrick L, Jiang Z, Stains J, 

Ebrat B, et al. Consumption of Fermented Milk 

Product with Probiotic Modulates Brain Activity. 

Gastroenterology.  2013 Jun; 144(7): 1394-1401.e4. 

doi: 10.1053/j.gastro.2013.02.043.

Choi S, DiSilvio B, Fernstrom MH, Fernstrom JD. Meal 

I n g e s t i o n ,  A m i n o  A c i d s ,  a n d  B r a i n 

Neurotransmitters: Effects of Dietary Protein 

Source on Serotonin and Catecholamine Synthesis 

Rates. Physiology and Behavior.  2009 Aug; 98(1-2): 

156-62. doi: org/10.1016/j.physbeh.2009.05.004.

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]



09
PBMJ VOL. 8 Issue. 11 Nov 2025 Copyright © 2025. PBMJ, Published by Crosslinks International Publishers LLC, USA

This work is licensed under a Creative Commons Attribution 4.0 International License.

Original Article

Transvaginal Ultrasound: Current Practices and Barriers in Pakistani
Sonographers

1 2* 2 2 3Syed Amir Gilani , Syed Muhammad Yousaf Farooq , Muhammad Uzair , Zainab Haider , Salsabeel Khan , Saima
2 2Arshad  and Muhammad Irshad Ul Haq  

¹Department of Medical Diagnostic Imaging, College of Health Sciences, University of Sharjah, United Arab Emirates 

²Department of Radiography and Imaging Technology, Green International University, Lahore, Pakistan 

³Department of Public Health, Green International University, Lahore, Pakistan 

invasive, carries surgical risk, and is resource-intensive, 

especially in low- and middle-income countries. Thus, the 

European Society of Human Reproduction and Embryology 

(ESHRE) has recommended transvaginal ultrasound (TVUS) 

as the �rst-line diagnostic tool for various gynecological 

conditions, owing to its accessibility and diagnostic 

accuracy. Given the diagnostic utility and effectiveness of 

TVUS, the British Medical Ultrasound Society also 

advocates that the procedure should be accessible to all 

eligible patients to provide equitable and high-standard 

The transvaginal ultrasound (TVUS) is widely considered 

the �rst-line imaging modality for the assessment of the 

female pelvis due to its dynamic functions, high-resolution 

images, and non-ionizing radiation [1]. With the growth in 

t h e  d e p e n d e n c e  o n  p e l v i c  i m a g i n g ,  T V U S  h a s 

demonstrated itself to be a signi�cant diagnostic tool for 

the assessment of various gynecological conditions, such 

as endometriosis, ovarian cysts, and early pregnancy 

di�culties. While laparoscopy has traditionally been 

regarded as the diagnostic gold standard, it remains 

I N T R O D U C T I O N

Transvaginal ultrasound (TVUS) is an important diagnostic medium in the evaluation of female 

pelvic pathology because it can be performed without invasiveness, is real-time, and has 

diagnostic accuracy. Its use in low and middle-income countries, particularly in gynecological 

practice, has signi�cant di�culties regardless of the international suggestions to use it 

regularly. Objective: To explore the current practices, perceived barriers, and in�uential factors 

associated with the routine implementation of TVUS among Pakistani sonographers. Methods: 

This cross-sectional descriptive survey was conducted among 162 accredited sonographers 

across Pakistan using a 35-item structured questionnaire. Data on demographic 

characteristics, clinical experience, con�dence levels, protocol adherence, and perceived 

barriers were collected. Data were analyzed using descriptive statistics and chi-square tests. 

Results: The �ndings revealed strong patient preference for female sonographers across all 

regions, with statistically signi�cant differences based on practice location (p<0.001). 

Adherence to standardized TVUS protocols was highest in public hospitals and among 

practitioners with over 15 years of experience (p<0.001). Key barriers included cultural taboos, 

inadequate training, limited institutional support, and legal/ethical concerns, particularly in 

rural and semi-urban areas. Practitioners' con�dence was positively associated with years of 

experience. Conclusion: The study highlights critical gaps in training, infrastructure, and 

cultural acceptability that hinder effective TVUS utilization in Pakistan. Targeted interventions 

such as gender-sensitive training, protocol standardization, and policy-level reforms are 

essential to bridge these gaps and enhance the delivery of equitable, high-quality gynecological 

care.
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care [2]. Although the attitude of patients towards TVUS 

has been studied in numerous studies, revealing a variety 

of reactions across different clinical setups and cultural 

backgrounds, there is a signi�cant gap in the literature 

regarding the perspective of sonographers about 

transvaginal ultrasound (TVUS) [3, 4]. This gap is especially 

relevant, as the successful implementation of TVUS is 

required beyond the acceptance by the patient, but also the 

training, technical con�dence and attitudes of the 

healthcare professionals involved [5-7].  The broader 

application of Transvaginal Sonography (TVUS) in low-

resource countries like Pakistan is a big challenge. These 

include the insu�ciency of training and ergonomic 

capacity of the sonographers, the cultural ideologies that 

shape the attitude of the patients, the unavailability of the 

medical equipment in question, and the infrastructures 

and insu�cient healthcare funding. In addition to that, the 

problem associated with the working conditions of the 

TVUS use, ergonomic load, and inability to cope with 

technically complex cases are discussed [8]. Moreover, the 

successful collaboration with the sonographers would help 

to recognize the barriers to the TVUS implementation that 

may improve the clinical guidelines and policy formulation, 

and might make a signi�cant contribution to the facilitation 

of patient care, women's health, and healthcare system 

sustainability [9-11]. Moreover, to e�ciently tackle the 

challenges on a larger scale, it is necessary to adopt an all-

inclusive approach, which should be aimed at raising the 

awareness about the procedure by means of education, 

offering the comprehensive training to sonographers, 

addressing the cultural beliefs and stigmas, making the 

necessary medical equipment accessible, optimizing the 

overall healthcare system, and enhancing the �nances to 

implement and support the programs.

Transvaginal ultrasound (TVUS) is a vital, non-invasive 

diagnostic tool for female pelvic health, yet its adoption in 

Pakistan faces multiple challenges, including cultural 

sensitivities, limited training opportunities, inadequate 

institutional support, and inconsistent adherence to 

standardized protocols, particularly in rural and semi-

urban areas. Despite its recognized clinical utility, there is a 

notable lack of research exploring Pakistani sonographers' 

perspectives, con�dence, and barriers in routine TVUS 

practice, highlighting a gap in understanding the 

professional, institutional, and socio-cultural factors 

affecting its implementation. This study aims to 

investigate the current practices, perceived barriers, and 

in�uential factors associated with TVUS utilization among 

Pakistani sonographers to inform targeted interventions, 

training programs, and policy reforms that can enhance 

equitable and high-quality gynecological imaging services.

This cross-sectional descriptive survey was conducted 
among 162 accredited sonographers across Pakistan. 
Ethical approval was obtained from the research ethics 
committee of Green International University, Lahore, 
Pakistan (Ref. No. 25-10). The study was conducted at 
Green International University in Lahore, Pakistan, from 
August 2024 to August 2025. The survey instrument 
consisted of 35 questions, which were created in 
accordance with the literature and professional advice. 
T h e  q u e s t i o n n a i re  wa s  d i v i d e d  i n to  � ve  p a r t s : 
demographic variables; clinical practice; training; self-
perceived con�dence to under take transvaginal 
ultrasound (TVUS); perceived barriers and facilitators to 
routine TVUS use; and reporting and referral practices. The 
questionnaire was subject to the review of three 
sonographers who achieved the face and content validity 
of the questionnaire. The alpha of Cronbach was not 
determined because of time and resource limitations. The 
feedback allowed minor corrections to improve language 
clarity and structure. The data from pilot testing by three 
experienced sonographers was not added to the �nal 
results of the study. The �rst page of the survey included a 
participant information sheet, and informed consent was 
obtained from each sonographer before the data 
col lection.  Par ticipants were recruited through 
convenience sampling. Recruitment strategies included 
the dissemination of the survey via professional social 
media groups for sonographers and radiologists, as well as 
poster advertisements in ultrasound departments across 
various hospitals in Pakistan. A convenience sampling 
technique was used, which may limit the generalizability of 
the �ndings. The minimum required sample size was 
estimated using Cohen's guidelines for chi-square tests of 
association, assuming a medium effect size (w=0.25), a 
signi�cance level of 0.05, and a power of 0.80. The 
calculation, performed using G*Power version 3.1.9.7, 
indicated that a minimum of 126 participants would be 
su�cient. To account for potential nonresponse and 
incomplete data, a target sample of 162 was selected [12]. 
This sample size also aligns with similar cross-sectional 
s t u d i e s  co n d u c te d  a m o n g  t h e  ra d i o l o g i s t s  a n d 
sonographers investigating the practices, training, and 
related barriers [13-14]. The inclusion criteria required 
participants to hold a minimum quali�cation, such as a 
Diploma, BS, MS, MBBS with ultrasound certi�cation, or 
FCPS in Radiology. Participants aged 18 years or older who 
were involved in performing gynecological ultrasound 
procedures in Pakistan were included in the study. 
Individuals not meeting the age criteria and those a�liated 
with the �eld were excluded. Data were analyzed using IBM 
SPSS Statistics version 26.0. Categorical and demographic 
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A total of 162 responses were included in the �nal analysis. 
Categorical and demographic data are reported as 
frequencies and percentages in Table 1. The majority of 
respondents were female (103, 63.6%), with most in the 
25–34 age group (78, 48.1%). Over half of the participants, 
107 (66%), were single. Regarding education, 101 (62.3%) 
held a Bachelor's degree in Radiography or Ultrasound, 26 
(16%) an FCPS in Radiology, and 25 (15.4%) an MBBS.

employed in public hospitals (51.2%), and 44.4% reported 
practicing in rural areas. To explore the gender preference 
perception among patients receiving TVUS, the chi-square 
test was used, depending on the location of practice of the 
respondents. The results showed that the relationship 
between the practice location and perceived gender 

χpreference was statistically signi�cant ( ²=32.64, p<0.001). 
The analysis also showed that in urban regions, 90.4% of 
practit ioners said that patients favored female 
sonographers, and 3.8% did not favor, but 5.8% were 
uncertain. In the semi-urban locations, 100% of the 
respondents were found to prefer female practitioners. 
Equally, 97.2% of the participants in the rural setting 
expressed that a patient prefers female sonographers, 
where 2.8% responded that such a patient has no 
preference (Table 2).  

Table 1: Demographic Characteristics of the Study Sample (N = 
162)

Categories n (%)

59 (36.4%)

103 (63.6%)

12 (7.4%)

78 (48.1%)

51 (31.5%)

21 (13.0%)

107 (66.0%)

55 (34.0%)

101 (62.3%)

10 (6.2%)

26 (16.0%)

25 (15.4%)

88 (54.3%)

46 (28.4%)

28 (17.3%)

128 (79.0%)*

26 (16.0%)

8 (4.9%)

11 (6.8%)

15 (9.3%)

25 (15.4%)

53 (32.7%)

58 (35.8%)

25 (15.4%)

83 (51.2%)

31 (19.1%)

23 (14.2%)

52 (31.5%)

39 (24.1%)

72 (44.4%)

Variables

Male

Female

18–24

25–34

35–44

45–54

Single

Married

Bachelor's in Radiography/Ultrasound

Diploma in Medical Sonography

FCPS Radiology

MBBS

Full-time

Part-time

Temporary/Locum

Sonographer

Radiologist

Trainee

< 2 years

2–5 years

6–10 years

11–15 years

> 15 years

Private Diagnostic Center

Public Hospital

Teaching Hospital

OB-GYN Specialty Clinic

Urban

Semi-Urban

Rural

Gender

Age (years)

Marital Status

Quali�cation

Employment
Status

Professional
Role

Years of
Experience

Type
of Facility

Location of
Practice

Table 2: Perceived Gender Preference for TVUS by Practice 
Location (N=162)

32.64***

Variables
Practice
Location

No
Preference,

n (%)

Not 
Sure, n

(%)
χ²

Yes, Prefer
Female, n

(%)

47 (90.4%)

39 (100%)

70 (97.2%)

3 (5.8%)

0 (0%)

0 (0%)

2 (3.8%)

0 (0%)

2 (2.8%)

Urban

Semi-Urban

Rural

Perceived
Gender

Preference for
TVUS

***p < .001

Use of standard protocols in TVUS doing between various 
types of facilities and the years of experience were also 
investigated. The �ndings revealed that the use of 
standardized protocols in public hospitals was the most 
adhered to, as 74.7% of the respondents con�rmed that 
they used it, and only 4.3% expressed that they did not use 
the protocols. Conversely, the percentage of those in 
private diagnostic centers who had standardized protocol 
usage was 36% as compared to 32.3 and 34.8% in teaching 
hospitals and OB-GYN specialty clinics, respectively. In 
terms of years of experience, the largest percentage of 
protocol usage belonged to professionals who have over 15 
years of experience (67.2%), then to those with experience 
between 11-15 years (60.4%). On the other hand, 
respondents with less than 5 years' experience exhibited 
signi�cantly low standardized protocol adherence, with 
only 36.4% of the respondents with less than 2 years and 
26.7% with 2-5 years having low standardized protocol 
adherence. The chi-square test showed that the facility 

χ χtype ( ²=52.27) and years of experience ( ²=47.07) had a 
signi�cant relationship with the protocol use (p <0.001 for 
both) (Table 3).
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R E S U L T S

variables were summarized using frequencies and 
percentages, while continuous variables were reported as 
means and standard deviations. Inferential analyses 
included chi-square tests and logistic regression to 
examine associations between variables, with a 
signi�cance level set at p<0.05.

In terms of employment, 54.3% were working full-time, and 
most participants (69%) identi�ed their role as a 
sonographer. Nearly 68.5% of the sample had more than 10 
years of professional experience. More than half were 
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***p <0.001

A logistic regression was performed to identify predictors 
of con�dence and protocol adherence in performing TVUS. 
The analysis revealed that sonographers with six or more 
years of experience were over four times more likely to 
demonstrate con�dence and adherence (AOR=4.13, 95% 
CI: 1.85–9.21). Employment in public or teaching hospitals 
was also a signi�cant predictor (AOR=3.29, 95% CI: 
1.47–7.38). The use of standardized protocols showed a 
strong association with improved con�dence (AOR=2.86, 
95% CI: 1.22–6.69). Additionally, training availability 
(AOR=3.71, p=0.003) and lower gender-based barriers 
(AOR=2.42, p=0.047) were independently associated with 
positive practice behaviors (Table 4).

Table 4: Logistic Regression Analysis of Factors Associated with 
Con�dence and Protocol Adherence in Performing TVUS

Sonographer con�dence in performing TVUS was found to 
be closely linked with their years of professional 
experience. Con�dence levels increased substantially with 
more years of practice. Those with over 15 years of 
experience reported the highest con�dence, whereas 
those with less than 5 years of experience displayed lower 
levels of self-reported competence in performing the 
procedure (Figure 2). 

Figure 1: Barriers That Limit the Sonographer's Ability to Perform 
TVUS (N=162)

D I S C U S S I O N

Predictor Variables
β

Coe�cient
p-

value
Adjusted

OR

≥6 Years of Experience

Public/Teaching Hospital
(vs Private/Clinic)

Training Availability (Yes)

Constant

Use of Standardized
Protocols (Yes)

Low Gender-Based
Barrier (vs High)

95%
CI (Lower–

Upper)

1.85 – 9.21

1.47 – 7.38

1.22 – 6.69

1.01 – 5.79

1.56 – 8.85

—

1.42

1.19

1.05

0.88

1.31

–2.07

4.13

3.29

2.86

2.42

3.71

—

0.001

0.004

0.014

0.047

0.003

0.009

The most commonly reported barriers that hinder 
Sonographer from performing TVUS are illustrated in 
Figure 1. These included cultural sensitivities and patient 
consent issues, lack of training opportunities, inadequate 
institutional support, and legal/ethical concerns. Such 
barriers appeared to be more pronounced in rural and 
semi-urban areas (Figure 1).

Figure 2: Con�dence in Performing TVUS by Years of Experience 
(N=162)

The current study was the �rst to investigate these issues 
that Pakistani sonographers commonly encounter when 
learning and implementing TVUS in routine practice. One 
signi�cant conclusion made based on the results of this 
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Table 3: Use of Standardized TVUS Protocols by Facility Type and by Years of Sonography Experience (N = 162)

3 (12.0%)

2 (3.8%)

5 (20.0%)

2 (3.8%)

8 (32.0%)

17 (32.1%)

9 (36.0%)

32 (60.4%)

2–5 years

< 2 years

Variables χ²Yes, n (%) Maybe, n (%) No, n (%) Not Aware, n (%)Categories

Use of Standardized
TVUS Protocols

Years of Experience

52.27*

47.07*

3 (12.0%)

6 (7.2%)

6 (19.4%)

5 (21.7%)

5 (8.2%)

4 (36.4%)

5 (33.3%)

2 (8.0%)

4 (4.8%)

13 (41.9%)

5 (21.7%)

3 (4.9%)

2 (18.2%)

3 (20.0%)

11 (44.0%)

11 (13.3%)

2 (6.5%)

5 (21.7%)

12 (19.7%)

1 (9.1%)

3 (20.0%)

9 (36.0%)

62 (74.7%)

10 (32.3%)

8 (34.8%)

41 (67.2%)

4 (36.4%)

4 (26.7%)

Private Diagnostic Centre

Public Hospital

Teaching Hospital

OB-GYN Specialty Clinic

> 15 years

11–15 years

6–10 years
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study is that there is a high preference for female 
sonographers by the patients, across all demographic 
areas, including urban, semi-urban, and rural areas. This 
observation is corroborated by the literature both in South 
Asia and the Middle Eastern countries, where gender 
dynamics in the healthcare relationship have been 
signi�cantly affected by the cultural and religious 
understanding, speci�cally in gynecological or intimate 
examinations [15, 16]. Similar results are provided in a study 
carried out in Lahore, Pakistan, raising high refusal rates of 
TVUS when provided by a male sonographer, similar to the 
present study [17, 18]. The signi�cant correlation between 
the location of practice and gender preference of patients 
indicates the deep sense of cultural values present in rural 
and conservative areas of Pakistan. Female patients, in 
such settings, tend to avoid male medical practitioners 
because of the modesty norms, family and societal norms, 
and religious expectations [19]. This underscores that 
there is a need of skilled female sonographers, especially in 
the underserved rural settings. In terms of adherence to 
the standardized TVUS procedures, the analysis suggested 
that public hospitals are generally more compliant with the 
standardized TVUS protocols than the private centers and 
specialty clinics. This may be attributed to the presence of 
enhanced governance by the institutions, quality 
assurance systems, and continuing education policies that 
are commonly present in government facilities [16]. On the 
other hand, the variability in the protocol compliance in the 
private sector may represent an absence of a regulatory 
process and standardized training protocols, which was 
also mentioned in one of the recent audits of radiological 
facilities in Punjab [20]. Years of experience on the job 
were also discovered to have a substantial in�uence on the 
attitude towards adherence to protocol and con�dence of 
sonographer in performing the TVUS. This observation 
con�rms the available evidence that the clinical skills in 
ultrasound are enhanced with time and subsequent 
exposure, along with the supervision and training of the 
skills. A regional study suggested that senior radiologists 
were observed as more consistent and guideline-
compliant with regard to scanning practices in comparison 
with junior employees or technicians [21, 22]. Similarly, the 
association between experience and con�dence 
demonstrated by this study re�ects similar tendencies in 
sonography teaching programs explained in a study 
conducted in Southeast Asia, indicating that organized 
formal training and mentorship have not only a positive 
effect on the practical abilities of the practitioner but also 
improve their self-e�cacy [23]. The results of the logistic 
regression analysis emphasize that professional 
experience, institutional support, and structured training 
are signi�cant factors to consider to increase con�dence 
and compliance with TVUS protocols. The sonographers 

who had an experience of ≥6 years were more than four 
times more expected to show competent practice 
(AOR=4.13), a �nding that corresponded with past reports 
that clinical seniority increases procedural con�dence and 
guideline adherence. Working in state or teaching hospitals 
(AOR=3.29) also indicates the contribution of the resource 
availability and supervision to the improvement of the 
practice standards, as the prior studies have shown. The 
adherence was much better with the use of standardized 
protocols (AOR=2.86), which proves that formal guidelines 
can decrease the variability of ultrasound practice [24]. 
Further, the availability of training (AOR=3.71) and 
d e c r e a s e d  g e n d e r - r e l a te d  b a r r i e r s  ( AO R = 2 . 4 2 ) 
demonstrate the signi�cance of the equitable accessibility 
and conducive conditions in promoting professional 
competence. Taken together, these �ndings highlight the 
importance of speci�c training, institutional support, and 
reduction of social obstacles as the key to enhancing TVUS 
performance. Notably, the research also established 
several barriers to quality delivery of the TVUS practice, 
particularly in semi-urban and rural locations. Some of the 
key concerns in this respect are cultural taboos, lack of 
training opportunities, gaps in the institution, and the 
absence of the consent of patient. Such outcomes are 
consistent with the case in Pakistan, which was described 
in previous research, pointing to the de�ciency of 
gynecological ultrasound education in general sonography 
programs and the absence of workshops or simulation 
training to learn the invasive procedures [25]. The issue of 
legal and ethical consequences in the practice of (TVUS) 
shows that the problem requires national guidelines that 
a r e  s t a n d a rd i z e d  to  p r o te c t  b o t h  p a t i e n t s  a n d 
professionals. One of the reviews notes that a lack of 
training in the �eld of ultrasound, and in particular in low 
and middle-income countries, can give rise to both ethical 
and clinical issues [26]. The research is among one of the 
earliest studies in Pakistan conducted to investigate the 
professional, institutional, and cultural determinants 
affecting the application of transvaginal ultrasound (TVUS) 
by sonographers and radiologists. The inclusion of various 
practitioners working in different healthcare settings, 
including public, private, and teaching institutions, 
contributes to the generalizability of the results in the local 
context.
However, there are a number of limitations that need to be 
acknowledged. External validity is restricted due to the 
convenience sampling method, and lack of formal power 
analysis also limits the accuracy of the inferential �ndings. 
Self-reported data can also be subject to recall or social 
desirability bias, while the cross-sectional research design 
does not allow making causal inferences. Future research 
needs to consider employing probability-based sampling 
a n d  m u l t i - c e n t e r  d a t a  c o l l e c t i o n  t o  e n h a n c e 
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Electromagnetic Pollution and Its Health Effects: A Public Awareness and
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surrounded by a cloud of electromagnetic radiation that is 

invisible to the human eye [2]. Though non-ionizing EMFs, 

including those produced by most domestic and personal 

devices, are generally deemed to be less harmful than 

ionizing radiation, increasing public concern and current 

research indicate that there may be health consequences 

[3]. The cumulative impact of convergent electromagnetic 

emissions of several sources is called electromagnetic 

pollution, or, in other terms, electro-smog [1]. Although no 

one can deny the industrial and technological advantages 

of the EMF-emitting devices, the long-term biological 

effects are not fully comprehended and are the subject of 

numerous controversies [4, 5]. The symptoms that are 

Electromagnetic pollution (or electromagnetic smog or 

E M F  ( e l e c t r o m a g n e t i c  � e l d )  e x p o s u r e )  i s  t h e 

overabundance in our environment of electromagnetic 

radiation, mostly man-made (mobile phones, Wi-Fi routers, 

power lines, and microwave ovens). This paper will examine 

the awareness, perception, and experiences of the 

population concerning the exposure to EMF and their 

possible health impacts [1]. In the world of computers, the 

level of exposure to electromagnetic �elds (EMFs) has 

become an inevitable part of our lives. As wireless 

technologies, mobile phones, Wi-Fi routers, power lines 

and smart meters, and other devices that generate and 

consume electromagnetic radiation spread, humans are 

I N T R O D U C T I O N

In a contemporary world with a lot of electromagnetic �elds (EMF) producing appliances, 

individuals are becoming increasingly worried about the impact that the appliances can have on 

their health. Objectives: To investigate the level of public awareness, behavior, and symptoms 

of health in relation to non-ionizing electromagnetic radiation of mobile phones, Wi-Fi, and 4G / 

5G towers. Methods: The study was conducted using a cross-sectional descriptive survey 

(n=115) with a con�rmed questionnaire that was administered online. The Chi-square test and 

descriptive statistics were used to test the relationships between EMF exposure and reported 

health symptoms. Results: The study revealed that mobile phone addiction is high, and over 60 

percent of the respondents spent over six hours a day on the devices. Interestingly, 76 percent 

of them reported headaches, 66 percent complained of eye strain, and 61 percent complained of 

sleep problems, which indicates that the long-term exposure to EMF might be associated with 

neurological symptoms. The chi-square test was used to demonstrate that the association 

between high EMF exposure and health complaints is statistically signi�cant (p<0.001). 

Conclusions: The paper gives important points on how the community education needs much 

improvement, policies should be made according to the situation, and more longitudinal studies 

are needed to understand the health risks of prolonged EMF exposure and mitigate them.
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usually associated with EMF exposure are headaches, 

fatigue, sleeping problems, memory problems, and stress, 

which can be of different degrees with respect to the 

duration and exposure proximity [6]. It also aims at 

determining the level of precautionary measures taken by 

individuals and the level of interest of people in stricter 

regulations. The electromagnetic �eld may be further 

classi�ed into ionizing EMFs, high-frequency radiation that 

may cause the break of molecular bonds (e.g., X-rays, 

ultraviolet rays), and non-ionizing EMFs, which are low-

frequency radiation in communication and domestic 

in�uence (e.g., radiofrequency radiation of phones, Wi-Fi, 

and extremely low frequency (ELF) radiation of power lines, 

etc.) [7, 8]. Although the biological effects of non-ionizing 

EMFs are currently under study, the well-known biological 

effects of ionizing radiations are DNA damage and cancer 

[7, 8]. However, some organizations come out to say that 

radiofrequency EMFs are possibly carcinogenic to humans, 

or group 2B (IARC, n.d.), thus drawing new attention and 

concern [9-12]. In contemporary homes and o�ces, 

individuals are constantly exposed to EMF-emitting 

appliances. They are mobile phones and smartphones, 

4G/5G cellular towers, Wi-Fi routers and Bluetooth devices, 

microwave ovens, smart home appliances, and electrical 

power lines and substations [13, 14]. This is unlike in the 

past, where exposure to EMF was restricted to certain 

industrial or medical settings; today, it is everywhere, 

continuous, and in many cases long-lasting, especially 

among the younger age groups and working professionals 

who spend a lot of time online or close to any electronic 

gadgets [1]. Anecdotal and clinical evidence is growing, 

indicating that EMF may play a role in the development of a 

variety of non-speci�c symptoms, which include 

headaches, sleep disturbances, chronic fatigue, eye strain, 

anxiety or cognitive impairment, dizziness, and memory 

problems [3, 14]. These symptoms have been generally 

referred to as Electromagnetic Hypersensitivity (EHS). 

Nevertheless, it is not a medical diagnosis yet, as 

inconsistent results have been found and standard 

biomarkers are lacking [14]. What is certain, despite the 

debate that has been taking place in the scienti�c circles, is 

the increasing national concern and ignorance of EMF 

pollution and the dangers therein. Especially, this is 

essential in urbanized and developing areas with high 

access to digital devices and low awareness of the local 

population on EMF safety [1, 13]. The existing research is 

mostly based on EMF exposure in developed nations, and 

the local or regional data is usually not available. In the 

regions where digital literacy is increasing and health 

literacy could be low; people would be unaware of the 

sy m pto m s  a ss o c i ate d  w i t h  E MF  o r  t a ke  p ro p e r 

M E T H O D S

A cross-sectional descriptive survey design was employed, 
which was suitable for assessing the prevalence of 
awareness, perceptions, and symptoms at a single point in 
time. However, this design does not allow for the 
establishment of causal relationships between EMF 
exposure and reported health outcomes. The duration of 
the conducted study was 4-5 months, from January 2025 
to May 2025 at Kinnaird College for Women. A questionnaire 
was designed using Google Forms to be answered by 
participants. The tool was tested for validity with expert 
feedback and clari�ed through pilot testing with a total 
number of (n=115) individuals to con�rm it worked well. 
Since it consisted of 22 questions, they were divided into 
different sections. There were single-choice, multiple-
response, and Likert-scale questions on the survey. A non-
probability convenience sampling method was used 
because it allowed quick and practical recruitment of 
participants through online platforms (Facebook, 
WhatsApp, Instagram, and email). Adults aged 18 years and 
above who voluntarily participated. Individuals below 18 
years and incomplete or duplicate responses. A validated 
Google Forms questionnaire with 22 items (single-choice, 
multiple-response, and Likert-scale) was used. The 
research was conducted between April 2025- May 2025, 
and 150 original responses were obtained. Following the 
completeness and duplicate screening, the �nal analysis 
comprised 115 valid responses. This sample size (n=115) is 
believed to be su�cient to conduct a preliminary cross-
sectional survey, and it would be satisfactory to explore 
health surveys where a sample size of 100 is usually 
recommended to produce stable estimates to describe and 
draw basic inferences. Inclusion criteria included adults 
aged 18 years and above who were capable of accessing and 
�lling out the online questionnaire. This was done by 
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precautionary steps [2].

The rapid proliferation of EMF-emitting devices such as 

mobile phones, Wi-Fi routers, and 4G/5G towers has raised 

public concern regarding potential health impacts, 

including headaches, eye strain, sleep disturbances, and 

other neurological symptoms. Despite growing awareness 

internationally, there is limited local data on public 

knowledge, behavioral patterns, and self-reported health 

effects related to EMF exposure, particularly in urbanized 

regions of developing countries. Additionally, most existing 

studies focus on developed nations, and evidence from the 

general population using non-ionizing EMF devices 

remains sparse. This study aims to investigate public 

awareness, behavioral patterns, and health-related 

symptoms associated with EMF exposure,  while 

highlighting the need for improved community education 

and precautionary practices.
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excluding those under the age of 18, incomplete, or 
duplicate responses. No medical exclusion criteria were 
implemented because the study was done to survey the 
general adult population. It is necessary to mention that 
since the recruitment process was made with the use of 
online sources (Facebook, WhatsApp, Instagram, email) 
only, the sample will most probably be biased, as the 
sample of all adults will not be fully represented by the 
sample of people with greater internet consumption. 
Google Forms was used to design a questionnaire. The 
validity of the tool was tested by the expertise of the 
researcher, and its comprehensibility was tested by a pilot 
test using another sample (n=15). The Likert-scale items 
that were used in the quantitative analysis were evaluated 
on internal consistency reliability, and Cronbach's alpha 
was calculated, which gave a satisfactory value of 0.78, 
which is good reliability. The data were cleaned and coded 
using Microsoft Excel. The descriptive statistics 
(frequencies and percentages) were conducted in Python, 
whereas the inferential statistics (Chi-square test) were 
conducted in SPSS (version 27.0) to check the relationship 
between EMF exposure and health symptoms. The Cramer 
V was used to determine the strength of association.
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Figure 3: Perceived Sources of EMF Pollution

Overall, 75 (65%) of participants were somewhat or 
moderately aware, 22 (19%) were well-informed, and 18 
(16%) reported no awareness regarding EMF exposure and 
its health effects (Figure 4).

Figure 4: Knowledge of EMF Exposure and Its Health Effects 

D I S C U S S I O N

The objective of this study was to determine the 
awareness, behavior, and health issues regarding exposure 
to electromagnetic �elds (EMF). The �ndings offer valuable 
information as to the interaction of different demographic 
and behavioral variables, especially the level of education, 
the time spent on phones, and precautionary practices, 
with the perceptions of the population and self-reported 
health outcomes. The �ndings showed that an increasing 
concern about EMF exposure in society is on the rise in line 
with the international reports by the World Health 
Organization [9]. These statistics indicated that high levels 
of EMF were measured daily, and most of them were on 
mobile phones and Wi-Fi routers. Moreover, a more 

R E S U L T S

Out of the 150 responses obtained, 115 valid responses were 
analyzed, and this gave a mean age of 22.4 years (SD = 2.1). 
EMF exposure patterns, awareness, and health-related 
symptoms were summarized using descriptive and 
inferential statistics. 87 (76%, 95% CI: 68.2% to 83.8%) had 
headaches, 76 (66%, 95% CI: 57.7% to 74.3%) experienced 
eye strain, and 70 (61%, 95% CI: 52.3% to 69.7%) had sleep 
disturbances. Fatigue 62 (54%), anxiety or stress 60 (52%), 
and dizziness 48 (42%) were other characteristics 
frequently used. The Chi-square test demonstrated that 
the frequency of EMF exposure was statistically 
signi�cantly associated with the prevalence of health 

χsymptoms ( ² = 24.36, df = 6, p<0.001). This relationship had 
a moderate effect size with the Cramer V of 0.46. The 
Cramer V of 0.46 was a moderate relationship between high 
EMF exposure and the symptoms reported (Figure 1). 

Figure 1: Reported Health Symptoms After EMF Exposure

Most participants, 72 (63%), reported using mobile phones 
for more than six hours per day, while 29 (25%) used them 

Figure 2: Daily Mobile Phone Usage among the Population

Mobile phones were identi�ed as the main source of EMF 
pollution by 104 (90%) of respondents, followed by 4G/5G 
towers 97 (84%), Wi-Fi routers 93 (81%), and microwave 
ovens 86 (75%). Smart meters and high-voltage powerlines 
were mentioned by 69 (60%) and 46 (40%), respectively 
(Figure 3).

for 3–6 hours, 11 (10%) for 1–3 hours, and only 3 (2%) for less 
than one hour daily (Figure 2).



19
PBMJ VOL. 8 Issue. 11 Nov 2025 Copyright © 2025. PBMJ, Published by Crosslinks International Publishers LLC, USA

This work is licensed under a Creative Commons Attribution 4.0 International License.

educated population was more familiar with the subject of 
electromagnetic pollution, and it has been shown in the 
past that the level of awareness tends to increase with the 
level of education and access to scienti�c information [15, 
16]. It is noteworthy that the higher level of awareness and 
the number of hours spent using the mobile phone (more 
than six hours per day) had a strong association with the 
self-reported headaches, fatigue, and sleep disturbances. 
Past biological and epidemiological studies have identi�ed 
such similarities between protracted exposure to EMF and 
neurological symptoms [13]. Although the non-ionizing 
radiation is not so powerful that it may lead to direct 
damage to DNA, it was demonstrated that such oxidative 
stress and DNA strand breaks may be present in the case of 
long-term exposure [3, 7]. Although the participants were 
aware of the risks to their health, a large part still did not 
take precautions regularly, which suggests the differences 
between the knowledge level and the protective measures. 
The rising levels of international advocacy of the use of 
biologically based exposure limits can be seen as the 
product of increasing numbers of countries driving 
towards more restrictive regulator y policies and 
independent research on the health effects of EMF [17, 18]. 
Besides, the statistically signi�cant association identi�ed 
by using the chi-square test was supported by a moderate 
effect size (Cramers V = 0.46). It demonstrates that there is 
a signi�cant correlation between exposure to EMF and 
health-related complaints,  which proves earl ier 
assumptions that the EMFs may have an in�uence on the 
well-being, even at non-ionizing proximities [19, 20]. These 
�ndings are accompanied by testimonies that describe the 
symptoms that belong to electromagnetic hypersensitivity 
[14]. But some constraints have to be admitted.
Another bias that was applied to the sample was that of 
highly learned individuals, which may not be the 
representative population. The reporting of symptoms was 
not clinically veri�ed and existed as self-report; this can 
have introduced a bias in it. Moreover, as it is a cross-
sectional study, the causal relations between the 
exposures of EMF and the health outcomes cannot be 
discussed. The future research should therefore follow 
longitudinal or experimental methods and objective 
biological measures to assist in shedding some light on the 
mechanisms of the latter laboratory research.

C O N C L U S I O N S

The paper provides valuable statements about the way in 
which community education should be signi�cantly 
improved, policies must be adjusted in line with the 
circumstances, and additional longitudinal investigations 
should be carried out to comprehend the health hazards of 
sustained exposure to EMF and how they can be avoided.
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HPV vaccination is highly encouraged in national 

immunization efforts as one of the major steps to cervical 

cancer prevention [4]. The HPV vaccine should be applied 

to both girls and boys [5]. Universal, gender-neutral HPV 

vaccination would go a long way in increasing herd 

immunity and further eradicating cervical cancer in the 

world. Moreover, it provides men with protection against 

the cancers linked to HPV, de�nes gender equality in 

healthcare, and assists in preventing stigma and 

Cervical cancer is the fourth most prevalent form of cancer 

in women worldwide. It is caused by Human papilloma virus 

(HPV) infection and approximately 604,000 new cases and 

3 4 2 ,0 0 0  d e a t h s  r e p o r t e d  g l o b a l l y  i n  2 0 2 0  [ 1 ] . 

Approximately 70% of cervical cancer cases in the world 

are related to persistent infection with high-risk HPV and 

mostly type 16 and type 18 [2]. The prevention of HPV is also 

a top priority in protecting public health since it also causes 

other anogenital cancers and oropharyngeal cancer [2, 3]. 

I N T R O D U C T I O N

Human Papilloma virus (HPV) is a sexually transmitted infection that is leading cause of cancer 

among women, with 604,000 new cases and 342,000 deaths reported globally in 2020. 

Objectives: To assess the knowledge and attitude of healthcare professionals (HCPs) regarding 

the HPV vaccine at tertiary care hospitals Karachi. Methods: A cross-sectional survey was 

conducted into two tertiary care hospitals: 1) Dow University Hospital, Karachi, and Dr. Ruth K. M. 

Pfau Civil Hospital Karachi from May 2025 to July 2025.  A purposive sampling technique was 

used to enroll a total of 384 participants in the study. All healthcare workers were included in the 

study (doctors, nurses, pharmacists, and technicians). The data were interpreted into SPSS 

version 26.0. For descriptive analysis: frequency, means, standard deviations, and percentages 

were calculated. A chi square test was used to assess the association of demographic 

information of HCPs with knowledge and attitude categories. Results: Out of 384, 57.5% of the 

participants provided correct answers and 42.2% of HCPs had moderate knowledge.  About 1/3 

of HCPs attitude (32.3%) agreed/strongly agreed towards HPV vaccine and nearly half (46.4%) of 

HCPs established a neutral attitude. There was a statistically signi�cant association of 
χ χprofession with knowledge ( ² = 26.70, df = 6, p < 0.001) and attitude categories ( ² = 22.90, df = 6, p 

< 0.001) among HCPs. Moreover, doctors representing higher knowledge and positive attitude as 

compared to nurses and other HCPs. Conclusions: This study highlights that healthcare 

professionals possess a moderate level of knowledge and neutral attitude regarding the HPV 

vaccine. Doctors demonstrated comparatively higher knowledge and a more favorable attitude 

than nurses, pharmacists, and technicians 
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misinformation related to the infection [6]. Studies have 

shown that cervical cancer and its related infections can be 

almost entirely prevented through timely screening and 

HPV vaccination [7]. The developed nations have managed 

to reduce the cases of HPV infection because of the 

extensive accessibility of HPV immunization schemes [8]. 

On the contrary, most low- and middle-income nations 

(LMICs) are still struggling with the great di�culties of 

inadequate �nancial sources, cultural obstacles, and low 

awareness levels, impeding successful prevention of HPV 

causing infections and control activities [9]. Countries in 

South Asia, such as Pakistan, still have a problem with the 

implementation of HPV vaccine. Although a signi�cant 

burden of cervical cancer exists, screening for cervical 

cancer is dismal at only 2% [10]. The model study based on 

the prediction showed that 90% annual coverage by HPV 

immunization of girls older than 9 years may potentially 

prevent approximately 111,000-133,000 incidents of 

cervical cancer [1]. The HPV vaccine was launched in 

Pakistan in 2019 under the Expanded Program on 

Immunization (EPI) for girls between 9 years and 14 years of 

age, but has not yet been integrated into regular national 

immunization services [4]. The HCPs play a critical role in 

vaccination initiatives because their attitudes and 

knowledge are directly related to the percentage of 

vaccination within the general population [11]. In a cross-

sectional study, awareness about availability of HPV 

vaccination was very low (20%), and only one in �ve tertiary 

care women in Karachi had received the vaccine [12]. For 

successful execution of HPV vaccination at a national level 

in Pakistan, there is crucial need to assess the healthcare 

professional's awareness about HPV vaccination.

Cervical cancer, largely caused by Human Papillomavirus 

(HPV), remains a signi�cant public health issue in Pakistan, 

with low national screening rates and limited HPV vaccine 

coverage. Despite healthcare professionals (HCPs) being 

critical in promoting vaccination, evidence suggests that 

their knowledge and attitudes towards the HPV vaccine are 

moderate to neutral, and gaps exist particularly regarding 

vaccine schedules and recommendations. While previous 

studies have assessed HPV awareness, there is limited 

research in Pakistan focusing speci�cally on tertiary care 

HCPs' knowledge and attitudes, highlighting a need to 

evaluate these factors systematically. Therefore, this study 

aimed to assess the knowledge and attitude of healthcare 

professionals towards the HPV vaccine in tertiary care 

hospitals in Karachi to identify gaps and inform targeted 

educational interventions.

A Cross-sectional survey was conducted into two tertiary 
care hospitals; Dow University Hospital, Karachi, and the 
Dr. Ruth K. M. Pfau Civil Hospital Karachi from May 2025 to 
July 2025. Study includes all healthcare providers (HCPs) 
like doctors, nurses, pharmacists, technicians. Exclusion 
criterion: Those healthcare providers who were absent at 
the time of data collection. A self-administered 
questionnaire was used to collect the data after approval 
from IRB (Ref: IRB-3455/DUHS/Approval/2024/162), Dow 
University of Health Sciences, Karachi, and all the 
participants provided written consent. Participants were 
enrolled in the study through a purposive sampling 
technique. For sample size calculation, an Open-Epi 
software was used by following formula and criteria:  
“Sample size n = [DEFF*Np(1-p)]/ [(d2/Z21-α/2*(N-1)+p*(1-
p)] , Population size(for �nite population correction factor 
or FPC)(N): 1000000, Hypothesized % frequency of 
outcome factor in the population (p):50%+/-5, Con�dence 
limits as % of 100(absolute +/- %)(d):5%, design effect (for 
cluster surveys-DEFF):1” . The calculated sample size was 
384. The study's sample size was divided on a 50% division 
rule. For example, 192 participants will be from each study 
setting. Data was collected through a structured 
questionnaire adapted from previous study (13), it has three 
parts: Part I consisted of demographic information of the 
HCPs: age, gender, profession, year of experience, working 
unit/department. Part II included knowledge of HPV among 
HCPs, it contains 07 items. 1)HPV vaccine is effective in 
p r e v e n t i n g  c e r v i c a l  c a n c e r  2 )  H P V  v a c c i n e  i s 
contraindicated in pregnancy.3) HPV is a common sexually 
transmitted infection.4) Three-dose series is for 15–45 
years & immunocompromised individuals.5) Two-dose 
series recommended for ages 9–14 years.6) HPV vaccine is 
only effective for a short period. 7) HPV vaccine is 
recommended for both males and females. Participants 
have two options to response: correct and incorrect. Each 
correct response =1 and incorrect response =0. It ranges 
from 0 to 7.  The score of knowledge has divided into three 
categories good, moderate and poor knowledge score that 
is based on scoring system of correct and incorrect 
responses. Score categorize poor (0-2), moderate (3-4) and 
good knowledge (5-7). Part III included attitude towards 
HPV among HCP, it has 5 items 1) I believe HPV vaccine is 
important for preventing cervical cancer.2) I would 
recommend HPV vaccine to my patients.3) I believe HPV 
vaccine is safe.4) I believe HPV vaccine is effective.5) I 
would get HPV vaccine myself / for my child if I were a 
parent. It was consisted of �ve-point Likert scale like 
Strongly Agree =5, Agree =4, Neutral= 3, Disagree=2, 
Strongly Disagree=1.The score of  attitudes was 
categorized on three scales like if the participants marked 
score between 18 – 25= to positive attitude, 12-17= neutral 
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Overall mean number of correct responses per item was 
(Mean ± SD =220.7± 63.7). Out of 384, 57.5% of the HCPs 
gave correct answers. The highest knowledge was 
reported regarding the preventive role of the HPV vaccine 
against cervical cancer (68.0%), its contraindication in 
pregnancy (70.3%), and recognition of HPV as a common 
sexually transmitted infection (66.9%). Similarly, 
misconceptions about short-term effectiveness were 
marked by most participants, with 67.7% answering 

Table 2: Knowledge of HPV Vaccine among HCPs (n=384)

Knowledge Statement Correct (True),
n (%)

Incorrect/Don't
Know, n (%)

The HPV Vaccine is Effective in
Preventing Cervical Cancer

The HPV Vaccine is Contraindicated
in Pregnancy

HPV is a Common Sexually
Transmitted Infection

Three-Dose Series is for 15–45 Years
and Immunocompromised Individuals

261 (68.0%)

270 (70.3%)

257 (66.9%)

132 (34.4%)

123 (32.0%)

114 (29.7%)

127 (33.1%)

252 (65.6%)

Two-Dose Series Recommended
for Ages 9–14 Years

The HPV Vaccine is only Effective
for a Short Period. (False)

125 (32.6%)

260 (67.7%)

259 (67.4%)

124 (32.3%)

The HPV Vaccine is Recommended
for both Male and Female

Per Items

Total

240 (62.5%)

220.7 ± 63.7

1545 (57.5%)

144 (37.5%)

163.3 ± 63.7

1143 (42.5%)

The distribution of knowledge scores is presented. The 
majority of HCPs (n = 162, 42.2%) were categorized as 
having a moderate level of knowledge. Good knowledge 
was observed in 118 participants (30.7%), while 104 (27.1%) 
demonstrated poor knowledge (Figure 1).

Figure 1: Knowledge Categories among HCPs (n=384)

About one-third of HCPs' attitudes (32.3%) agreed/strongly 
agreed with the HPV vaccine. Most of the (78.7%) HCPs 
acknowledged the importance of the vaccine in preventing 
c e r v i c a l  c a n c e r,  ( 7 4 . 2 % )  w e r e  h e s i t a n t  a b o u t 
recommending it, (71.4%) considered it safe, and (70.0%) 
accepted it for themselves or their children (Table 3).

Table 1: Demographic Information of HCPs (n=384)

A total of 384 participants took part in the study, with a 
mean age of 40.1 ± 10.5. The majority were female (n=284, 
73.9%), most were nurses (n=222, 57.8%), and a signi�cant 
portion had 6 to 10 years of work experience (n=140, 36.5%). 
Additionally, a large number were working in the 
gynecology ward (n=120, 16.1%) (Table 1).

120 (31.3%)

80 (20.8%)

90 (23.4%)

64 (16.7%)

10 (2.6%)

20 (5.2%)

Gynae

Pediatrics

Medicine

Surgery

Oncology

Other

Department

n (%)Variables

40.1 ± 10.5Mean ± SD

100 (26.0%)

284 (74.0%)

Male

Female

140 (36.5%)

222 (57.8%)

12 (3.1%)

10 (2.6%)

Doctor

Nurse

Pharmacist

Other

136 (35.4%)

140 (36.5%)

108 (28.1%)

1–5 Years

6–10 Years

More than 10 Years

Age

Gender

Profession

Years of Experience

Table 3: Attitudes Regarding HPV Vaccine among HCPs (n=384)

R E S U L T S

attitude and 5-11= negative attitude. The data was analyzed 
and entered on SPSS 26. For descriptive analysis 
frequency, means, standard deviations, and percentages 
were calculated. The knowledge and attitude categories 
were calculated by summing up the scoring system of 
correct and incorrect responses, Likert scale and total 
ranges that is assigned in each category of knowledge and 
attitude scores. A chi square test was used to assess the 
association of demographic information of HCPs with 
knowledge and attitude categories. A bar chart and pie 
chart was used for visual demonstration of HPV knowledge 
and attitude categories among HCP.

correctly, and over 62% acknowledged that the vaccine is 
recommended for both male and female (Table 2).

Statements

Agree/
Strongly
Agree (4

–5)

Neutral
(3)

Disagree/
Strongly
Disagree

(1–2)

I Believe the HPV Vaccine is
Important for Preventing Cervical

Cancer

I Would Recommend the HPV
Vaccine to my Patients

I Believe the HPV Vaccine is Safe

210 (78.7%)

61 (15.9%)

44 (11.5%)

52 (13.5%)

150 (74.2%)

66 (17.2%)

30 (7.8%)

38 (9.9%)

130 (71.4%)

I Believe the HPV Vaccine is
Effective

I Would Get the HPV Vaccine Myself/
For my Child if i were a Parent

60 (15.6%)

64 (16.7%)

230 (72.7%)

130 (70.0%)

45 (11.7%)

51 (13.3%)
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There was a statistically signi�cant association between 
χprofession and knowledge categories ( ² = 26.70, df = 6, 

p<0.001) among HCPs. Doctors demonstrated higher 
knowledge (50%) compared to nurses (45%), pharmacists 
(33%), and other HCPs (20%). Other demographic factors, 
such as gender, years of experience, and department, did 
not show signi�cant associations with knowledge 
categories among HCPs (p>0.05) (Table 4).

Table 4: Association of Demographic Information with HPV 
Knowledge Categories among HCPs (n=384)

Variables
Good,
n (%)

χ² 
(df)

p-
value

30 (30.0%)

94 (33.1%)

Categories Poor,
n (%)

Moderate,
n (%)

40 (40.0%)30 (30.0%)Male (n=100)

Female (n=
284)

120 (42.3)70 (24.6%)
Gender

2.45
(2) 0.294

70 (50.0%)

4 (33.3%)

5 (25.0%)

100 (45.0%)

2 (20.0%)

36 (26.5%)

45 (32.1%)

33 (30.6%)

42 (35.0%)

25 (31.3%)

30 (33.3%)

19 (29.7%)

3 (30.0%)

6–10 (n=140)

50 (35.7%)

2 (16.7%)

10 (50.0%)

20 (14.3%)

6 (50.0%)

5 (25.0%)

Doctors (n=
140)

Nurses (n=
222)

Pharmacist
(n=12)

1–5 (n=136)

Gynae (n=
120)

Pediatrics
(n=80)

Medicine
(n=90)

Surgery (n=
64)

Oncology
(n=10)

Other (n=20)

70 (31.5%)52 (23.5%)

4 (40.0%)4 (40.0%)Other (n=10)

60 (44.1%)40 (29.4%)

60 (42.9%)35 (25.0%)

50 (46.3%)25 (23.1%)>10 (n=108)

50 (41.7%)28 (23.3%)

30 (37.5%)25 (31.3%)

40 (44.4%)20 (22.2%)

30 (46.9%)15 (23.4%)

4 (40.0%)3 (30.0%)

Profession

Working
Experience

(Years)

Department

26.70
(6)

3.98
(4)

15.85
(10)

<0.001*

0.409

0.105

There was a statistically signi�cant association between 
χprofession and attitude ( ² = 22.90, df = 6, p<0.001) among 

HCPs. Doctors showed a more positive attitude (60.7%) 
toward HPV vaccination compared to nurses (37.0%), 
pharmacists (16.7%), and other HCPs (30.0%). Other 

Table 5: Association of Demographic Variables with Attitude 
Categories of HPV Vaccine among HCPs (n=384)

Variables
χ² 

(df)
p-

value
Categories

Male (n=100)

Female (n=
284)

Gender

Doctors (n=
140)

Nurses (n=
222)

Pharmacist
(n=12)

Profession

Negative,
n (%)

Neutral,
n (%)

Positive,
n (%)

25 (25.0%)

50 (17.6%)

15 (10.7%)

50 (22.5%)

6 (50.0%)

35 (35.0%)

100 (35.2%)

40 (28.6%)

90 (40.5%)

4 (33.3%)

40 (40.0%)

134 (47.2%)

85 (60.7%)

82 (37.0%)

2 (16.7%)

1.85
(2)

22.90
(6)

0.397

<0.001*

6–10 (n=140)

1–5 (n=136)

Gynae (n=
120)

Pediatrics
(n=80)

Medicine
(n=90)

Surgery (n=
64)

Oncology
(n=10)

Other (n=20)

Other (n=10)

>10 (n=108)

Working
Experience

(Years)

Department

4 (40.0%)

30 (22.1%)

30 (21.4%)

15 (13.9%)

20 (16.7%)

20 (25.0%)

15 (16.7%)

12 (18.8%)

2 (20.0%)

6 (30.0%)

3 (30.0%)

50 (36.8%)

55 (39.3%)

30 (27.8%)

40 (33.3%)

30 (37.5%)

35 (38.9%)

25 (39.1%)

3 (30.0%)

7 (35.0%)

3 (30.0%)

56 (41.2%)

55 (39.3%)

63 (58.3%)

60 (50.0%)

30 (37.5%)

40 (44.4%)

27 (42.2%)

5 (50.0%)

7 (35.0%)

4.42
(4)

14.20
(10)

0.351

0.165

D I S C U S S I O N

The current study revealed that 42.2% of HCPs had 
moderate knowledge, 30.7% showed good knowledge, and 
27.1% demonstrated poor knowledge. The highest 
knowledge was reported regarding the preventive role of 
the HPV vaccine against cervical cancer (68.0%), its 
contraindication in pregnancy (70.3%), and recognition of 
HPV as a common sexually transmitted infection (66.9%). 
Misconceptions about short-term effectiveness were 
marked by most participants, with 67.7% answering 
correctly, and over 62% acknowledged that the vaccine is 
recommended for both males and females.  Similar 
�ndings were in line with previous studies that showed 
study participants had greater knowledge about HPV and 
its vaccine potency, but they did not know the vaccination 
schedule, except for a few unvaccinated participants who 
knew about vaccine safety [16, 17]. In contrast, a study from 
Iran highlighted that more than 90% of the HCPs knew 
about HPV and its vaccine, and 76% were aware that the 
HPV vaccine can prevent cervical cancer. And most 
frequently answered by 95.7% that HPV is a sexually 
transmitted disease [18]. A study from Kazakhstan 
reported that 61.1% participants had marked correct 
answers about HPV and its vaccine, which was associated 
with a higher level of education and income status [19]. A 

Total (Overall %) 439 (32.3%) 628 (46.1%) 294 (21.6%)

The overall attitudes of HCPs towards the HPV vaccine are 
shown. A neutral attitude was the most common (n=178, 
46.4%), followed by a positive attitude (n=122, 31.8%), and a 
negative attitude (n=84, 21.8%) (Figure 2).

Figure 2: Attitude Categories Toward HPV Vaccine among HCPs 
(n=384)

demographic factors, such as gender, years of experience, 
and department, did not show signi�cant associations with 
attitude categories (p>0.05) (Table 5).
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Saudi Arabian study revealed that general healthcare 
provider awareness was at an average level, indicating that 
there were still gaps in various healthcare cadres [20]. One 
of the studies in Qatar found that 83.7% of the respondents 
were su�ciently informed about the HPV infection, and 
that only 69.1% of the study population were aware of the 
existence of HPV vaccination in their native country. Most 
of the respondents (89.4) made some observations 
(insight) that HPV may be asymptomatic, and 46.5% noted 
that the least interest was in physicians to promote the HPV 
vaccination [21]. Iranian research also revealed that 63.4% 
of the medical practitioners were well aware of HPV and its 
vaccine, and 71.6% offered their patients the vaccine [17]. A 
systematic review revealed that, in most cases, the 
providers of health care had su�cient knowledge of the 
HPV infection and its impact on health. The respondents 
indicated that there was a perceptible gap in their 
knowledge when it came to the speci�cs of HPV vaccines 
and their bene�ts. It was highlighted on the occasion of an 
educational session on the concept of HPV vaccination to 
push its suggestions [22]. In the current research, it was 
established that almost half of all participants (46.4%) 
showed a neutral position, and only 31.8% provided a 
positive attitude, and 21.8% gave a negative attitude. The 
majority of the (78.7%) HCPs realized the relevance of the 
vaccine in the prevention of cervical cancer, (74.2%) were 
reluctant to recommend the vaccine, (71.4%) thought it was 
safe, and (70.0%) accepted it personally or on behalf of their 
children. The majority (78.7%) of the respondents noted 
that the vaccine is critical in the prevention of cervical 
cancer. Nevertheless, neutral answers were often provided 
w h e n  a s k e d  a b o u t  s u c h  m a i n  i s s u e s  a s  t h e 
recommendation of the vaccine to the patients, the belief 
in its e�cacy, and the readiness to be vaccinated or have 
the children vaccinated. This shows that it is not only 
knowledge that leads to strong positive attitudes or 
proactive behaviors. In the Chinese study, the largest 
proportion of respondents had a positive attitude towards 
H P V  va c c i n a t i o n  by  h e a l t h  c a r e  p r o fe ss i o n a l s . 
Approximately 95 percent of the healthcare providers had 
advised their patients to receive HPV vaccination; some of 
them were not prepared because of its unknown side 
effects [14]. An overview of 65 studies found that there was 
a general belief that healthcare providers recommended 
HPV vaccination, but that they encountered barriers to 
their recommendations, including parental concerns 
regarding vaccine safety, e�cacy of the vaccine, and 
affordability [22]. This has also been noted in other 
research, with the physicians being more con�dent about 
the vaccine compared to other healthcare workers. 
However, even the intent to prescribe or personally accept 
vaccination was low among doctors, indicating the 
presence of barriers to it, including cost, cultural, and 

patient misconceptions [7, 8]. A Kazakh research study 
found that 72.6% of HCPs were positive in recommending 
the HPV vaccine. The rate of recommendation of the HPV 
vaccine was greater among people who had heard about 
HPV and its vaccine, as well as those with a positive attitude 
toward the COVID-19 vaccine. Besides, HCPs highlighted 
signi�cant obstacles to introducing HPV vaccination to the 
population, similarly, concerns about the safety, its 
e�cacy, its negative impact on health, and the ignorance 
of HCPs [18]. The researcher established a statistically 

2χsigni�cant relation between profession and knowledge (  = 
26.70, df = 6, p=0.001) and categories of attitudes among 

2χHCPs (  = 22.90, df = 6, p=0.001). The physicians exhibit 
better understanding and a positive mindset than the 
nurses and other healthcare providers. Past results 
showed these differences between physicians and nurses. 
A study in Pakistan reported that 96.5% of doctors had 
good knowledge compared to 77.4% of nurses and 81.6% of 
other healthcare staff [15]. Likewise, a Greek study 
discovered that 80.3% of doctors had good knowledge of 
HPV, but most of them had not been vaccinated 
themselves. Approximately 60 percent of the physicians 
and 35% of nurses were aware of HPV and its vaccine [23]. 
The survey of 1,189 healthcare workers in Kazakhstan 
showed that the level of knowledge among physicians was 
better than among nurses (66.5% vs. 44.1%), and 72.6% 
were willing to recommend vaccination [18].  The other 
observation was that physicians were found to be well 
informed (67.2%) and positive (90.9%) about attitudes, but 
only to prescribe the vaccine (37.5%). Cost, absence of 
time, and low patient awareness were the primary 
obstacles [7]. Only 42% of the gynecologists and 57% of the 
family physicians possessed the appropriate knowledge in 
Poland [24]. In the same way, a Turkish study indicated that 
physicians scored higher on the knowledge test than 
nurses, though there was still a gap in both scores [25].
This study was limited by its cross-sectional design, use of 
purposive sampling, and reliance on self-reported data, 
which may restrict causal inference and generalizability 
beyond tertiary care settings. Additionally, attitudes and 
practices may be in�uenced by social desirability bias. 
Future studies should employ longitudinal or mixed method 
designs with probability sampling across diverse 
healthcare settings to better explore determinants of 
knowledge and attitudes.  Targeted educational 
interventions should also be evaluated to assess their 
effectiveness in improving healthcare professionals' 
advocacy for HPV vaccination.
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C O N C L U S I O N S

This study revealed that healthcare professionals possess 
a moderate level of knowledge and neutral attitude towards 
HPV vaccine. Doctors showed comparatively higher 
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awareness and a more positive outlook than nurses, 
pharmacists, and technicians. To address these gaps, it is 
recommended to conduct regular training sessions and 
workshops, integrate HPV and cervical cancer prevention 
into medical, nursing, and allied health curricula, and 
promote hospital-based awareness campaigns. National 
policies should also ensure vaccine accessibility and 
affordability. Further research is needed to identify 
barriers in�uencing healthcare professionals' attitudes 
and to assess the effectiveness of  educational 
interventions in enhancing their knowledge and advocacy 
for HPV vaccination.
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Quality of Life among Women with Pelvic Organ Prolapses After Postpartum

1* 1 1 1 1 1 1Aneeqa Aqdas , Mahnoor Alam , Nimra Rehman , Areeba Ahsan Qadri , Rimsha Tariq , Fatima Mazhar , Erum Ghaffar ,
1 1 1Maria Samad , Uzma Irshad  and Barjees Ahmad

¹Faculty of Allied Health Sciences, Hajvery University, Lahore, Pakistan

improvement in health [4]. The situation is further 

aggravated by the fact that the condition is more common 

in the low-income areas with restricted access to 

healthcare services, including gynecological surgeries [5]. 

As much as the current body of research progressively 

increases on the prevalence of POP and its effects on the 

quality of life, little is known regarding the effects that the 

condition has on the postpartum period, a period that is 

already fraught with a lot of emotional and physical 

transformations in women [6, 7]. Symptoms of prolapse at 

early stages, often beginning after delivery, have not been 

given much attention, and the literature is predominantly 

dedicated to general female groups or to the cases of the 

Pelvic Organ Prolapse (POP) is a common problem, as 

weakened pelvic support results in dropper organs such as 

the bladder or uterus, which can cause the effect of 

bladder, bowel, and sexual problems [1, 2]. It is largely 

associated with giving birth, aging, obesity, and hard work. 

POP has a strong impact on the quality of life of women, yet 

it is usually underdiagnosed because of its stigma and 

inconsistent symptoms, as well as lack of adequate care 

access, particularly in low-resource environments. 

Physiotherapy or pessaries can be used in the management 

of cases at an early stage [3]. The knowledge of the POP 

effects and especially among the postpartum women, will 

play a crucial role in quick intervention and subsequent 

I N T R O D U C T I O N

Pelvic organ prolapse (POP) is the dropping of the pelvic organs as a result of the inability to hold 

them through weakness, especially in the aftermath of childbirth, which causes physical and 

emotional problems. Objectives: To evaluate the prevalence of POP and its effects on the 

quality of life (QoL) of postpartum women by administering the P-QOL questionnaire. Purposes: 

To establish the QoL of postpartum women who have pelvic organ prolapse. Methods: The study 

was a three-month cross-sectional study to gather information on various hospitals within 

Lahore. In the present study, 377 postpartum women (20 to 45 years old) in the public hospitals 

were evaluated by the P-QoL questionnaire, but they were not included whose prior POP 

treatment or were still pregnant. Results: The researchers established that 96.3 percent of 377 

women experienced severe symptoms of POP, with the moderate-to-high performance scores 

consistent, and only half of them made it to the standardized analysis. Conclusions: The fact 

that severe POP symptoms occur in the majority of cases (96.3%), and moderate-to-high 

performance consistency highlights the fact that there is a strong necessity to enhance data 

inclusion and speci�c interventions.
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latter stage of prolapse [8, 9]. Moreover, the limited studies 

of postpartum POP that are presently available are more 

likely to underestimate its manifold effects on daily 

functioning, psychology, and physical recovery. Moreover, 

the perspectives of physiotherapy are not fully included, 

particularly in the assessment of the impact of dysfunction 

of the pelvic �oor on postpartum quality of life. Therefore, 

the postpartum population remains underrepresented in 

care paradigms and clinical research [10]. 

Pelvic organ prolapse (POP) is a prevalent condition among 

postpartum women, causing signi�cant physical, 

emotional, and psychosocial challenges that negatively 

impact quality of life. Despite its high occurrence, 

particularly in low-resource settings, POP remains 

underdiagnosed due to cultural stigma, low awareness, and 

limited postpartum screening and rehabilitation services. 

Most existing research focuses on general female 

populations or advanced stages of POP, leaving the 

postpartum population underrepresented and the early 

effects of POP on daily functioning, mental health, and 

physical recovery largely unexplored. This study aims to 

evaluate the prevalence of POP among multiparous 

postpartum women and examine its impact on quality of 

life using the P-QoL questionnaire, thereby highlighting the 

need for enhanced postpartum screening, targeted 

interventions, and physiotherapy integration.

available, and this proportion maximizes the required 
sample size for a given margin of error. With a 95% 
con�dence level and a 5% margin of error, the calculated 
minimum sample size was 377 participants. The target 
population was women aged 20-45 after postpartum. 
Inclusion criteria included women aged 20–45 years, who 
had delivered within the postpartum period (up to 6 months 
after childbirth), multiparous (having had two or more 
deliveries) women were included, as repeated childbirth is 
a known risk factor for pelvic organ prolapse, and women 
with the ability to understand and complete the P-QoL 
questionnaire (self-administered or interview-assisted). 
Exclusion criteria were primiparous women (�rst delivery) 
to ensure focus on multiparity-related risk factors, women 
with ongoing pregnancy or multifetal gestation, women 
with a history of prior pelvic organ prolapse treatment, 
pelvic �oor reconstructive surgery, or hysterectomy, 
women diagnosed with neurological, systemic, or cognitive 
impairments that could interfere with questionnaire 
completion, women with a history of perinatal death, 
chronic illnesses, or mental health disorders and women 
currently undergoing pelvic �oor physiotherapy or 
conser vative management for prolapse. Eligible 
participants were informed about the study and asked to 
sign an informed consent form. P-QoL questionnaire was 
given either as a self-administered or an interview using 
Urdu (translated when necessary). The Prolapse Quality of 
Life (P-QoL) Questionnaire was a validated instrument that 
was employed to determine the effect of pelvic organ 
prolapse. A strict forward and backward translation was 
carried out into the Urdu language to be used in this study. 
First, forward translation was done by two bilinguals who 
are independent. The translated versions were then 
harmonized into one draft by a committee of health care 
professionals and linguists. This was then back-translated 
to English by two other translators who were not told what 
the original instrument was. The back-translated one was 
put against the original to verify conceptual, semantic, and 
content equivalency. The last Urdu version was pilot-tested 
by a group of 20 postpartum women (not included in the 
main study), to ensure that there were comprehension and 
cultural appropriateness, and understanding. The analysis 
of data was based on version SPSS version 23.0. 
Demographic and clinical variables were summarized using 
descriptive statistics (mean, standard deviation, 
frequencies, and percentages). The prevalence was 
determined as the percentage of women who had POP 
symptoms. Inferential statistics was used to enhance the 
analytical scope to go beyond description. The Chi-square 
test was applied to determine the connection between 
categorical variables, including age groups, and the 
severity of POP impact on QoL. The p-value was taken to be 
signi�cant at less than 0.05.

M E T H O D S

The cross-sectional research design was used to identify 
the prevalence and related variables of pelvic organ 
prolapse at a given time. This design, however, was 
restrictive by nature in developing causal relationships 
between identi�ed risk factors and the condition. The data 
was gathered by various hospitals in Lahore. This would be 
a three-month (July 2025 to September 2025) study period, 
which included ethical clearance of the Hajvery University 
with ref no: HU/FAHS/ECRB/2461, recruitment of the study 
participants, and data collection through the use of the P-
QoL questionnaire, data analysis, and compiling of the 
report. A simple random sampling strategy was undertaken 
so that all eligible people in the sampling frame got an equal 
opportunity of being selected. The study sample 
comprised all multiparous postpartum women (20-45, up 
to 6 months after delivery) attending the gynecology 
Outpatient Departments of the study hospitals in Lahore 
within the four months of the study. Potential participants 
were assigned sequential numbers, and a computer-based 
random number generator was used to select the required 
377 participants from this complete list. The sample size 
was calculated using the Raosoft Sample Size Calculator. 
For the calculation, an expected prevalence of pelvic organ 
prolapses of 50% was used, as no de�nitive local data was 
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Table 1: Severity Level of POP

Levels of symptom distress were uneven, as the results of 
the Pelvic Organ P-QOL questionnaire were found. The top 
complaints were bowel issues (10.3%), sexual discomfort 
(9.0%), and lower back pain with vaginal pain (8.2%). 
Common urinary symptoms included poor urinary stream 
(5.6%), straining to empty the bladder (5.8%), and urine 
dribbling (4.5%). Psychosocial impacts such as depression 
(1.1%), sleep disturbance (1.1%), and restricted social life 
(0.8%) were reported less frequently (Table 3).

Severity Level Frequency (%)

Moderate

Severe

Total

14 (3.7%)

363 (96.3%)

377 (100.0%)

The relationship between the age group and the extent to 
which POP affects the QoL was evaluated statistically. A 
Chi-square test of independence showed that there was a 

χsigni�cant relationship between these variables, ² (12, 
n=377) = 45.8, p<0.001. The highest percentage (31.6%) of 
women who were severely affected were in the age group 
3640 years old, stating they experienced the highest 
impact (Table 2). 

Table 2: Age and Severity of Respondents Affecting QoL

Age Group (Years) Frequency (%) Severity of Impact

20–25

26–30

31–35

36–40

41–45

Total

50 (13.3%)

70 (18.5%)

80 (21.3%)

118 (31.6%)

59 (15.3%)

377 (100.0%)

Mildly Affected

A Lot Affected

Moderately Affected

Severely Affected

Little Affected

— 

Table 3: Distribution of P-QOL Domain Scores

Symptom/
Domain, n (%)Variables

Bowels Do Not Feel Empty

Vaginal Bulge Interfering with Sex

Lower Backache with Vaginal Discomfort

39 (10.3%)

34 (9.0%)

31 (8.2%)

Straining to Open Bowels

Constipation

Straining To Empty Bladder

Poor Urinary Stream

Urine Dribbles After Emptying

Other Minor Symptoms

Total

27 (7.2%)

26 (6.9%)

22 (5.8%)

21 (5.6%)

17 (4.5%)

<4% Each

377 (100.0%)

Out of 377 participants, 118 women (31.6%) reported being 
severely affected, 80 (21.3%) were a lot affected, 70 (18.5%) 
were moderately affected, and 59 (15.3%) were a little 
affected. For the analysis of the overall quality of life 
impact, data from 50 participants (13.3%) were excluded. 
This exclusion was necessary because these participants 
did not complete critical  sections of the P-QOL 
questionnaire, speci�cally one or more domains required 
to compute a valid total QOL impact score (Figure 1).

Figure 1: Quality of Life Affected by POP

D I S C U S S I O N

The present study �nds that the prevalence of pelvic organ 
prolapse (POP) is very high among postpartum women in 
Pakistan, with the majority having moderate to severe 
symptoms and a serious quality of life impairment, 
particularly in particular, physical and emotional well-
being. The majority was middle-aged, and care-seeking 
was low due to stigma and lack of awareness. Compared to 
global data, the burden is higher in low-resource settings 
due to limited screening and postpartum support. While 
pelvic �oor exercises have proven effective elsewhere, few 
women in this study practiced them, highlighting the need 
for greater physiotherapy integration and postpartum care 
improvements. Fourteen 3241-year-old women with parity 
13 attended, POP Grade 13. The reports of women being 
dismissive or not being appreciative of the effect of their 
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R E S U L T S

The number of women enrolled in the study was 377, who 
developed pelvic organ prolapse (POP). All the 50 
participants excluded in the �nal analysis were those 
whose responses to the questionnaire were incomplete, 
and therefore, 327 valid cases were used to conduct the 
statistical analysis (86.7%). During clinical examination, the 
severity of POP was determined using the standardized 
system of Pelvic Organ Prolapse Quanti�cation (POP-Q). 
This system marks prolapse centimeters of the descent of 
the hymen relative to the pelvic organs between 0 and 4. To 
make this analysis, some stages were grouped as follows: 
Stage 0-II was categorized as 'Moderate', and Stage III-IV 
was categorized as 'Severe (Table 1).
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c o n d i t i o n  w e r e  h i g h .  O t h e r  r e p o r t s  i n v o l v e d 
communication with the HCPs who they believed were 
listening, understood the impact of their POP, positive 
diagnoses, and realistic treatment procedures [11]. 
Previous �ndings indicate the need to carry out larger 
epidemiological studies on the potential adverse 
reproductive health effects of heavy load-bearing 
exercises on third-world females [12]. Prevalence was 30.9 
percent (95 percent con�dence interval: 24.4-38.2 
percent), (heterogeneity 12=99.8 percent). The meta-
analysis of subgroups in the studies delivered the 
questionnaire to assess the prevalence rate and found that 
the prevalence was 25.0% and the physical examination 
was 41.8% [13]. One of the studies demonstrated the 
possibility of a pessary to positively in�uence the quality of 
life of women and the opportunity to considerably improve 
the sexual functioning and body perception [14]. High rates 
of LAM avulsion were detected in Chinese women with a 
POP of 39%. It was associated with an elevated level of POP, 
and these women were more handicapped in QoL. 
However, LAM avulsion was not an independent issue that 
in�uenced the QoL of such women [15]. POP also affects 
women, and the majority of them who visit the gynecology 
clinic in MRRH have the disease in stage II. POP is advised to 
be regularly screened to enable the detection and 
preventive action to be taken, especially with grand 
multiparous, peasant farmers, and people who have a 
history of perineal tears [16]. This was analyzed in 1426 
women. There was a 4.9% prevalence of POP. POP was 
signi�cantly related to the parity [17]. High rates of 
prevalence of depression in women with advanced 
prolapse of the pelvic organs were also reported by a study 
in comparison to the rest of the studies. The screening 
measures to  be employed in  the detection and 
management of depression in women who have advanced 
prolapse of the pelvic organs should be formulated to help 
identify the condition at its early stages [18]. A shared 
aetiology of both POP and other disorders that are related 
to collagen may occur at the molecular level of the 
collagens [19]. The awareness of the complexity of the 
etiology, epidemiology, and management of POP is 
signi�cant in minimizing its burden and maximizing the 
health and well-being of the populations affected [20].
The cross-sectional design of the study limits causal and 
temporal inferences between potential risk factors and 
pelvic organ prolapse (POP), while cultural taboos, 
embarrassment, and low awareness may contribute to 
underreporting of symptoms and affect prevalence 
accuracy. Additionally, delayed postpartum data collection 
may introduce recall bias, and limited pelvic �oor 
rehabilitation services with inconsistent postpartum 
screening can hinder accurate identi�cation of POP. 
Future research should standardize pelvic �oor 

C O N C L U S I O N S

This research concluded that the fact that severe POP 
symptoms (96.3%) were high and consistent performance 
moderate-high should prompt the need to improve data 
collection and speci�c interventions. A study that gauges 
the incidence of depression and anxiety among 
postpartum women with POP should be conducted. 
Research needs to be conducted in the future to address 
women lived experiences, cultural beliefs, and barriers to 
care using the qualitative method.
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the outer layer of oil on the skin, removing skin bacteria too, 

and their use is an important way to break bacterial 

transmission [2]. Currently, different types of hand 

sanitizers, cleansers, or disinfectants are available on the 

market in various forms, such as gels, quick-drying 

materials, foams, and wipes, which are sometimes mixed 

with moisturizing lotion. These sanitizers can be generally 

divided into alcohol-based (ABHS) and non-alcohol-based 

formulations, which comprise chemical antiseptics and 

Hands are the primary mode of transmission of microbes 

and infections. Hand hygiene is therefore the most 

important measure to avoid the transmission of harmful 

germs and prevent infections. Hand hygiene is the single 

most important, simplest, and least expensive means of 

preventing nosocomial infection [1]. The microbes may be 

removed through washing practices and are largely 

recommended by the use of hand sanitizers. Hand 

sanitizers are well-adapted to the skin, work by stripping 

I N T R O D U C T I O N

Hand hygiene plays a vital role in reducing the transmission of infectious diseases, principally in 

occupations involving the regular handling of contaminated objects, such as currency notes. 

Objectives: To estimate the effectiveness of three classes of hand sanitizers, including 

commercial non-alcoholic, alcoholic, and lab-prepared herbal formulations, for reducing 

microbial growth from the hands of bank cashiers in Lahore. Methods: This experimental study 

evaluated 32 cashiers aged 25–40 years for sanitizer e�cacy. Samples were gathered from both 

hands before sanitizer application, after 25 seconds, mid-sampling 1 minute, and post-sampling 

after 1 hour. Results: The �ndings veri�ed clear modi�cations among sanitizer types. Alcoholic 

sanitizers, mainly containing ethanol or isopropyl alcohol, were the most effective, attaining up 

to an 87% decrease in CFU count. In some alcoholic sanitizers, inhibition was 99.9%. Lab-

prepared herbal sanitizers, including constituents such as aloe vera, neem, alum, and basil, 

reduced bacterial growth by up to 61%. The non-alcoholic sanitizers have also shown activity 

against bacterial growth and reduced CFU by up to 48%. The bacteria isolated by biochemical 

isolation were Staphylococcus aureus and Escherichia coli. A two-way ANOVA with a post-hoc 

Tukey's test revealed signi�cant decreases in CFU (colony-forming units) at p<0.0001 among all 

categories and proved alcoholic sanitizers to be the strongest antimicrobial agents. 

Conclusions: This result shows that alcoholic hand sanitizers are highly effective against hand-

borne microbes in a real-life bank environment, suggesting their use as an integral component 

of hand hygiene interventions for cashiers.
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plant-based herbal preparations. Generally, hand 

sanitizers are available as alcohol and non-alcohol-based 

cleansers, and their use in liquid, foam, gel, and cosmetic 

forms is common [3]. Of the 62% alcohol-based 

disinfectants commonly in use, most of them contain 60 to 

85% alcohol. Among alcoholic sanitizers, ethyl alcohol and 

isopropyl alcohol are the common active ingredients, while 

propylene glycol, glycerin, and polyacrylic acid are some 

inactive ingredients. One of the most important 

transmission vectors in society is infected currency. 

Banknotes can harbor and transmit pathogens, including 

multidrug-resistant bacteria such as Staphylococcus 

aureus and Escherichia coli [4]. The group of occupations 

with a high risk of contracting and spreading infections in 

this way includes bank cashiers, who handle hundreds of 

notes every day. Effective hand hygiene is, therefore, an 

important occupational health measure for this population 

[5]. The COVID-19 epidemic led to an unprecedented 

reliance on alcohol-based hand sanitizers (ABHS) [6, 7]. 

However, concerns such as skin irritation, dryness, and the 

emergence of alcohol-resistant strains have necessitated 

the use of alternate sanitizers [8]. This has led to a desire to 

utilize not just chemical non-alcoholic sanitizers (e.g., 

chlorhexidine or benzalkonium chloride), but also natural 

herbal treatments comprising antibacterial plant extracts 

such as neem, aloe vera, and basil. Although the 

effectiveness of ABHS is widely documented, there is a lack 

of direct comparisons of herbal and chemical non-

alcoholic sanitizer performance and practicality in a high-

risk, real-world setting such as a bank [9, 10]. Different 

types of delivery systems are also formulated, for instance, 

rubs, foams, or wipes [11]. This study hypothesized that, 

although chemical non-alcoholic sanitizers would be 

signi�cantly effective, some herbal sanitizers prepared in 

the laboratory would have similar antimicrobial potential, 

providing a feasible and skin-friendly choice for regular use 

in this workplace setting. 

The frequent handling of contaminated objects, 

particularly currency notes, places bank cashiers at high 

risk of microbial transmission, including pathogens like 

Staphylococcus aureus and Escherichia coli, highlighting 

the critical need for effective hand hygiene measures. 

While alcohol-based hand sanitizers are widely recognized 

for their rapid antimicrobial action, concerns such as skin 

irritation, dryness, and limited residual e�cacy emphasize 

the need for alternative options. Existing studies provide 

limited comparative data on the effectiveness of herbal 

and chemical non-alcoholic sanitizers in real-world, high-

risk occupational settings. Therefore, this study aimed to 

evaluate and compare the e�cacy of alcoholic, non-

alcoholic chemical, and lab-prepared herbal hand 

sanitizers in reducing microbial load on the hands of bank 

cashiers, addressing the gap in evidence for practical, skin-

friendly, and effective hand hygiene alternatives in 

everyday workplace environments.

M E T H O D S

The materials used in the experiment include different 
commercialized alcoholic hand sanitizers, namely Bkovit, 
Lifebuoy, Handzer Safex, Anvil by adore, Handzer, Anzo, 
Antizer, E.P.C Hand Sanitizer Gel, Me�i Cool & Cool, Dentox, 
and different non-alcoholic hand sanitizers, namely 
Germitoll, Hi-clean, and some conventional antibiotics and 
pharmaceutical medicines (Zeecin Azithromycin U.S.P., 
Saftin,  GSK, Tineazol,  Fortum, Augmentin)  were 
additionally included in the testing protocol to offer a more 
comprehensive comparison analysis of antimicrobial 
e�cacy. Plant extracts, namely Neem leaves extract 
Azadirachta indica, Fresh Aloe vera extracts, Basil leaves 
extract Ocimum basilicum, Camphor, Pink and white alum. 
The laboratory equipment was Himedia nutrient agar, 
Himedia blood agar, Himedia MacConkey agar, Himedia 
nutrient broth, aluminum foil, and an incubator set at 37 
degrees Celsius. The composition of alcohol sanitizers and 
non-alcoholic sanitizers was prepared in lab sanitizers 
(Table 1).

Table 1: Chemical Composition of Different Alcoholic Sanitizers 
and Non-Alcoholic Sanitizers

Sr. No. Brand Name Chemical Compositions

1 Bkovit
Alcohol 80%, Glycerol 1.45%, Hydrogen

peroxide 0.125%

2 Lifebuoy

Alcohol, water, glycerin, acrylates, alkyl
acrylate cross polymer, triethanolamine,
perfume, panthenol, Lonicera japonica
�ower extract, Alpha-isomethyl ionone,

benzyl salicylate, citronellol, Hexylcinnamal,
Limonene, linalool

3 SafEx
Alcohol hand rub, alkoholisches, Handedes
in fektonsmittel Gel hydroalcoolique pour

la disinfection des mains

4 Handzer Active ingredients: Isopropyl alcohol 75%

5 Anvil by adore Demineralized water, Carbomer, ethyl alcohol,
Vitamin E, PPG, Perfume, Triethanolamine

6 Anzo IPA 65-75%, alcohol 71-80%

7 Antizer
Ethyl alcohol 80%, Glycerol 1.45%,

Hydrogen peroxide 0.125%

8
E.P.C Hand

Sanitizer Gel
Ethanol 80%, Glycerol 1.45%,

Hydrogen peroxide 0.125%

9
Me�i Cool and

Cool

Aqua, Glycerine, Propylene Glycol, Alcohol,
Carbopol, Ultrez, De- De-Panthenol, Aloe

Vera Gel, Fragrance

10
Zeecin

Azithromycin
U. S. P

Ethanol 80%, Hydrogen peroxide 0.125%,
Glycerol 1.45%

11 Dentox
Alcohol Denat, Aquawater, Propylene Glycol,

Perfume Fragrance, Linalool

Alcohol Sanitizers 

The composition of non-alcoholic sanitizers was prepared 
in lab sanitizers (Table 2).
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The experimental study was conducted to assess the 
effectiveness of different hand sanitizers by collecting 
samples from participants before and after sanitizer 
application. This study was designed for the comparison of 
different hand sanitizers and hand cleaning of bank 
cashiers, and the results are described in descriptive and 
inferential ways. The study followed ethical guidelines. The 
experimental work was carried out at the Conservation 
Biology Lab, Institute of Zoology, University of the Punjab, 
Lahore, and the samples were collected from the different 
banks of Lahore. Working days of banks are Monday to 
Friday, and mostly selected banks have 3 to 4 cashiers (32 
cashiers in total). This study employed an intensive, 
repeated-measures design where each participant 
provided multiple samples (pre-, mid-, and post-
application), generating a robust dataset for statistical 
analysis. The sample size of 32 participants was primarily 
determined by feasibility and the targeted recruitment 
from a speci�c high-risk occupational group. The study 
was conducted from 8 March to 22 June 2022. The 
participants were included voluntarily, and their consent 
was taken. These participants were provided with brief 
details of the research study and its wider implications on 
society. A total of 32 cashiers (24 male, between the age 

ranges of 25-40, and 8 females, between the age ranges of 
25-30) were tested with different hand sanitizers from 
randomly selected banks. To ensure an impartial 
distribution, participants were randomly assigned to one of 
three sanitizer test groups using a random selection 
technique. The working hours of most participants were 8-
10 hours per day, and they washed their hands after 1-2 
hours during work. Mostly, participants wash their hands 
early in the morning when they come from home and during 
work hours when they go to the washroom or eat something 
with soap. The samples were taken in three steps, and the 
amount of sanitizer used was 3ml as per the WHO standard 
2019 [12]. The samples were taken on nutrient agar plates. 
For every sanitizer, control sampling was also done. First of 
all, the pre-readings were taken of bank cashiers before 
sanitizing both their hands. Then three types of sanitizers 
were taken: alcoholic, non-alcoholic, and herbal. In the �rst 
group, the alcoholic sanitizers were applied on both hands, 
and after 25 seconds, and then after 1 minute, for pre- and 
mid samples were taken. Then, after 1 hour, post samples 
were taken. In one second, group, the non-alcoholic 
sanitizers were applied on both hands, and after 25 
seconds, and then 1 minute, pre- and mid samples were 
taken. Then, after 1 hour, post samples were taken. In one 
third group, the herbal sanitizers were applied after 25 
seconds, and then after 1 minute, for pre- and mid samples 
were taken. Then, after 1 hour, post samples were taken. 
Then sample plates were incubated for 24 hours at 37°C. 
After this, the morphological characteristics of bacteria 
were identi�ed on solid media, and at the end, the Colony 
count [13]. Then, blood agar was used to differentiate 
bacteria based on their hemolytic properties, and 
MacConkey agar was used to isolate the Gram-negative 
bacteria and differentiate them based on lactose 
fermentation. Petri plates were packed with the help of 
tape and covered them by using aluminum foil. After the 
packaging of Petri plates, these plates were taken to the 
Bank for sample collection. The pre-samples of bank 
cashiers were taken before sanitizing their hands. They 
were divided into three groups. The hands of the �rst group 
were sanitized with alcoholic sanitizers and the hands of 
the second group were sanitized with non-alcoholic 
sanitizers, and the hands of the third group were sanitized 
with herbal sanitizers. After 25 seconds, the mid samples 
were taken of all groups by applying their hands on Petri 
dishes, and after 1 hour, the post samples were taken of all 
groups by applying their hands on Petri dishes. The data 
were analyzed by counting the bacterial colonies from Petri 
plates after incubation [24]. The statistical analysis was 
done using OriginPro2022. The number of bacterial 
colonies (CFU) was log-transformed, and normality and 
homogeneity of standard errors were veri�ed by the 
Shapiro-Wilk and Levene tests, respectively. All the 

Table 3: Composition of Lab-Prepared Sanitizers

Sr. No. Sanitizer Name Standardized Composition and Preparation

Isopropyl Alcohol (20% v/v), Aloe Vera Gel
(60% v/v), Lemon Oil (1.5% v/v), Eucalyptus
and Lavender Oils (0.2% v/v). Prepared by

mixing.

Aqueous extract from Neem leaves (40g/
250ml), Aloe Vera pulp (24% v/v), Basil leaves

 (10 leaves/250ml), Camphor (2% w/v), Pink
and White Alum (2% w/v each). The aqueous
extract was boiled, �ltered, and mixed with

other components.

Camphor (3.8% w/v) in distilled water,
with essential oil (0.4% v/v). Prepared

by dissolution and mixing.

Pink Alum (2% w/v) in distilled water.
Prepared by dissolution.

1

2

3

4

Lemon Oil
Sanitizer

Herbal
Sanitizer

Camphor
Sanitizer

Pink Alum
Sanitizer
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Table 2: Chemical Composition of Different Non-Alcoholic 
Sanitizers

Sr. No. Brand Name Chemical Compositions

Loratadine 10mg Tablets and 5mg Syrup with
Compliments

Active ingredients: Germitol Chloride 0.1%

Compliments

Iron polymaltose, Folic acid

Ceftazidime

Co-amoxiclav

Cationic surfactant, Nonionic surfactant,
Amphoteric Surfactant, Polybiguanide

Saftin

Germitoll

GSK

Tineazol

Fortum

Augmentin

Hi-clean

1

2

3

4

5

6

7

Hand-made sanitizers were prepared in lab sanitizers 
(Table 3).
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(A) Lifebuoy (94.2% ± 0.1%), Me�i Cool and Cool (86.4% ± 
16.1%), Antizer (83.9% ± 12.5%), Handzer (80.3% ± 22.6%), 
and E.P.C Gel (74.0% ± 19.7%) are the most effective groups, 
according to the post-hoc analysis (Fig. 3a). (B) Despite 
variations, alcoholic sanitizers resulted in a highly 
signi�cant decrease in the overall bacterial load (p<0.0001). 
(B) The sanitizers had a signi�cant main effect on the right 
hand (F (10,66) = 16296, p=0.0001) and the left hand (F (10,66) 
= 13770, p=0.0001), according to the two-way ANOVA. 
Additionally, both hands showed a highly signi�cant 
difference in application time (before vs. after) (Right: F 
(2,66) = 9308, p<0.0001; Left: F (2,66) = 2949, p<0.0001). 
(Figure 1). 

comparisons, such as the overall e�cacy of the three types 
of sanitizers (alcoholic, non-alcoholic, and herbal), were 
done with two-way Analysis of Variance (ANOVA). The 
comparison between right and left hands was done with 
ANOVA, and the post-hoc Tukey's (HSD) was used for 
pairwise comparison. A p-value of less than 0.0001 was 
considered statistically signi�cant.

pre-application (baseline), mid-application, and post-
application (1 hour) time points for each product (Figure 2). 

Figure 1: (A) The E�cacy of Different Alcoholic Hand and (B) 
Sanitizers on Participants 

Changes in bacterial load on the (A) right hand and (B) left 
hand, following application of various alcoholic hand 
sanitizers. The graph depicts Colony Forming Units (CFU) at 
pre-application (baseline), mid-application, and post-
application (1 hour) time points for each product. The 
e�cacy of alcoholic sanitizers followed a distinct temporal 
pattern: a sharp, signi�cant reduction in bacterial colonies 
at the mid-application point (25 seconds) was observed for 
most products, con�rming their rapid antimicrobial action. 
However, this was followed by notable bacterial regrowth 
on many hands at the post-application point (1 hour), 
indicating limited residual e�cacy. Changes in bacterial 
load on the (C) right hand and (D) left-hand following 
application of various non-alcoholic hand sanitizers. The 
graph depicts Colony Forming Units (CFU) at pre-
application (baseline), mid-application, and post-
application (1 hour) time points for each product. Changes 
in bacterial load (E) on the right hand and (F) left hand 
following application of various lab-prepared hand 
sanitizers. The graph depicts Colony Forming Units (CFU) at 

Figure 2: Bacterial Load in Alcoholic Hand Sanitizers (A, B), in 
Non-Alcoholic Hand Sanitizers (C, D), and in Lab-Prepared Hand 
Sanitizers (E, F)

A paired comparison plot with Tukey's test between the 
right and left hands of the participant before and after the 
utilization of alcoholic hand sanitizers. On the right and left 
hands, there was a signi�cant difference between the 
e�cacy of hand sanitizers before and after use. The 
p<0.001 are indicated with asterisks (*). The means and 
standard errors are depicted by bars for each treatment. 
The main effect was signi�cant in both product (Right: F 
(6,42) = 3084, p<0.001; Left: F (6,42) = 3084, p<0.001) and 
application time (Right: F (2,42) = 82502, p<0.001; Left: F 
(2,42) = 82502, p<0.001), according to the non-alcoholic 
analysis. The group made up of the pharmaceutical 
antibiotics Fortum (86.4% +16.1) and Tineazol (95.1% +1.8) 
and the antiseptic Hi-Clean (95.2% +1.8) showed 
statistically better, high, and consistent e�cacy (Fig. 5a). 
In the right hand, augmentin's e�cacy was likewise high 
(99.3% decrease), but the left hand's initial con�uent 
development made the result impossible to measure. 
Saftin, on the other hand, demonstrated signi�cantly lower 
e�ciency (56.4% ± 12.4%). Following the treatment, the 
bacterial load was observed to have signi�cantly 
decreased (p<0.001). Non-alcoholic agents showed a sharp 
initial reduction at mid-sampling, but their e�cacy 
diverged signi�cantly at post-sampling, with Hi-clean and 
the antibiotics Tineazol and Augmentin maintaining low 
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Figure 3: (A): Changes in Bacterial Load on the Right Hand and (B) 
on the Left-Hand Following Application of Various Non-Alcoholic 
Hand Sanitizers

The analysis of ten lab-prepared sanitizers revealed 
signi�cant main effects on formula and application time 
(p<0.0001 in all hands). The Pink Alum Sanitizer (93.0% ± 
8.7%) and Eucalyptus oil sanitizer (50.0% ± 23.6%) showed 
a high and consistent level of e�ciency, according to the 
WHO requirement (A). Following application, the category's 
overall  bacterial load reduction was found to be 
considerable (p<0.001) (B). The e�cacy of lab-prepared 
sanitizers was highly variable across time points: while 
Pink Alum and WHO formulations showed a sharp reduction 
at mid-sampling that was sustained at post-sampling, 
others, like Lavender Oil, showed increased growth at mid- 
and post-sampling compared to pre-application baselines 
(Figure 4). A paired comparison plot with Tukey's test 
between the participant's right and left hands before and 
after using alcoholic hand sanitizers. On the right and left 
hands, there was a signi�cant difference between the 
e�cacy of hand sanitizers before and after use. The p-
values (p<0.001) are indicated with asterisks (*).  The means 
and standard errors are depicted by bars for each 
treatment.

counts, while others like Saftin and Fortum showed 
substantial bacterial regrowth (Figure 3).

Figure 4: (A) The E�cacy of Different Lab-Made Hand Sanitizers 
on Participants, and (B) The Statistical Analysis of the E�cacy of 
Alcoholic Hand Sanitizers

Results after testing the effect of different types of hand 
sanitizers on bacterial colonies showed that Alcoholic 
sanitizers were the most potent, inhibiting the growth of all 
the bacteria, while Non-alcoholic sanitizers were found to 
be less effective on bacterial colonies (A). Lab-prepared 
sanitizers showed similar e�cacy to the alcoholic ones. 
Alcoholic sanitizers showed sensitivity against many 
bacteria with 87% e�cacy, non-alcoholic sanitizers 

Figure 5: (A) Three Categories of Hand Sanitizers and (B) A Paired 
Comparison Plot with Tukey's Test 

The main goal of this study was to evaluate the e�cacy of 
various hand sanitizers in controlling the growth of 
microbes on the hands of bank cashiers. Interestingly, the 
results showed distinct differences in the effectiveness of 
these sanitizers. According to the �ndings, all three 
sanitizers reveal contrasting effectiveness differences. 
The alcoholic sanitizers were the most effective solution in 
controlling the growth and reducing the bacterial colonies 
on the hands of bank cashiers. Our central �nding con�rms 
the superior performance of alcoholic formulations, with 
products like Lifebuoy and Me�i Cool and Cool achieving up 
to 99.9% bacterial reduction, and is supported by [15]. The 
signi�cant reduction in Colony Forming Units (CFUs) post-
application (p<0.0001) underscores their reliability for fast 
and effective hand hygiene in such environments. The 
effectiveness of alcoholic sanitizers was mainly due to the 
presence of active ingredients like ethanol and isopropyl 
alcohol that have proven antimicrobial properties [16-18]. 
Alcohol disintegrates the cell membrane in a cell and 
denatures the protein, thereby effectively reducing the 
activity of the microorganism [19, 20]. Only due to which 
the alcoholic sanitizers were able to achieve a 99.9% kill 
rate for bacteria [21]. Researchers have already reviewed 
and demonstrated how effective alcohol-based sanitizers 
were in breaking the protein material in the cell wall of 
enveloped viruses like SARS-COV-2 [21]. These �ndings 
resonate with the previous studies that showed the 
superior e�cacy of alcoholic sanitizers in different 
scenarios, either healthcare or community usage [16, 22]. 
Although non-alcoholic sanitizers were effective to a 

D I S C U S S I O N
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showed 48% e�cacy, and lab-prepared sanitizers showed 
61% e�cacy. Their susceptibility to bacterial species is 
shown as Alcoholic Sanitizers > Lab-prepared Sanitizers > 
Non-alcoholic Sanitizers. On the right and left hands, there 
was a signi�cant difference between the e�cacy of hand 
sanitizers before and after use. A paired comparison plot 
with Tukey's test between the participant's right and left 
hands before and after using alcoholic hand sanitizers (B). 
The p-values (p<0.0001) are indicated with asterisks (*).  
The means and standard errors are depicted by bars for 
each treatment (Figure 5).
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c e r t a i n  ex te n t  b u t  n o t  p o te n t  e n o u g h,  a s  t h ey 
demonstrated lower e�cacy than their alcoholic 
counterparts. Among non-alcoholic sanitizers, Hi-Clean 
(95.2% ± 1.8%) showed the highest e�cacy and 
demonstrates that effective non-alcoholic chemical 
antiseptics do exist and can be highly effective when 
properly formulated [23]. The control of bacterial colonies 
was signi�cant but not as �ne as previously, which shows 
that further improvements can be made with the 
formulations. The divergent post-application e�cacy 
among non-alcoholic agents, where dedicated antiseptics 
like Hi-clean performed consistently while some 
antibiotics failed to sustain effect, highlights that initial 
microbial reduction does not guarantee residual 
protection and underscores the unsuitabil ity of 
pharmaceuticals for hand hygiene. The ingredients like Co-
amoxiclav and folic acid in the non-alcoholic sanitizers 
indicate the presence of anti-microbial properties [24]. 
However, we can conclude from their results that they are 
better suited for environments with a low risk of microbial 
transmission. Surprisingly, Lab-made herbal sanitizers 
exhibited a great range of potency towards microbial 
colonies, thereby decreasing their growth as compared to 
the alcoholic sanitizers. These solutions contain active 
ingredients of pink alum and eucalyptus oil, which were 
more effective in reducing bacterial count than non-
alcoholic sanitizers. According to WHO guidelines, 
statistical analysis revealed signi�cant main effects 
(p<0.0001) of the Pink Alum Sanitizer (93.0% ± 8.7%) due to 
its antimicrobial property of alum (potassium aluminum 
sulfate) [25], which is statistically comparable to the 
alcoholic sanitizers. Eucalyptus Oil Sanitizer showed a 
signi�cant reduction in bacterial growth in addition to its 
moderate e�cacy (50.0% ± 23.6%). The Aloe vera extracts 
have previously been studied to exhibit a great number of 
antimicrobial properties [26, 27]. The presence of Aloe 
vera and other oil derivatives in herbal sanitizers effectively 
eliminates bacteria as they are active compounds found in 
plants [28]. For instance, the neem contains an active 
compound called azadirachtin that has both antimicrobial 
and anti-fungal properties [29, 30]. They are biologically 
active materials but require greater exposure time to show 
their effectiveness. The volume of sanitizer used (mostly 3 
ml) and the time for sanitizer exposure also play a key role in 
killing these pathogens. Environmental factors like heat 
and humidity also disrupt the effective ability of sanitizers 
[15]. The inference from these �ndings is signi�cant as this 
study can control microbial infection in high-risk 
environments, such as banks, using the herbal sanitizers, 
too. According to the results, this study can conclude that 
the herbal sanitizers can be used as a viable alternative to 
the alcoholic derivatives, particularly for individual's 
sensitive to alcohol-based products. In the future, further 

development on its formulations, standardization, and 
quality assurance can lead to maximum usage in hospitals, 
clinics, and banks. The herbal sanitizers would be cost-
effective than the alcoholic sanitizers, too, due to which 
they will be more accessible to the general public than 
alcohol-based sanitizers. The purpose of this study was to 
provide a better option for hand hygiene. WHO has made 
guidelines on how to wash your hands properly and which 
are the best products to wash your hands [31]. After the 
2020 covid pandemic, the need for hand hygiene has 
increased. WHO provided a detailed, thorough analysis of 
which ingredients are best to kill these pathogens [11]. By 
following the WHO guidelines on hand hygiene [32], one can 
contribute further to herbal sanitizers [1]. The current 
study has proved the potency of our lab-prepared sanitizer. 
This study was conducted on a relatively small sample from 
a speci�c occupational group, which may limit the 
generalizability of the �ndings. The short follow-up period 
assessed immediate and one-hour effects only, preventing 
evaluation of long-term residual e�cacy. Variations in 
individual hand hygiene practices and environmental 
exposure could have in�uenced microbial regrowth. 
Additionally, the study focused on culturable bacteria, 
potentially overlooking non-culturable or viral pathogens. 
Further research and development can lead to improved 
hand hygiene practices, thereby reducing the ratio of 
transmission of viral diseases.  

C O N C L U S I O N S

According to this study, alcoholic hand sanitizers are the 
best at quickly reducing the microbial load on bank 
cashiers' hands. However, it also shows great potential in 
lab-prepared herbal sanitizers, where certain alum 
compositions are just as effective as some commercial 
ones. The �ndings support the continued use of alcohol-
based hand sanitizers as the primary approach to hand 
hygiene in high-risk environments. However, as the �eld 
advances, standardized herbal formulations will be 
accessible as practical alternatives for those who are 
sensitive to alcohol-based products or in areas where 
commercial sanitizers are di�cult to �nd. 
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