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ABSTRACT 

Objective: The use of multi-omics in investigating the changes in the oral microbiome in relation to xerostomia and assessing 

the molecular evidence of microbial dysbiosis.  

Methods: This is a prospective observational study that was carried out in a tertiary care teaching hospital Federal PGMI 

Lahore during the period of October 2023 to March 2024. One hundred and fifty adult subjects were recruited and there were 

xerostomics and non-xerostomics. The rate of unstimulated salivary flow was recorded at 24 h after recruitment and the saliva 

samples were collected in order to profile the microbiome. The metagenomic sequencing evaluated the microbial diversity and 

taxonomic composition whereas the targeted metabolomic and proteomic analyses verified the functional and inflammatory 

signatures. The clinical assessment and the salivary flow rate were used to draw a line between xerostomia and control groups. 

The correlation analysis and receiver operating characteristic (ROC) curves were used to study the associations between 

microbial diversity indices, key taxa abundance, and molecular markers. The p-value of 0.05 was regarded as statistically 

significant.  

Results: Patients with xerostomia had much lower microbial diversity and a specific change in oral compositions of 

microorganisms than did controls. Opponents and acidogenic bacteria were found in relatively high number in xerostomia 

compared to commensal taxa (p < 0.001). Integration of multi-omics demonstrated that there were increased levels of 

inflammatory metabolites and distorted salivary protein city in xerostomic people. Dysbiosis indices were found to correlate 

with low rates of salivary flow and the severity of the symptoms. Combined multi-omics signatures performed poorly when 

assessed using ROC analysis, with a value of 1.00 indicating good performance at 12.5724 and a sensitivity at 79.5 and 

specificity at 75.0 (P = 0.05) (Azvi et al., 2015).  

Conclusion: Xerostomia is connected to severe dental dysbiosis of microbiome in which taxonomic and functional changes 

exist. Multi-omics profiling offers a sound molecular platform on the interpretation of microbial variations relating to the 

disease and can be effective in predicting and managing early and specific xerostomia induced oral complications. More 

multicenter research should be conducted to confirm such biomarkers and determine their applications in clinical settings.  
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INTRODUCTION 

The oral cavity exemplifies a hostile biological ecosystem, in which host tissues commerce with immune mediators, saliva and inherent 

microbiota to uphold wellness of the mouth and the whole body. Aromatic imbalance of this balance, especially when salivary flow is 

lowered may lead to susceptibility to mucosal pathology, opportunistic infections and inflammation. Drug-induced, disease-associated 

and lifestyle-based Xerostomia changes the biochemical and antimicrobial salivary profiles, which reduces oral microenvironment and 

enhances predisposition to dysbiosis and mucosal damage [1-3].  

The buffering of acids, mechanical clearance as well as the provision of antimicrobial peptides, immunoglobulins and metabolic 

substrates are key functions of saliva used as a precursor defense against oral diseases. Changes in the salivary composition have been 

associated with oxidative stress, immune dysregulation as well as loss of the integrity of epithelia which affect the patterns of microbial 

colonization [4,5]. Oral pathological and studies on cancer awareness amongst South Asian people indicate that further salivary 

protective system weakening by persistent mucosal offenses, and environmental problems leads to increase in disease burden and load 

[6].  

Oxidative stress and pathways of inflammatory signaling have become directly recognized as master bridges between metabolic 

derangements and tissue pathophysiology. It has been shown by experimental studies that redox imbalance is one of the causes of 

epithelial injury, distorted cellular metabolism as well as activation of immune processes which also applies to the case of oral mucosal 

homeostasis [7-9]. Moreover, metabolic diseases, including diabetes, dyslipidemia as well as chronic liver diseases, have been identified 

to have effects on protein synthesis, albumin concentration as well as inflammatory mediators, which, in turn, are likely to mediate the 

effects on salivary composition and microbial activity [10-12].  

On the molecular level, the development of bioinformatics, transcriptomics, and epigenetic profiling have improved our knowledge of 

the interaction between hosts and microbes in various organ systems. It is well emphasized that translational studies, which find 

diagnostic and prognostic biomarkers are crucial in the integration of molecular data with clinical phenotypes [13,14]. These methods 

are specifically suitable in the case of oral diseases where the non-invasive sampling offers a chance to detect the disease earlier and 

stratify risks individually. additional lifestyle issues, such as food habits, contact with environmental insurances, and customary actions, 

also alter both oral and systemic inflammatory conditions.  

Pakistan based population-based research has shown excellent relationships between the lifestyle pattern, metabolic derangement, and 

risk of chronic diseases, highlighting the importance of considering oral health in the context of the overall systems [15-17]. Also, the 

nutritional deficiency and dysregulation of iron metabolism have been suspected of the mucosal susceptibility and immune impairment, 

supporting the interrelatedness of the metabolic and microbial regulation [18].  

The current research will set out to investigate biological and molecular changes in oral dysbiosis amongst xerostomic patients. Adopting 

a biochemical, inflammatory, and molecular approach, this research aims to add to the further comprehension of the disruption of the 

salivary ecosystem and the consequences on oral health, which may have an impact on non-invasive diagnosis and offers an opportunity 

to select the most effective therapeutic options. 

METHODOLOGY 

This prospective observational study was an attempt to find out the molecular changes and dysbiosis of the oral microbiome in 

xerostomic patients at a tertiary care hospital Federal PGMI Lahore within the period of October 2023 to March 2024. All participants 

gave informed consent and the institutional ethics review board gave its approval to the study.  

The inclusion criteria included participants who were older than 18 years and had been clinically referred to have xerostomia or non-

xerostomic controls. Those who had active oral infections or those who had taken antibiotics in the past four weeks, immunodeficiency 

disorders and those with severe systemic diseases were also locked out to reduce confounding factors. Consecutive sampling was used 

in recruiting 150 individuals who fit in the inclusion criteria. The sample size was estimated on the basis of the earlier researches that 
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had evaluated correlations among the oral microbiome diversity indices and clinical parameters, using the openEpi version 3.0.0 software 

(Atlanta, GA, USA) with 80% power of the study, 95% confidence interval and a 5% margin of error.  

Multi-omics analysis on all participants involved in the study was carried out an hour after unstimulated saliva was taken within 24 

hours of recruitment. The rate of salivary flow was rated and clinical trials on xerostomia severity were taken. To profile the oral 

microbiome, metagenomic sequencing was used and to determine functional and inflammatory signatures, targeted metabolomic and 

proteomic analyses were used. The xerostomic and control groups were divided into participants on the basis of clinical assessment and 

salivary flow rate threshold. Multi-omics integration  

Data integration was performed using SPSS version 26.0 (IBM Corp., Armonk, NY, USA) and using the R software. Mean was used to 

show the quantitative variable with standard deviation (SD ) and frequencies and percentages were used to show the categorical 

variables. Independent sample t-tests were conducted to compare groups whose variables were continuous and Chi-square tests were 

used to compare groups whose variables are categorical. The correlation coefficient (r) of Pearson was utilized to evaluate the correlation 

between the parameters of microbial diversity indices and the abundance of key taxa with clinical variables, including salivary flow rate 

and the degree of xerostomia. Multi-omics signature diagnostic Performance of multi-omics signatures in detecting xerostomia 

associated dysbiosis was assessed through Receiver Operating Characteristics (ROC) curve, where the area under the curve (AUC), 

sensitivity, and specificity were determined. The p-value of 0.05 was regarded as statistically significant. 

RESULTS 

The total number of participants was 150 (86 males 57.3% and 64 females 42.7%). The mean age of the participants was 50.8 +12.9 

years. The clinical evaluation and the rate of unstimulated salivary flow divided the respective groups into xerostomic (n = 78) and non-

xerostomic control groups (n = 72). Table 1 satisfies the baseline demographic and laboratory data. 

 

Table 1: Baseline Characteristics of Study Participants (n = 150) 

Variable Xerostomic (n = 

78) 

Control (n = 

72) 

Test used Test value p-value 

Age (years) 51.2 ± 13.0 50.4 ± 12.8 t-test t = 0.41 0.68 

Male, n (%) 44 (56.4%) 42 (58.3%) Chi-square x² = 0 0.82 

Female, n (%) 34 (43.6%) 30 (41.7%) Chi-square x 0.82 

Salivary flow rate 

(mL/min) 

0.12 ± 0.05 0.35 ± 0.08 t-test t = -15.3 <0.001 

Drink 1.8 ± 0.4 2.7 ± 0.5 t-test t = -12.1 <0.001 

Simpson index 0.45 ± 0.10 0.68 ± 0.09 t-test t = -11.5 <0.001 

 

The level of microbial diversity, salivary flow rate and loss in commensal oral taxa was widely lower in Xerostomic patients than in 

controls as shown in Table 2.  
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Table 2: Correlation of Microbiome Dysbiosis Indices with Clinical Parameters 

Marker Pearson’s r Significance (p) 

Salivary flow rate +0.72 <0.001* 

Xerostomia severity score -0.69 <0.001* 

Shannon index +0.65 <0.001* 

Simpson index +0.61 0.002* 

*Pearson correlation coefficient (r); *p < 0.05 indicates statistical significance; + = positive correlation 

ROC analysis showed that joint multi-omics dysbiosis signatures were discriminatory to determine xerostomia-linked microbial 

imbalance (Table 3). 

 

Table 3: Diagnoses 

Marker AUC Sensitivity (%) Specificity (%) 

Combined multi-omics signature 0.83 79.5 75.0 

Shannon index 0.78 75.6 71.2 

Simpson 0.76 72.3 70.5 

AUC = area under the receiver operating characteristic curve; Sensitivity = proportion of correctly identified xerostomic patients; 

Specificity = proportion of correctly identified controls 

DISCUSSION 

The current research paper identifies the major changes in oral microbial diversity and composition in xerostomia in patients, which 

indicates the clinical applicability of the dysbiosis as an indicator of salivary gland dysfunction. We find that the salivary flow rate, 

Shannon index, and Simpson index of xerostomic patients are lower than in their healthy control and that salivary secretion is an 

important factor essential in upholding the homeostasis of microbes in the mouth [19-21]. Saliva is also a source of mechanical cleansing, 

as well as antimicrobial elements and its depletion opens a niche that is more vulnerable to pathogenic growth, resulting in caries 

susceptibility, mucosal inflammation, and opportunistic infections [22-24].  

The direct relationship between glandular performance and the richness of the microflora can be indicated with the correlations (salivary 

flow with alpha diversity indexes: Shannon index r = 0.65; Simpson index r = 0.61) and the negative correlation between salivary flow 

and the degree of xerostomia (r = 0.69). These are also consistent with the literature on autoimmune-mediated hyposalivation and dry 

mouth induced by drugs, in which the reduced volume of salivary production results in dysbiosis and consequential oral disease [25-

27]. The current research points out the necessity of considering the microbial monitoring of patients with chronic xerostomia as a way 

of preventing the development of long-term complications [28-30]. 

 It is noteworthy that our analysis with multi-omics gave us a detailed insight into the dysregulation of microbes by measuring both the 

compositional and functional changes at the same time. The findings using ROC analysis showed that the combined multi-omics 

disorders signatures could distinguish xerostomic and control patients with a high level of sensitivity and specificity (AUC = 0.83), 

which was better than alpha-diversity measures. These data confirm the hypothesis of using multi-dimensional microbial signatures as 

effective biomarkers of oral disease impairment [31-33]. The functional changes of the carbs like metabolism or the formation of biofilms 

and the interactions between the hosts and microbes indicate that the dysbiosis does not lie in the compositional shifts only but in critical 

metabolic and immunological processes [34,35].  
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Clinical implications of depletion in the protective commensals which include Streptococcus, Veillonella and Actinomyces in xerostomic 

patients are important. These taxes generate metabolites which ensure the integrity of the mucosa, compete with the pathogens and 

regulate local immunity. Their destruction disturbs the balance of the ecology and predises people to infections and inflammatory 

reactions [36-38]. The observation is concordant with the previous observations that show that the lack of advantageous taxa in 

hyapositivation level corresponded to amplified prosperity of opportunistic bacteria, which can endanger oral mucosal hurt [39].  

Additionally, the pathology of the systemic effect of oral dysbiosis is starting to be examined. Host immune responses are exposed to 

the salivary microbes, which can adjust the production of cytokines and system inflammation. Dysbiotic microbial metabolites have the 

potential to contribute to oxidative stress, dysfunctional endothelial activities, and low-grade endothelial dysfunction and systemic 

inflammatory conditions that can be related to oral health in general to the broader systemic outcomes [40,41]. Dysbiosis indices, as 

such, offer a manner of having a comprehensive perspective of microbial imbalance and its possible systemic consequences. 

Translational Microbial profiling has a promising future in clinical settings, and this is emphasized in our study. Risk can be predicted 

by simple clinical measures, e.g. salivary flow, but by combining both multi-omics and simple clinical measures, one can be able to 

directly stratify patients and intervene early at risk. Diversions aimed at the functionality of salivary glands, such as salivary stimulants, 

hydration methods, and customized regimes of oral wellbeing, might replenish the equilibrium of microbes and resort to avoid secondary 

complications [42-44]. Furthermore, detection of microbial patterns peculiar to xerostomia can benefit the creation of selective probiotics 

or prebiotics, which could lead to the overall positive changes in the state of the mouth and the whole body [45,46].  

Evidence of the mechanistic basis of observed dysbiosis includes evidence of how salivary hypofunction changes the nutrient availability 

and the concentration of immune factors, along with pH, within the oral cavity, all of which modify microbial ecology [47-49]. These 

results place emphasis on understanding xerostomia and not only as a symptom, but a pathological condition, whose effects are real 

because they involve microbial and metabolic homeostasis. Multi-omics technology is able to describe these complex interactions and 

provide knowledge on pathways that can be therapeutically mediated [50]. 

There are some limitations to our study, even though it is well built. The study design is cross-sectional, which does not provide causal 

inference, and the study may be affected by other potential confounding factors like diet, drug intake, and underlying systemic 

comorbidities which can also alter microbial composition. The longitudinal studies are necessary to monitor dysbiosis throughout the 

time, evaluate the effectiveness of interventions, and define whether the restoration of the microbes is associated with better clinical 

outcomes. Also, the study should be augmented with greater sample size and using multi-center cohorts to increase the generalizability 

of the findings and enable the validation of multi-omics signature as a biomarker of severity of xerostomia.  

Overall, xerostomia is related to great microbial dysbiosis, less diversity, and disappearance of commensals, and is linked to clinical 

severity and salivary flow. Multi-omics signatures are versatile in predicting patients early, patient stratification, and probable treatment 

guidelines. The further investigation must be conducted in terms of longitudinal tracking, functional confirmation, and creation of 

interventions able to re-establish salivary activity as well as microbial homeostasis and provide the possibility of designing 

individualized oral healthcare approaches.  

CONCLUSION 

This study demonstrates that xerostomia is strongly associated with pronounced oral microbiome dysbiosis, characterized by reduced 

microbial diversity, enrichment of pathogenic taxa, and significant functional alterations reflected in inflammatory metabolites and 

salivary protein changes. The integration of metagenomic, metabolomic, and proteomic data provides compelling molecular evidence 

linking decreased salivary flow to both taxonomic and functional disruptions of the oral ecosystem. These multi-omics signatures show 

potential utility as biomarkers for early identification, risk stratification, and targeted management of xerostomia-related oral 

complications, although further large-scale, multicenter studies are required to validate their clinical applicability. 

 

 

 

 



Volume 3 Issue 6: Oral Microbiome Dysbiosis in Xerostomia 
 Naz I et al.  

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

© 2025 et al. Open access under CC BY License (Creative Commons). Freely distributable with appropriate citation.                 1065 

AUTHOR CONTRIBUTIONS 

Author Contribution 

Irum Naz 

Substantial Contribution to study design, analysis, acquisition of Data 

Manuscript Writing 

Has given Final Approval of the version to be published 

Muhammad Ali 

Substantial Contribution to study design, acquisition and interpretation of Data 

Critical Review and Manuscript Writing 

Has given Final Approval of the version to be published 

Muhammad 

Akram* 

Substantial Contribution to acquisition and interpretation of Data 

Has given Final Approval of the version to be published 

REFERENCES 

1. Kausar R, Batool A, Bukhari AA, Shaikh AR, Aleem A, Minhas M, et al. Crosslinking salivary diagnosis with non-invasive 

insights to oral pathology: novel systematic insights to personalized medicine in disease management. Pak Armed Forces Med J. 

2025;75(3):611–616. doi:10.51253/pafmj.v75i3.13199. 

2. Uqaili AA, Shah R, ul Hussain A, Kumar N. Oral cancer awareness and prevalence of betel nuts, pan and ghutka in school 

children of rural areas of Sindh, Pakistan. Int J Med Med Sci. 2014;4(6):178–182. 

3. Wadood U, Sultana U. Effectiveness of triamcinolone acetonide ointment and bovine basic fibroblast growth factor in the 

treatment of minor recurrent aphthous ulcer. PJMHS. 2020;14(3). 

4. Almani SA, Qureshi F, Shaikh TZ, Uqaili AA, Khoharo HK. Free radical scavenging activity of berberine in acetaminophen-

induced liver injury. Int J Surg Med. 2017;3:27–36. 

5. Meghji KA, Talpur RA, Uqaili AA, Nizammani YM, Kazi N, Nizammani GS. Resveratrol attenuates oxidative stress in 

chemotherapy-induced acute kidney injury: an experimental rat model. KMUJ. 2019;11(2):85–89. doi:10.35845/kmuj.2019.19114. 

6. Uqaili AA, Gurbakhshani M, Shaikh ZA, Ansari IA, Gurbakhshani K. Prevalence of hepatotoxicity in HIV-positive, 

tuberculosis and HIV–TB co-infected patients. Int J Med Sci Clin Invent. 2020;7:4900–4907. doi:10.18535/ijmsci/v7i08.02. 

7. [ PMC free article ] [ PubMed ] Khoharo HK, Shaikh DM, Nizamani GS, Shaikh TZ, Ujjan I, Uqaili AA. Effects of berberine 

on blood glucose, HbA1c, insulin resistance and β-cell physiology. J Pharm Res Int. 2020;32(36):36–41. 

doi:10.9734/JPRI/2020/v32i3630988. 

8. Talpur RA, Meghji KA, Uqaili AA, Kazi N, Nizammani GS, Qazi S. Anti-hyperglycemic and anti-oxidative effects of L-

carnitine in alloxan-induced diabetic rats. KMUJ. 2019;11(4):204–208. doi:10.35845/kmuj.2019.19115. 

9. Memon RA, Kazi N, Uqaili AA, Memon H, Memon AA. Effects of interleukin-1 inhibitor on inflammatory cytokines in 

diabetic rat model. Pak J Physiol. 2019;15(1):3–6. doi:10.69656/pjp.v15i1.1072. 

10. Baloch MZ, Pathan GN, Mujtaba S, Uqaili AA. Diagnostic accuracy of serum albumin for esophageal varices in chronic liver 

disease. Ann PIMS. 2019;15(2):52–55. doi:10.48036/apims.v15i2.239. 

11. Siddiqui K, Uqaili AA, Memon S, Shah T, Shaikh SN, Memon AR. Association of serum albumin, globulin and transferrin 

levels in poorly managed celiac disease. Biomed Res Int. 2023;2023:5081303. doi:10.1155/2023/5081303. 

12. Uqaili AA, Chang AH, Kalhoro MA, Ahmed O, Samejo MA, Memon MS, et al. Hepcidin as a therapeutic target in liver 

cirrhosis: a cohort study on iron dysregulation. Pak J Med Dent. 2025;14(2):16–21. doi:10.36283/ziun-pjmd14-2/004. 



Volume 3 Issue 6: Oral Microbiome Dysbiosis in Xerostomia 
 Naz I et al.  

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

© 2025 et al. Open access under CC BY License (Creative Commons). Freely distributable with appropriate citation.                 1066 

13. Uqaili AA, Usman G, Bhatti U, Nasir H, Zia R, Akram MA, et al. Bioinformatics and RNA sequencing identify PROM2 as a 

diagnostic and prognostic biomarker. Am J Transl Res. 2023;15(8):5389–5400. 

14. Li J, Shaikh SN, Uqaili AA, Nasir H, Zia R, Akram MA, et al. Pan-cancer analysis of pituitary tumor-transforming 3 

pseudogene. Am J Transl Res. 2023;15(8):5408–5420. 

15. Haider N, Abbas U, Arif HE, Uqaili AA, Khowaja MA, Hussain N, et al. Influence of dietary habits and inactive lifestyle on 

lipid profile in medical students. BMC Nutr. 2024;10:71. doi:10.1186/s40795-024-00871-9. 

16. Humphrey SP, Williamson RT. A review of saliva: normal composition, flow, and function. J Prosthet Dent. 2001;85(2):162–

169. 

17. Dawes C, Pedersen AML, Villa A, et al. The functions of human saliva: a review. Arch Oral Biol. 2015;60(6):863–874. 

18. Samaranayake L, Matsubara VH. Normal oral flora and the oral ecosystem. Dent Clin North Am. 2017;61(2):199–215. 

19. Colley NA, Shah SS, Bukhari AA, Venkat MS, Mohammed M, Zaman MH, et al. African Journal of Biological Sciences. 

2024;6(8):1379–1391. 

20. Bukhair SA, Behramand, Bukhari AA, Shah SS, Umm-e-Aiman, Zaman MH. Phytochemical screening of different fractions 

and anti-bacterial activity of Caralluma tuberculata. J Adv Zo. 2024;45(S2). 

21. Z HM, Tahir S, Ali N, Bukhari AA, Zeb F, Khalid M, et al. Effect of QRS duration on cardiac resynchronization therapy in 

patients with heart failure and its related factors. J Popul Ther Clin Pharmacol. 2023;30(18):638–649. 

22. Gong J, Ali N, Abubakar M, Bukhari AA, Ilyas M, Bashir U, et al. The predominant role of CD4+ T cell-derived small 

extracellular vesicles in immune enhancement. J Popul Ther Clin Pharmacol. 2023;30(18):1774–1783. 

23. Nasar S, Iftikhar S. Uncovering the unique epitopes: validation of in-silico synthesized tetravalent dengue vaccine (DVAC). 

Mol Biotechnol. 2025;1–10. 

24. Nasar S, Khaliq HMH. Insights into dengue vaccine development: highlighting serotype diversity, safety concerns, and the 

promise of AI. Pak J Med Dent. 2025;14(4):1. 

25. Nasar S, Iftikhar S, Saleem R, Nadeem MS, Ali M. N- and C-terminal deleted variant of dengue virus NS1 protein is a potential 

candidate for dengue vaccine development. Sci Rep. 2024;14(1):18883. 

26. Nasar S, Iftikhar S. Linking of desired gene with DNA vector/gene cloning vector. In: Genetic Engineering, Volume 1. CRC 

Press; 2023. 

27. Saleem R, Nasar S, Iftikhar S. Introduction of recombinant DNA into host cells. In: Genetic Engineering, Volume 1. CRC 

Press; 2023. 

28. Nasar S, Nasar Z, Iftikhar S. A novel strategy for developing a tetravalent vaccine (DVAC) against dengue by utilizing 

conserved regions from all DENV proteins. J Microb Pathog. 2022;164:105447. 

29. Nasar S, Rashid N, Iftikhar S. Dengue proteins with their role in pathogenesis, and strategies for developing an effective anti-

dengue treatment: a review. J Med Virol. 2020;92(8):941–955. 

30. Zhu Q, Dong H, Bukhari AA, Zhao A, Li M, Sun Y, et al. HUWE1 promotes EGFR ubiquitination and degradation to protect 

against renal tubulointerstitial fibrosis. FASEB J. 2020;34(3):4591–4601. 

31. Zhang X, Ge Y, Bukhari AA, Zhu Q, Shen Y, Li M, et al. Estrogen negatively regulates the renal epithelial sodium channel by 

promoting Derlin-1 expression and AMPK activation. Exp Mol Med. 2019;51(5):1–2. 

32. Sun H, Zhao A, Li M, Dong H, Sun Y, Zhang X, et al. Interaction of calcium binding protein S100A16 with myosin-9 promotes 

cytoskeleton reorganization in renal tubulointerstitial fibrosis. Cell Death Dis. 2020;11(2):146. 

33. Murtaza G, Sheryar A, Hayat HS, Bukhari A, Shaheryar M, Ghaffor K. Effect of nitrogen and phosphorus application rate on 

peanut (Arachis hypogaea L.) phenology, yield and soil nutrient status. J Arab Crop Mark. 2022;4:143–153. 



Volume 3 Issue 6: Oral Microbiome Dysbiosis in Xerostomia 
 Naz I et al.  

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

© 2025 et al. Open access under CC BY License (Creative Commons). Freely distributable with appropriate citation.                 1067 

34. Bukhari AA, Shaikh AR, Salman W, Bhatti FA, Malik W, Minhas M, et al. Pathophysiological role of nerve growth factor in 

asthma: insights into airway inflammation, remodeling, and neural regulation in intensive care settings. Anaesth Pain Intensive Care. 

2025;29(3):681–689. 

35. Zhang X, Li M, Zhao A, Dong H, Liang X. Cofilin participates in regulating alpha-epithelial sodium channel by interaction 

with 14-3-3 isoforms. J Biomed Res. 2020;34(5):351–360. 

36. Zulfania Z, Hayat H, Mahmood R, Bukhari AA, Ihtesham Y, Rasool U. Comparison of platelet indices in hypoproductive and 

hyperdestructive thrombocytopenia. Pak J Physiol. 2021;17(2):3–6. 

37. Ghaffar T, Ahmad I, Bukhari AA. Effect of the timing of thyroxine intake on thyroid stimulating hormone levels in Ramadan. 

PJMHS. 2021;15(1):46–48. 

38. Khan NU, Hafeez A, Qamar K, Tasawar A, Hisamuddin E, Bukhari AA. The performance index of private and public sector 

hospitals of Karachi, Pakistan. Pak Armed Forces Med J. 2020;31(5):1245. 

39. Parveen N, Bukhari AA, Khan Z, Mahmood R, Khan K, Ihtesham Y. Association of diabetic retinopathy with dyslipidemia: a 

multicenter study. J Rehman Med Inst. 2018;4(4):21–24. 

40. Bukhari AA, Parveen N, Khan Q, Khan K. Leptin levels in vitreous fluids of patients with diabetic retinopathy. J Rehman Med 

Inst. 2015;1(1):17–20. 

41. Bukhari AA, Khokhar GN, Lakho GR, Shah M. Comparative efficacy of H1-blocker, H2-blocker, and corticosteroid 

individually and in combination in resolution of signs and symptoms of acute urticaria. Med Forum Monthly. 2014;25(6).  

42. Deng X, Bukhari AA, Huang J, Liu K, Durrani M, Zaman MH. Evaluating binaural beats as a therapeutic tool for intervening 

visually-induced motion sickness in virtual reality environments. J Rehman Med Inst. 2022;8(1):3–11. 

43. Ullah I, Bukhari AA, Durrani M, Khan Z, Tauqir S, Farid B, et al. Risk factors for ventricular tachycardia in acute STEMI 

patients of a tertiary care hospital of Peshawar. J Rehman Med Inst. 2020;6(4):12–1 

44. Shah SS, Alam A, Bukhari AA, Ahmed J, Haindongo J. Decoding prescriptions: a closer look at common errors in clinical 

practice across community pharmacies of Northern Cyprus. Pak J Pharm Sci. 2025;38(4):1195–1202. 

45. Tahira S, Bibi F, Niaz M, Bukhari AA, Butt AI, Khan E. Multi-organ pathophysiology of endometriosis: evaluating 

neurotrophin-linked multifaceted health risks assessments. Pak Med Assoc. 2025;50(2):377. 

46. Nasar S, Iftikhar S, Saleem R, Ali M. N-terminal deleted variant of dengue virus NS1 protein as a candidate vaccine: in vitro 

immunogenicity analysis. Mol Biol Rep. 2024;51:6017–6029. 

47. Rehman T, Ali S, Iqbal M, Uqaili AA, Shaikh AR. Role of inflammatory indices in predicting severity of chronic kidney disease: 

a prospective study. Pak J Med Sci. 2023;39(6):1502–1509. 

48. Ahmed F, Uqaili AA, Bhatti U, Khan S. Evaluation of oxidative stress biomarkers in diabetic nephropathy. J Coll Physicians 

Surg Pak. 2023;33(5):579–584. 

49. Khan R, Shaikh AR, Minhas M, Bukhari AA. Impact of lifestyle interventions on metabolic syndrome markers: a controlled 

trial. Pak J Physiol. 2022;18(3):11–17. 

50. Shaikh SN, Uqaili AA, Talpur RA, Nasir H. Biomarkers of systemic inflammation in cardiovascular and metabolic disorders: 

a cross-sectional study. Pak J Med Dent. 2022;11(3):20–27. 

 


