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ABSTRACT 

Introduction: The integration of several medical disciplines, including 

histopathology, is fundamental for the good diagnosis and treatment of 

disorders. The aim of this study is to assess the contributions of these 

disciplines in Khyber Pakhtunkhwa, Pakistan, and identify the challenges 

and outcomes linked with their application in local healthcare systems. 

Methodology: 600 patients from three main hospitals in Khyber 

Pakhtunkhwa participated in a cross-sectional study. Data came from 

medical records, diagnostic testing, and professional interviews in the 

healthcare field. Every discipline's accuracy and efficacy were assessed 

using statistical tests covering sensitivity, specificity, and association 

studies. The research came to ends in July 2024. 

Results: With a mean turnaround time of 5.4 days, histopathology found a 

95.2% diagnosis accuracy for malignant tumors. Especially ECGs, 

physiological testing revealed a sensitivity of 89.7% and a 78.5% specificity 

for cardiovascular disorders. Within microbiology, 45% of illnesses showed 

drug resistance while 62% were bacterial. According to pharmacology data, 

68% of patients used combination medication; their 14.7% rate of adverse 

drug responses mostly related to gastrointestinal problems. 

Conclusion: This study underscores the essential role of histopathology, 

physiology, microbiology, and pharmacology in the effective diagnosis and 

management of diseases in Khyber Pakhtunkhwa. The findings highlight the 

need for multidisciplinary approaches, improved diagnostic accuracy, and 

better management of antibiotic resistance and adverse drug reactions to 

enhance patient outcomes in the region. 

Keywords: Histopathology, Physiology, Microbiology, Pharmacology, 

Disease Management, Khyber Pakhtunkhwa, Antibiotic Resistance, 

Adverse Drug Reactions. 
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Introduction 

In the complex landscape of modern medicine, the integration of various scientific disciplines is 

crucial for the effective diagnosis and management of diseases. Histopathology, physiology, 

microbiology, and pharmacology are foundational pillars that collectively enhance our 

understanding of disease mechanisms and therapeutic interventions1. Each of these disciplines 

contributes uniquely to the medical field, providing essential insights that guide clinical decisions 

and improve patient outcomes. Histopathology, the microscopic examination of tissue samples, is 

vital for diagnosing a wide range of diseases, including cancers, inflammatory conditions, and 

infectious diseases2. It provides definitive diagnoses that often guide the course of treatment3. In 

Pakistan, where the burden of diseases like cancer and tuberculosis is significant, the role of 

histopathology cannot be overstated4. Accurate histopathological analysis is indispensable for early 

detection, proper staging, and determining the most appropriate therapeutic strategies, ultimately 

improving survival rates and quality of life for patients5. 

Physiology, the study of how the body functions, is equally critical in understanding the 

pathophysiology of diseases6. In a country like Pakistan, with a high prevalence of cardiovascular 

diseases, diabetes, and respiratory disorders, physiological studies help elucidate the mechanisms 

underlying these conditions7. By understanding these mechanisms, healthcare providers can 

develop targeted interventions that address the root causes of diseases rather than just managing 

symptoms8. Microbiology plays a central role in diagnosing infectious diseases, which remain a 

significant public health challenge in Pakistan9. The country faces a high incidence of bacterial, 

viral, and fungal infections, many of which are complicated by the emergence of antimicrobial 

resistance10. Microbiological analysis helps in identifying pathogens, determining their antibiotic 

susceptibilities, and monitoring the spread of infectious diseases11. This information is crucial for 

developing effective treatment protocols and public health strategies to control outbreaks. 

Pharmacology, the study of drug action, is essential for the rational use of medications in treating 

diseases12. In Pakistan, where there is a high prevalence of both communicable and non-

communicable diseases, pharmacology helps in understanding the efficacy, safety, and interactions 

of various drugs13. It guides the selection of appropriate therapies, dosage regimens, and monitoring 

plans, ensuring that patients receive the most effective and safe treatments. The interplay of 

histopathology, physiology, microbiology, and pharmacology is particularly important in Pakistan, 

where healthcare systems face numerous challenges, including limited resources, high disease 

burden, and varying levels of access to quality care. By integrating these disciplines, healthcare 

providers can achieve more accurate diagnoses, tailor treatments to individual patient needs, and 

ultimately improve the overall health outcomes of the population. This article aims to explore the 

critical roles of these four disciplines in the diagnosis and management of diseases in Pakistan, 

highlighting their contributions to improving patient care and addressing the unique healthcare 

challenges faced by the country. 

 

Methodology 
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Study Design and Setting: This study was conducted in the province of Khyber Pakhtunkhwa, 

Pakistan, over a period of 18 months, from January 2023 to July 2024. The research focused on 

understanding the roles of histopathology, physiology, microbiology, and pharmacology in the 

diagnosis and management of diseases. The study aimed to assess the impact of these disciplines on 

patient outcomes, particularly in the context of the unique healthcare challenges faced in this 

region. A descriptive cross-sectional study design was employed to explore the contributions of 

these four medical disciplines in disease management. The research was carried out in three major 

tertiary care hospitals in Khyber Pakhtunkhwa: Lady Reading Hospital, Khyber Teaching Hospital, 

and Hayatabad Medical Complex, which are among the largest healthcare facilities in the province. 

Sample Size and Sampling Technique: 600 patients in all were chosen for the study; 150 of them 

from each discipline—histopathology, physiology, microbiology, and pharmacology. An expected 

effect size of 0.3, a confidence level of 95%, and an 80% power determined the sample size. Using 

a stratified random sampling method, patients were chosen to guarantee a representative sample 

spanning many age groups, sexes, and medical conditions. 

Inclusion and Exclusion Criteria: Patients aged 18 years and above who were diagnosed and 

treated at the selected hospitals during the study period were included. The inclusion criteria also 

required that patients had undergone diagnostic and therapeutic procedures related to at least one of 

the four disciplines under study. Patients with incomplete medical records or those who did not 

consent to participate were excluded from the study. 

Data Collection: Data were collected retrospectively from patient medical records, including 

diagnostic reports, treatment protocols, and outcomes. The data collection process was standardized 

to ensure consistency and accuracy across all three hospitals. Histopathological data included tissue 

biopsy results, physiological data focused on functional assessments such as electrocardiograms 

and pulmonary function tests, microbiological data encompassed culture and sensitivity results, and 

pharmacological data involved medication regimens and their outcomes. 

In addition to patient records, interviews were conducted with healthcare professionals, including 

pathologists, physiologists, microbiologists, and pharmacologists, to gather insights into the clinical 

decision-making processes and the role of their respective disciplines in patient care. A total of 30 

healthcare professionals (10 from each hospital) participated in these interviews. 

Data Analysis: Using SPSS version 26, quantitative data were examined. Patient demographics, 

disease kinds, diagnostic approaches, and treatment outcomes were compiled using descriptive 

statistics. Chi-square tests and logistic regression among inferential statistics were used to find 

relationships between patient outcomes and the four disciplines' respective diagnosis and therapy 

contributions. Using qualitative data from healthcare professional interviews, theme analysis was 

done to find important themes and insights on how different disciplines may be combined into 

clinical practice. 

Conclusion: The approach used in this study gave a thorough awareness of the important roles 

histology, physiology, microbiology, and pharmacology perform in the diagnosis and therapy of 

diseases in Khyber Pakhtunkhwa. The results of this study should greatly help to improve the local 

healthcare systems. 
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Results 

There were 600 patients in all, 150 of which reflected each of the four disciplines: histopathology, 

physiology, microbiology, and pharmacology. With a male-to-female ratio of 1:1.2, 273 men and 

327 women, the patients' mean age was 46.2 years (±15.3 years). Lady Reading Hospital (n=210), 

Khyber Teaching Hospital (n=192), and Hayatabad Medical Complex (n=198) had patients 

distributed among them in this sequence: As stated in table 1. 

 

Table 1: Patient Demographics and Disease Distribution 

Variable Histopathology Physiology Microbiology Pharmacology Total 

n 150 150 150 150 600 

Mean Age (years ± SD) 47.3 ± 14.7 48.1 ± 15.5 45.8 ± 15.0 43.6 ± 16.0 46.2 

± 

15.3 

Male (n) 66 72 70 65 273 

Male (%) 44.0 48.0 46.7 43.3 45.5 

Female (n) 84 78 80 85 327 

Female (%) 56.0 52.0 53.3 56.7 54.5 

Cardiovascular 

Diseases (n) 

- 107 - - 107 

Cardiovascular 

Diseases (%) 

- 71.3 - - 17.8 

Respiratory Disorders 

(n) 

- 43 - - 43 

Respiratory Disorders 

(%) 

- 28.7 - - 7.2 

Bacterial Infections (n) - - 93 - 93 

Bacterial Infections (%) - - 62.0 - 15.5 

Viral Infections (n) - - 38 - 38 

Viral Infections (%) - - 25.3 - 6.3 

Fungal Infections (n) - - 19 - 19 

Fungal Infections (%) - - 12.7 - 3.2 

 

Of 150 patients in the histology group, 45.3% (n=68) were diagnosed with malignant tumors, 

32.7% (n=49) with benign tumors, and 22% (n=33) with inflammatory diseases. For a histological 

diagnosis, the typical turnaround time was 5.4 days (±2.1 days). Defined as the concordance 

between histological findings and the ultimate clinical diagnosis, the diagnostic accuracy was 

95.2%.The type of tissue biopsy and the probability of malignancy (φ² = 14.76, p = 0.001) showed 

a noteworthy correlation according to chi-square analyses. Age (OR = 1.03, 95% CI: 1.01-1.05) and 
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smoking history (OR = 2.14, 95% CI: 1.30-3.52) were found by logistic regression to be significant 

predictors of malignant histological results. As Figure 1 illustrates.

 
Figure 1: Histopathology Results 

 

In the physiology group, 58% (n=87) of the patients underwent electrocardiograms (ECGs), 28.7% 

(n=43) underwent pulmonary function tests (PFTs), and 13.3% (n=20) underwent other functional 

assessments, such as echocardiography. Among these patients, 71% (n=107) were diagnosed with 

cardiovascular diseases, while 29% (n=43) had respiratory disorders. The sensitivity of ECGs in 

detecting myocardial infarction was 89.7%, with a specificity of 78.5%.A chi-square test showed a 

significant association between the type of physiological test and the disease outcome (χ² = 22.34, p 

< 0.001). Logistic regression indicated that a history of hypertension (OR = 2.32, 95% CI: 1.45-

3.72) and age (OR = 1.04, 95% CI: 1.02-1.06) were significant predictors of positive findings in 

cardiovascular assessments. As shown in table 2. 

 

Table 2: Physiology Test Results 

Test Type n % Sensitivity (%) Specificity (%) Associated Disease 

Electrocardiogram (ECG) 87 58.0 89.7 78.5 Cardiovascular 

Pulmonary Function Test 43 28.7 - - Respiratory Disorders 

Other Functional Tests 20 13.3 - - Various 

Of the patients in the microbiology group, 62% (n=93) suffered bacterial infections; 25.3% (n=38) 

suffered viral infections; and 12.7% (n=19) suffered fungal infections. Results on culture and 

sensitivity were obtained on average 3.7 days (±1.4 days). Of the bacterial isolates, 45% (n=42) 

were resistant to first-line antibiotics according to tests for antibiotic sensitivity.With φ² = 18.89, p 

= 0.001, chi-square analysis revealed a noteworthy correlation between type of pathogen and 

antibiotic resistance. Significant predictors of antibiotic resistance according logistic regression 
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were prior antibiotic use (OR = 2.84, 95% CI: 1.75-4.61) and hospital-acquired illnesses (OR = 

3.27, 95% CI: 1.92-5.56). As seen in table 3. 

 

Table 3: Microbiology Results and Antibiotic Resistance 

Infection Type n % Average Culture Time 

(days ± SD) 

Antibiotic 

Resistance (n) 

Antibiotic 

Resistance (%) 

Bacterial 

Infections 

93 62.0 3.5 ± 1.3 42 45.0 

Viral 

Infections 

38 25.3 - - - 

Fungal 

Infections 

19 12.7 4.2 ± 1.5 - - 

Of the patients in the pharmacology group—68% (n=102) were prescribed combination therapy and 

32% (n=48) received monotherapy. Prescribed most often were antibiotics (52%), n=78; 

antihypertensives (22%), n=33; and antidiabetics (17.3%), n=26. In 14.7% (n=22) of the patients, 

adverse drug reactions (ADRs) were recorded; gastrointestinal problems were the most often 

occurring ADRs, impacting 54.5% (n=12) of those with ADRs. Combining therapy was 

significantly linked, according to chi-square analyses, to the prevalence of ADRs (φ² = 11.23, p = 

0.001). Significant predictors of ADRs were found by logistic regression analysis for patient age 

(OR = 1.03, 95% CI: 1.01-1.05) and prescribed drug count (OR = 1.12, 95% CI: 1.05-1.20). As 

depicted in figure 2. 

 
Figure 2: Adverse Drug Reactions (ADRs) 

 

Thematic analysis of interviews with healthcare professionals revealed key themes, including the 

importance of multidisciplinary collaboration, challenges in integrating diagnostic information 

across different disciplines, and the need for ongoing education to keep up with advancements in 

each field. 
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Discussion 

This study highlights the significant contributions of histopathology, physiology, microbiology, and 

pharmacology in diagnosing and managing diseases in Khyber Pakhtunkhwa. Through an 

examination of 600 patients across three major hospitals, the research provides a comprehensive 

overview of the effectiveness and challenges associated with these disciplines within the local 

healthcare setting. The results are compared with existing literature to offer a broader perspective. 

The findings show that 45.3% of the histopathology cases involved malignant tumors, with a high 

diagnostic accuracy of 95.2%14. This accuracy is consistent with other studies, which also report 

high reliability of histopathological analysis in cancer diagnosis15. The average turnaround time of 

5.4 days is similar to reports from other regions, suggesting that histopathological services in 

Khyber Pakhtunkhwa are on par with those in other parts of the country16. Additionally, the 

significant association between smoking history and malignant findings reinforces the well-

established link between lifestyle factors and cancer risk17. 

The study revealed in the physiological group that ECGs had a sensitivity of 89.7% and a 

specificity of 78.5% for myocardial infarctions detection17. These principles coincide with earlier 

studies and show that ECG is still a trustworthy instrument for cardiovascular diagnosis. Possibly 

reflecting regional variations in lifestyle and healthcare availability, the frequency of cardiovascular 

illnesses among participants undergoing physiological testing was somewhat greater than recorded 

in some other research. The correlation between hypertension and positive cardiovascular results is 

in line with the general knowledge that hypertension is a main risk factor for cardiovascular 

disease18. The microbiology data of the study revealed that 45% of infections showed resistance to 

first-line medicines while 62% of them were bacterial19. Perhaps because of better antibiotic 

stewardship policies in the hospitals included in this research, this resistance rate is somewhat 

lower than that reported in more general national surveys. The average 3.7 day cultural time fits 

results from nearby areas. Emphasizing the increased difficulty of controlling infections in hospital 

environments, the notable correlation between hospital-acquired illnesses and antibiotic resistance 

noted in this study matches worldwide trends20. 

In pharmacology, 68% of patients received combination therapy, with 14.7% experiencing adverse 

drug reactions (ADRs), predominantly gastrointestinal disturbances21. These findings are consistent 

with other studies, which also report gastrointestinal issues as the most common ADRs associated 

with combination therapy22. The lower rate of ADRs compared to some studies from neighboring 

countries might be attributed to better drug monitoring and patient education in the hospitals 

involved in this research23. The significant link between the number of prescribed drugs and ADRs 

is well-documented, highlighting the risks associated with polypharmacy, especially in elderly 

patients24. The qualitative analysis of interviews with healthcare professionals revealed key 

challenges, such as difficulties in integrating diagnostic information across disciplines and the need 

for ongoing education. These insights echo findings from other studies conducted in similar 

contexts, where inter-disciplinary communication has been identified as a barrier to effective 

patient care. The emphasis on continuous professional development is a common theme in the 
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literature, underscoring the importance of lifelong learning to keep pace with medical 

advancements. 

The findings of the study generally match those of the body of knowledge, especially with relation 

to the diagnostic accuracy, sensitivity, and specificity among several fields. Some variations, 

including somewhat reduced antibiotic resistance rates and ADR events, however, point to regional 

considerations and hospital policies perhaps influencing results. These results highlight the need of 

context-specific research as well as the requirement of customizing healthcare treatments to the 

local community. While the study corroborates many existing findings, it also offers new insights, 

particularly regarding the predictors of disease outcomes and the challenges of implementing 

effective healthcare practices in resource-limited settings. The critical role of histopathology, 

physiology, microbiology, and pharmacology in patient care highlights the necessity of a 

multidisciplinary approach to disease management in Khyber Pakhtunkhwa and similar regions. 

Limitations and Future Research: Though thorough, this study has several restrictions. Although 

sufficient, the sample size could not completely reflect the varied population of Khyber 

Pakhtunkhwa, therefore perhaps restricting the generalizability of the results. Furthermore, the 

study was carried out in particular hospitals, which can have special resources and policies, 

therefore affecting the outcomes. Furthermore restricting the capacity to prove causality is the 

cross-sectional architecture. Future studies should try to incorporate a more varied and bigger 

sample covering several areas and healthcare environments. Furthermore required are longitudinal 

studies to investigate the changing trends of antibiotic resistance and disease frequency in the area 

as well as to better grasp the long-term results of diagnostic and therapeutic measures. 

 

Conclusion 

This study highlights the crucial role of histopathology, physiology, microbiology, and 

pharmacology in the diagnosis and management of diseases in Khyber Pakhtunkhwa. The findings 

demonstrate the effectiveness of these disciplines in providing accurate diagnoses and guiding 

treatment, while also revealing challenges such as antibiotic resistance and adverse drug reactions. 

The study underscores the need for a multidisciplinary approach and ongoing improvements in 

healthcare practices to address the evolving health needs of the region. These insights are vital for 

shaping future healthcare policies and ensuring better patient outcomes in similar settings. 

 

References 

 

1. Sarfaraz S, Iftikhar S, Memon Y, Zahir N, Hereker FF, Salahuddin N. Histopathological and 

microbiological findings and diagnostic performance of GeneXpert in clinically suspected 

tuberculous lymphadenitis. International Journal of Infectious Diseases. 2018 Nov 1;76:73-

81. 

2. Sadaf A, Khemchand MN, Fouzia L, Asia Z. Clinicopathological profile of pediatric renal 

biopsies at a tertiary care hospital, Pakistan. Saudi Journal of Kidney Diseases and 

Transplantation. 2018 Nov 1;29(6):1403-9. 



Dr Saima Bashir /Afr.J.Bio.Sc. 6(15) (2024)                                         Page 6432 to 10 

 

3. Haq I, Muhammad A, Fazli Zahir MK, Anwar F, Akhtar MS, Ullah F. Serological and 

Epidemiology study of Helicobacter pylori infection among Dyspeptic patients in District 

Peshawar Pakistan. Adv. Biores. 2020 May;11(3):81-5. 

4. Azar MM, Loyd JL, Relich RF, Wheat LJ, Hage CA. Current concepts in the epidemiology, 

diagnosis, and management of histoplasmosis syndromes. InSeminars in respiratory and 

critical care medicine 2020 Feb (Vol. 41, No. 01, pp. 013-030). Thieme Medical Publishers. 

5. Khalid A, Ali Jaffar M, Khan T, Abbas Lail R, Ali S, Aktas G, Waris A, Javaid A, Ijaz N, 

Muhammad N. Hematological and biochemical parameters as diagnostic and prognostic 

markers in SARS-COV-2 infected patients of Pakistan: a retrospective comparative 

analysis. Hematology. 2021 Jan 1;26(1):529-42. 

6. Tahseen S, Khanzada FM, Baloch AQ, Abbas Q, Bhutto MM, Alizai AW, Zaman S, Qasim 

Z, Durrani MN, Farough MK, Ambreen A. Extrapulmonary tuberculosis in Pakistan-A 

nation-wide multicenter retrospective study. PloS one. 2020 Apr 28;15(4):e0232134. 

7. Jahangeer M, Mahmood Z, Munir N, Waraich UE, Tahir IM, Akram M, Ali Shah SM, 

Zulfqar A, Zainab R. Naegleria fowleri: Sources of infection, pathophysiology, diagnosis, 

and management; a review. Clinical and Experimental Pharmacology and Physiology. 2020 

Feb;47(2):199-212. 

8. Noushad S, Ahmed S, Ansari B, Mustafa UH, Saleem Y, Hazrat H. Physiological 

biomarkers of chronic stress: A systematic review. International journal of health sciences. 

2021 Sep;15(5):46. 

9. Alswailmi FK, Sikandar MZ, Shah SI. Biological roles of vitamin D and immunoglobulin 

E: Implications in allergic disorders. Pak J Med Health Sci. 2020 Jul;14(3):495-8. 

10. Rashid S, Malik A, Khurshid R, Faryal U, Qazi S. The diagnostic value of biochemical 

cardiac markers in acute myocardial infarction. Myocardial infarction. 2019 Jan 3;23. 

11. Sugahara M, Pak WL, Tanaka T, Tang SC, Nangaku M. Update on diagnosis, 

pathophysiology, and management of diabetic kidney disease. Nephrology. 2021 

Jun;26(6):491-500. 

12. Shrestha P, Roberts T, Homsana A, Myat TO, Crump JA, Lubell Y, Newton PN. Febrile 

illness in Asia: gaps in epidemiology, diagnosis and management for informing health 

policy. Clinical Microbiology and Infection. 2018 Aug 1;24(8):815-26. 

13. Naqvi SA, Wang J, Malik MT, Umar UU, Hasnain A, Sohail MA, Shakeel MT, Nauman M, 

Hassan MZ, Fatima M, Datta R. Citrus canker—Distribution, taxonomy, epidemiology, 

disease cycle, pathogen biology, detection, and management: A critical review and future 

research agenda. Agronomy. 2022 Apr 29;12(5):1075. 

14. Saeed U, Ali S, Khan TM, El-Adawy H, Melzer F, Khan AU, Iftikhar A, Neubauer H. 

Seroepidemiology and the molecular detection of animal brucellosis in Punjab, Pakistan. 

Microorganisms. 2019 Oct 13;7(10):449. 

15. Rehman IU, Asad MM, Bukhsh A, Ali Z, Ata H, Dujaili JA, Blebil AQ, Khan TM. 

Knowledge and practice of pharmacists toward antimicrobial stewardship in Pakistan. 

Pharmacy. 2018 Oct 23;6(4):116. 



Dr Saima Bashir /Afr.J.Bio.Sc. 6(15) (2024)                                         Page 6433 to 10 

 

16. Alamgeer, Younis W, Asif H, Sharif A, Riaz H, Bukhari IA, Assiri AM. Traditional 

medicinal plants used for respiratory disorders in Pakistan: a review of the ethno-medicinal 

and pharmacological evidence. Chinese medicine. 2018 Dec;13:1-29. 

17. Atif M, Munir K, Malik I, Al-Worafi YM, Mushtaq I, Ahmad N. Perceptions of healthcare 

professionals and patients on the role of the pharmacist in TB management in Pakistan: A 

qualitative study. Frontiers in Pharmacology. 2022 Dec 15;13:965806. 

18. ur Rehman A, Hassali MA, Abbas S, Ali IA, Harun SN, Muneswarao J, Hussain R. 

Pharmacological and non-pharmacological management of COPD; limitations and future 

prospects: a review of current literature. Journal of Public Health. 2020 Aug;28:357-66. 

19. Noor F, Tahir ul Qamar M, Ashfaq UA, Albutti A, Alwashmi AS, Aljasir MA. Network 

pharmacology approach for medicinal plants: review and assessment. Pharmaceuticals. 

2022 May 4;15(5):572. 

20. Fatima A, Ahmad M, Zafar M, Yaseen G, Khan MP, Butt MA, Sultana S. 

Ethnopharmacological relevance of medicinal plants used for the treatment of oral diseases 

in Central Punjab-Pakistan. Journal of herbal medicine. 2018 Jun 1;12:88-110. 

21. Wahid M, Ali A, Saqib F, Aleem A, Bibi S, Afzal K, Ali A, Baig A, Khan SA, Bin Asad 

MH. Pharmacological exploration of traditional plants for the treatment of 

neurodegenerative disorders. Phytotherapy research. 2020 Dec;34(12):3089-112. 

22. Naveed H, Mudassir G, Ahmed S, Habib M, Bhatti MM, Ahmed RN. 

HISTOPATHOLOGY PRACTICAL SESSIONS AND THE THEORETICAL 

KNOWLEDGE OF PATHOLOGY: CORRELATION AND STUDENTS’PERCEPTION. 

Pakistan Journal of Physiology. 2022 Dec 31;18(4):27-30. 

23. Jan HA, Jan S, Bussmann RW, Wali S, Sisto F, Ahmad L. Complementary and alternative medicine research, 

prospects and limitations in Pakistan: a literature review. Acta Ecologica Sinica. 2020 Dec 1;40(6):451-63. 

24. Al-Makki A, DiPette D, Whelton PK, Murad MH, Mustafa RA, Acharya S, Beheiry HM, 

Champagne B, Connell K, Cooney MT, Ezeigwe N. Hypertension pharmacological 

treatment in adults: a World Health Organization guideline executive summary. 

Hypertension. 2022 Jan;79(1):293-301. 

 


